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Impact of frailty on protocol-based weaning from
mechanical ventilation in patients with sepsis: a
retrospective cohort study
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Aim: Frailty has been shown to be associated with prolonged mechanical ventilation (MV). However, due to limited physiological
data, it has been unclear how frailty affects weaning from MV in septic patients subjected to a specific weaning protocol.

Methods: This was a single-center retrospective cohort study. The study included patients with sepsis on MV who underwent pro-
tocol-based weaning between August 2015 and December 2018. Frailty was defined as a Clinical Frailty Scale score 4 or more. The
association between frailty and weaning was evaluated.

Results: Ninety-nine eligible patients were identified and categorized as frail (n = 67) or not frail (n = 32). The duration of MV was
significantly longer in the frail group (8 days versus 5 days, P < 0.01). In multivariate analysis, frailty was independently associated
with duration of MV (regression coefficient 17.97, 95% confidence interval 1.77–34.17) and successful weaning (hazard ratio 0.60, 95%
confidence interval 0.36–1.00). There was no significant between-group difference in duration until the first separation attempt or rein-
tubation rate. Respiratory failure was significantly more common in the frail group as a cause of weaning failure, whereas airway fail-
ure was common in both groups.

Conclusion: Frailty was independently associated with a longer duration of MV in patients with sepsis who underwent protocol-
based weaning. Frail patients were more likely to fail spontaneous breathing trials than nonfrail patients during the weaning process,
although the risk after extubation was similar.
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INTRODUCTION

SEPSIS OFTEN REQUIRES mechanical ventilation
(MV) and is more common among the elderly.1 Thus,

age may have a negative effect on the judgment of the inten-
sivist on admissions to the intensive care unit (ICU).2 How-
ever, a recent study has shown that frailty may affect the
prognosis of patients in the ICU independently of chrono-
logical age.3 Therefore, decision making for frail patients

with sepsis, such as a new intervention strategy or treatment
restriction, will become increasingly important.

Large-scale observational studies in ICUs have shown
that frailty is associated with short-term mortality,4–6 long-
term mortality,6 and duration of MV.7,8 Furthermore, Fer-
nando et al. showed associations between the need for MV
and an increased likelihood of extubation failure and tra-
cheostomy in frail patients with a wide range of diseases.3

Such big data trials have the common problem of reliance
on data from large registries in which limited physiological
data are available. The quality of treatment received by the
patients enrolled in these studies is not known; therefore, it
is unclear what treatments had problems or what interven-
tions might have been effective for frail patients. We con-
sider that the weaning process needs to be evaluated
according to frailty status only in patients who have received
protocol-based treatment. We hypothesized that frail patients
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who develop sepsis require MV for longer periods even
under protocol-based weaning. The aim of this study was to
determine how frailty affects weaning from MV in patients
with sepsis.

METHODS

Ethical approval and consent

THIS STUDY WAS approved by the Ethics Committee
of our hospital (Approval Number: NCGM-G-003271-

00). Based on the opt-out approach, we disclosed informa-
tion about this study and excluded data when the patient
declined to participate directly or via proxy.

Study design, setting, and patients

This study had a single-center retrospective cohort design
and was performed in an emergency and general ICU in
Japan. Mechanically ventilated patients over 15 years of age
in the emergency department were screened for enrollment.
Patients were included in the study if they received MV to
support organ failure induced by sepsis. The exclusion crite-
ria were cardiac arrest before or during resuscitation and tra-
cheostomy before screening.

We evaluated each patient for frailty using the Clinical
Frailty Scale (CFS),9 which classifies patients ranging from
very fit to terminally ill. In a previous study of CFS,9 frailty
was defined as a CFS score of 5 or more, and patients with a
score of 4 were considered vulnerable or prefrail. However,
we thought it was possible that the lower scale was chosen
due to insufficient information or based on the absence of
living assistance, such as in cases of homeless or living
alone. Therefore, we included prefrailty in our definition of
frailty and used a CFS score of 4 or more.

