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Background: The purpose of this study was to evaluate the extubation process in bed-ridden 

elderly intensive care patients receiving inspiratory muscle training (IMT) and identify predictors 

of successful weaning.

Methods: Twenty-eight elderly intubated patients in an intensive care unit were randomly 

assigned to an experimental group (n = 14) that received conventional physiotherapy plus IMT 

with a Threshold IMT® device or to a control group (n = 14) that received only conventional 

physiotherapy. The experimental protocol for muscle training consisted of an initial load of 

30% maximum inspiratory pressure, which was increased by 10% daily. The training was 

administered for 5 minutes, twice daily, 7 days a week, with supplemental oxygen from the 

beginning of weaning until extubation. Successful extubation was defined by the ventilation 

time measurement with noninvasive positive pressure. A vacuum manometer was used for 

measurement of maximum inspiratory pressure, and the patients’ Tobin index values were 

measured using a ventilometer.

Results: The maximum inspiratory pressure increased significantly (by 7  cm H
2
O, 95% 

confidence interval [CI] 4–10), and the Tobin index decreased significantly (by 16 breaths/

min/L, 95% CI −26 to 6) in the experimental group compared with the control group. The 

Chi-squared distribution did not indicate a significant difference in weaning success between 

the groups (χ2 = 1.47; P = 0.20). However, a comparison of noninvasive positive pressure time 

dependence indicated a significantly lower value for the experimental group (P = 0.0001; 95% 

CI 13.08–18.06). The receiver-operating characteristic curve showed an area beneath the curve 

of 0.877 ± 0.06 for the Tobin index and 0.845 ± 0.07 for maximum inspiratory pressure.

Conclusion: The IMT intervention significantly increased maximum inspiratory pressure 

and significantly reduced the Tobin index; both measures are considered to be good extuba-

tion indices. IMT was associated with a reduction in noninvasive positive pressure time in the 

experimental group.
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Introduction
Maximum respiratory system function is reached between the ages of approximately 

20 and 25 years. As people age, there is a gradual reduction in pulmonary perfor-

mance, and in elderly people these physiological alterations can seriously impact 

cardiorespiratory functional reserve.1 In addition, respiratory muscle strength is also 

affected by poor nutrition and sarcopenia, both of which are associated with aging 

and bedridden patients.2–4

In 20%–25% of cases, patients have difficulty in discontinuing the use of mechani-

cal ventilation.5 Weaning begins with the reduction of ventilatory support, at which 
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point the patients become capable of some independent 

ventilation, and ends with removal of the patient from 

mechanical ventilation, including extubation (removal of 

the endotracheal tube).6,7

Numerous indices have been utilized to predict the suc-

cess of interruption of ventilatory and extubation following 

mechanical ventilation. These different indices reflect the 

mechanics of respiration, ie, pulmonary gas exchange, 

respiratory control, and functioning of the respiratory 

musculature.8 Although there are a variety of predictors, 

Vallverdú et  al9 observed that the Tobin index and maxi-

mum inspiratory pressure are good predictors of weaning 

success. A common finding in patients who fail weaning and 

extubation is a raised Tobin index (respiratory frequency/

vital capacity, in liters).10 Currently, maximum inspiratory 

pressure is used to evaluate the strength of the inspiratory 

musculature.11

Chronic dependence on mechanical ventilation is not only 

a major medical problem,2 but also produces extreme discom-

fort for patients, with important physiological complications 

and negative social implications and restrictions.12 Therefore, 

some investigators have suggested use of inspiratory muscle 

training (IMT) to reduce respiratory muscle fatigue13