Basic information

We collected data on age, sex, body mass index (BMI),
Sequential Organ Failure Assessment (SOFA) score, vaso-
pressor use for resuscitation, the main site of infection, CFS
score before admission, and medical history.

Primary and secondary outcomes

We collected information on duration of MV, whether wean-
ing was successful or not, in-hospital mortality, discharge to
home, tracheostomy, nonweaning, and reintubation rates.
We also identified the type of weaning failure. Successful
weaning was defined as no requirement for reintubation and
lack of mortality within 7 days of attempting extubation.

When tracheostomy or reintubation were performed, the
patient was considered liberated from MV if there was no
requirement for continuous MV for 48 h or more. Nonwean-
ing was defined as no separation attempt (SA) because of
death or transfer.

Weaning: protocols and definitions

First step: separation attempt

SA from MV was defined as a spontaneous breathing trial
(SBT) with or without extubation or extubation performed
directly without an identified SBT according to a previous
large-scale epidemiological study of weaning outcome.10

We performed an SBT if the patient met the standard readi-
ness-to-wean criteria.11

Second step: SBT

The SBT was implemented with appropriate ventilator settings
(FiO2 ≤ 0.4, pressure support ≤5 cmH2O, and positive end-
expiratory pressure ≤5 cmH2O) or a T-piece. The patient was
observed for 30–120 min. Our SBT criteria were based on the
international consensus conference on weaning.11

Third step: cuff leak test

We performed the cuff leak test following SBT. We consid-
ered the cuff leak test to be positive if the tidal volume was
reduced by 110 mL or less when the cuff was deflated.12 If
the variation in tidal volume was difficult to measure
because of spontaneous breathing, we determined whether
or not the leak sound disappeared completely.

Fourth step: extubation or tracheostomy

We performed extubation if the SBT was successful and the
cuff leak test was negative. Noninvasive ventilation (NIV)
was not used after scheduled extubation. We used a large-vol-
ume nebulization-based humidifier or high-flow nasal cannula
first, followed by NIV as needed. Of note, we had previously
found no significant difference in the reintubation rate accord-
ing to whether or not a large-volume nebulization-based
humidifier or high-flow nasal cannula was used.13

We did not perform early tracheostomy. The enrolled
patients underwent tracheostomy only when the duration of
MV was actually prolonged.

Types of weaning failure

We classified weaning failure as airway failure, respiratory
failure, or other. Airway failure was also classified as poor
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airway clearance, laryngeal edema, or a positive cuff leak
test. Poor airway clearance was defined as obstruction of the
tracheal tube by excessive trachea-bronchial secretions or
sudden exacerbation of respiratory failure in the inability to
clear secretions. Respiratory failure included oxygenation
failure and ventilatory failure not due to airway failure.

Sample size and statistical analysis

Based on previous studies,7,8 we estimated that the differ-
ence in the duration of MV between frail and nonfrail
patients would be 2 � 3 days. We speculated that the num-
ber of patients in each group differed by up to threefold.
Therefore, we calculated a required sample size of 96
patients using R version 3.4.1 and SAS version 9.4 software.
We defined the study period as 41 months from August 1,
2015, because we started extubation according to the recom-
mended protocol11 from that date.

We used Fisher’s exact test for categorical variables, the
Mann–Whitney U test for continuous variables, and Gray’s
test for cumulative incidence of successful weaning or death
when performing between-group comparisons. We also used
a multiple regression analysis or the Fine and Gray multi-
variate regression model for multivariate analysis of the
duration of MV and successful weaning. We selected age,
sex, BMI, SOFA score, and use of a vasopressor as covari-
ables in these analyses. In addition, because this study was
retrospective, BMI data were missing in some patients. The

values for missing data were imputed using multiple regres-
sion with age, sex, and presence/absence of frailty.

RESULTS

IN TOTAL, 99 patients (frail, n = 67; not frail, n = 32)
were enrolled in the study (Fig. 1). There were more patients

with a medical history of neurologic disease, such as stroke or
Parkinson’s disease, in the frail group. In four patients, the ini-
tially administered antibiotics were ineffective against the patho-
genic microorganism. There was no significant between-group
difference in the distribution of BMI (Table 1). None of the
patients had missing data except for BMI.

The duration of MV was significantly longer (P < 0.01)
in the frail patients than in the nonfrail patients (Table 2). In
multivariate analysis, frailty was independently associated
with duration of MV (regression coefficient 17.97, 95% con-
fidence interval [CI] 1.77–34.17; Table 3). Similar results
were shown in post-hoc analysis of the original definition of
frail (CFS ≥ 5; Table S1) and in that with the addition of
appropriate antibiotic use as covariates (Table S2–S4).

In terms of secondary outcomes, there was no significant
between-group difference in the rate of successful weaning
(60% versus 78%, odds ratio 0.42, 95% CI 0.13–1.18).
However, successful weaning took significantly longer in
the frail group (Fig. 2) and frailty was an independent risk
factor for successful weaning in the Fine and Gray multivari-
ate regression model (adjusted hazard ratio 0.60, 95% CI

Fig. 1. Flowchart of participants. Successful weaning was defined as no requirement for reintubation and no mortality within 7 days

of attempted extubation. Mechanical ventilation excluded noninvasive mechanical ventilation. Sepsis was defined as infection with an

acute change in sequential organ failure assessment score of 2 or more. ICU, intensive care unit; SW, successful weaning.
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Table 1. Background of participants

Participant demographics Frail, n = 67 Not frail, n = 32 P value†

Age (years), median [25%, 75%] 78 [72, 86] 75 [63, 84] 0.06

Male, n (%) 42 (66) 25 (78) 0.17

BMI (kg/m2), median [25%, 75%] 20.4 [18.2, 23.4] 21.4 [18.4, 24.2] 0.62

BMI ≥ 25 kg/m2, n (%) 7 (10) 6 (19) 0.34

BMI ≤ 18.5 kg/m2, n (%) 20 (30) 8 (25) 0.81

SOFA score, median [25%, 75%] 10 [8, 12] 9 [7, 12] 0.78

Vasopressor use, n (%) 54 (81) 24 (75) 0.60

Septic shock, n (%) 46 (69) 21 (66) 0.82

Serum lactate (mmol/L median) [25%, 75%] 4.4 [2.5, 7.2] 4.6 [2.5, 5.9] 0.53

Site of infection, n (%)

Respiratory 51 (76) 18 (56) 0.23

Urinary 8 (12) 6 (19)

Abdomen 1 (1) 0 (0)

Soft tissue 2 (3) 2 (6)

Other 5 (7) 6 (19)

Medical history, n (%)

Chronic respiratory disease 13 (19) 2 (6) 0.13

Chronic heart disease 17 (25) 6 (19) 0.61

Neurologic disease 19 (28) 3 (9) 0.04

Collagen disease 4 (6) 1 (3) >0.99
Kidney disease 6 (9) 2 (6) >0.99
Diabetes 11 (16) 6 (19) 0.78

Hypertension 19 (28) 10 (31) 0.82

Malignancy 13 (19) 4 (13) 0.57

Pathogenic microorganisms, n (%)

Gram positive 12 (18) 12 (38) 0.053

Gram negative 35 (52) 13 (41)

Multiple 14 (21) 2 (6)

Other 6 (9) 5 (16)

Bacteremia, n (%) 23 (34) 16 (50) 0.19

Respiratory status

PaO2/FiO2 (mmHg), median [25%, 75%] 140 [101, 202] 147 [111, 182] 0.97

pH, median [25%, 75%] 7.28 [7.17, 7.37] 7.33 [7.28, 7.39] 0.09

Lowest PaCO2 (mmHg), median [25%, 75%] 31 [27, 43] 30 [27, 36] 0.35

Highest PaCO2 (mmHg), median [25%, 75%] 43 [35, 61] 42 [37, 49] 0.15

PaCO2 > 45 mmHg, n (%) 30 (45) 9 (28) 0.13

PEEP (cmH2O) median [25%, 75%] 8 [6, 12] 8 [7, 10] 0.53

Treatments

Fluid volume within the first 24 h (mL), median [25%, 75%] 6,940 [3,910, 9,880] 8,475 [5,230, 10,988] 0.29

Adequate use of antibiotics, n (%) 65 (97) 30 (94) 0.59

Use of corticosteroids for any reason, n (%) 32 (48) 17 (53) 0.67

Use for distributive shock, n (%) 17 (25) 10 (31) 0.63

Use for ARDS, n (%) 6 (9) 4 (13) >0.72
Use for exacerbation of COPD, n (%) 1 (1) 0 (0) >0.99
Use for suspected laryngeal edema, n (%) 12 (18) 4 (13) 0.57

ARDS, acute respiratory distress syndrome; BMI, body mass index; COPD, chronic obstructive pulmonary disease; FiO2, fraction of inspira-

tory oxygen; PaCO2, partial pressure of arterial carbon dioxide; PaO2, partial pressure of arterial oxygen; PEEP, positive end-expiratory

pressure; SOFA, Sequential Organ Failure Assessment.
†We used Fisher’s exact test as categorical variables and Mann–Whitney U test as continuous variables.
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0.36–1.00; Table 3). Because an early tracheostomy was not
performed, there was no difference in the cumulative inci-
dence of successful weaning in subgroups of patients who
did not undergo tracheostomy in both groups (Fig. S1).
Although tracheostomy was performed more often in the
frail group (33% versus 9%, P = 0.01), there was no differ-
ence in the reintubation rate in patients with attempted extu-
bation (22% versus 22%, P > 0.99; Table 2).

Respiratory failure was the most frequent type of weaning
failure in the frail group. Ventilatory failure tended to be
common in frail patients, while airway failure was common
in both groups (Table 4).

DISCUSSION

IN THIS STUDY, we evaluated only patients with sepsis
requiring MV for whom protocol-based weaning was per-

formed. Furthermore, because we defined and described
each step of the weaning process as well as the type of
weaning failure, we could highlight the problems encoun-
tered with MV in frail patients with sepsis even among the
small number of patients enrolled.

We found an association between frailty and difficult lib-
eration from MV in patients with sepsis. There was no

significant difference in the duration of the first SA between
the groups. Our experience was that frail patients tended to
take longer to wean in the SBT phase. Interestingly, the rein-
tubation rate was almost the same in the two groups, sug-
gesting that our SBT criteria need not be determined by
frailty. We believe that the cut-off values for physiological
parameters in terms of SBT are reliable, even in frail
patients. There was no significant between-group difference
in terms of in-hospital mortality; however, the relative risk
of in-hospital mortality and the likelihood of discharge to
home in the frail patients were similar to the findings of a
previous study.4

Our findings indicate that the main problem during wean-
ing in frail patients may be at the SBT stage and that we
should focus on pre-extubation rather than postextubation
treatments. We also found that ventilatory failure was more
common in frail patients. Ventilatory failure is caused not
only by pulmonary pathology but also by systemic factors,
such as respiratory muscle atrophy or respiratory depression
at a neural level. For example, an association has been
demonstrated between diaphragmatic dysfunction and
delayed weaning.14 Frailty is the result of muscle weakness
and sarcopenia and therefore frail patients are more likely to
have diaphragmatic weakness. Accordingly, we believe that

Table 2. Univariate analysis

Main outcome Frail

n = 67

Not frail

n = 32

P value†

Duration of MV (days), median [25%, 75%] <0.01
In all patients 8 [6, 19] 5 [3, 9] 0.10

In patients who tracheostomy performed 7 [4, 8] 5 [3, 7] 0.90

In patients who tracheostomy did not performed 23 [18, 46] 22 [21, 31]

Secondary outcomes Frail

n = 67

Not frail

n = 32

Odds ratio (95% CI) P value†

In-hospital death, n (%) 18 (27) 6 (19) 1.58 (0.52-5.49) 0.46

CFS 1–3 6/32 (19)

CFS 4 8/29 (28)

CFS 5–6 7/30 (23)

CFS 7–8 3/8 (38)

Discharge to home, n (%) 12 (18) 13 (41) 0.32 (0.11-0.91) 0.02

Successful weaning, n (%) 40 (60) 25 (78) 0.42 (0.13-1.18) 0.11

Nonweaning, n (%) 12 (18) 5 (16) 1.18 (0.34-4.71) >0.99
Duration until the first SA (days), median [25%, 75%] 6 [4, 8] 5 [3, 7] 0.27

Reintubation rate in attempted extubation only, n (%) 11 (22) 6 (22) 1.01 (0.29-3.84) >0.99
Tracheostomy, n (%) 22 (33) 3 (9) 4.66 (1.23-26.51) 0.01

CFS, Clinical Frailty Scale; CI, confidence interval; MV, mechanical ventilation; SA, separation attempt.
†We used Fisher’s exact test as categorical variables and Mann–Whitney U test as continuous variables.
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Table 3. Multivariate analysis of duration of mechanical ventilation and successful weaning

Variables Regression

coefficient

95% confidence interval t value P value†

Duration of mechanical ventilation

Age �0.80 �1.31 to �0.28 �3.09 <0.01
Female 5.98 �10.06 to 22.02 0.74 0.46

BMI �0.26 -2.30 to 1.78 �0.26 0.80

Frailty 17.97 1.77 to 34.17 2.20 0.03

SOFA score �1.16 �4.08 to 1.76 �0.79 0.43

Vasopressor use 16.60 �9.25 to 42.46 1.28 0.21

Variables Hazard

ratio

95% confidence

interval

P value‡

Successful weaning

Age 1.00 0.98 to 1.01 0.69

Female 1.00 0.58 to 1.71 0.99

BMI 1.01 0.94 to 1.07 0.89

Frailty 0.60 0.36 to 1.00 0.048

SOFA score 0.97 0.89 to 1.06 0.50

Vasopressor use 1.00 0.42 to 2.37 0.99

Multivariate results were adjusted by age, sex, SOFA score, and vasopressor use. The value of missing data was imputed by the multiple

regression model using age, sex, and presence/absence of frailty.
BMI, body mass index; SOFA, Sequential Organ Failure Assessment.
†Multiple regression analysis.
‡Fine and Gray multivariate regression model. Death before attempting extubation was a competitive event for successful weaning.

Fig. 2. Cumulative incidence of successful weaning or death before attempted extubation. The two lines represent the cumulative

incidence of successful weaning competing with death before attempted extubation. Successful weaning was defined as no require-

ment for reintubation and no mortality within 7 days of attempting extubation.
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there should be more emphasis on systemic interventions in
frail patients, including nutritional support and early mobi-
lization. NIV-based extubation methods may also be useful.
In this study, there was no increase in airway problems
among frail patients at high risk for NIV. Thille et al.
recently reported that a combination of NIV and a high-flow
nasal cannula was beneficial after extubation in high-risk
patients, namely, those who were elderly or those who had
chronic respiratory or heart disease.15 Vaschetto et al. also
reported that an aggressive weaning protocol that included
NIV reduced the duration of invasive MV.16 However,
another group of investigators reported negative results
using a similar treatment approach.17 Therefore, the benefits
of this strategy remain controversial. Undoubtedly, treat-
ment options should be carefully considered for patients sus-
pected to be approaching end of life. Nevertheless, 60% of
the frail patients in our study were successfully extubated.
Not all frail patients with sepsis have a poor outcome, such
as permanent MV.

Our study has several limitations. First, the duration of
MV may be affected by high mortality or timing of tra-
cheostomy. In our hospital, tracheostomy was performed at
the discretion of the attending physician. Therefore, we eval-
uated not only the duration of MV but also the timing of
successful weaning to determine if there was an association
between frailty and prolonged MV. Second, because of the
small number of patients enrolled, we included prefrail
patients (CFS score = 4) in the frail group. In this study, pre-
frail patients had a mortality rate more similar to that of frail
patients than to that of fit patients. Multivariate analysis with

prefrail patients included in the fit group also showed that
frailty tended to be associated with prolonged MV, but the
hazard ratio was not significant. We believe this classifica-
tion was reasonable, but it needs to be validated. Third,
treatment during resuscitation, especially the volume of fluid
replacement, may have affected the duration of MV. How-
ever, due to the retrospective nature of this study, we could
not collect enough data to include it as a covariate in multi-
variate analysis. Finally, it was not possible to precisely
define the type of weaning failure. In particular, it was often
difficult to evaluate the specific abnormality in airway fail-
ure. This may have been influenced by the judgement of the
attending physician or medical records.

CONCLUSIONS

IN THIS STUDY, frailty was independently associated
with a longer duration of MV in patients with sepsis who

underwent protocol-based weaning. During the weaning
process, frail patients were more likely to fail the SBT than
nonfrail patients, but the risk after extubation was similar.
This study also suggests that frail patients are more difficult
to wean from MV than nonfrail patients, not because of
increased airway failure, but because of increased ventila-
tory failure.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

Fig. S1. Cumulative incidence of successful weaning or
death before attempted extubation in a subgroup of patients
who did not undergo tracheostomy. The two lines represent
the cumulative incidence of successful weaning competing
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with death before attempted extubation. Successful weaning
was defined as no requirement for reintubation and no mor-
tality within 7 days of attempting extubation. Enrolled
patients underwent tracheostomy only when the duration of
mechanical ventilation was actually prolonged.
Table S1. Multivariate analysis of duration of mechanical
ventilation and successful weaning. Multivariate results
were adjusted by age, sex, SOFA score and vasopressor use.
The value of missing data was imputed by multiple regres-
sion model using age, sex, and CFS ≥ 5. SOFA, Sequential
Organ Failure Assessment; BMI, body mass index. *Multi-
ple regression analysis. **Fine and Gray multivariate regres-
sion model. Death before attempting extubation was a
competitive event for successful weaning.
Table S2. Univariate analysis of duration of mechanical
ventilation. BMI, body mass index; SOFA, Sequential
Organ Failure Assessment; PaO2, partial pressure of arterial
oxygen; FiO2, fraction of inspiratory oxygen; PaCO2, partial
pressure of arterial carbon dioxide; PEEP, Positive end-expi-
ratory pressure. *We used simple regression analysis.

Table S3. Univariate analysis of duration of successful
weaning. BMI, body mass index; SOFA, Sequential Organ
Failure Assessment; PaO2, partial pressure of arterial oxy-
gen; FiO2, fraction of inspiratory oxygen; PaCO2, partial
pressure of arterial carbon dioxide; PEEP, Positive end-expi-
ratory pressure. * we used Fine and Gray multivariate
regression model. Death before attempting extubation was a
competitive event for successful weaning.
Table S4. Post-hoc analysis of duration of mechanical venti-
lation and successful weaning. Multivariate results were
adjusted by age, sex, SOFA score and vasopressor use. The
value of missing data was imputed by multiple regression
model using age, sex, and presence/absence of frailty.
SOFA, Sequential Organ Failure Assessment; BMI, body
mass index. *Multiple regression analysis. **Fine and Gray
multivariate regression model. Death before attempting
extubation was a competitive event for successful weaning.
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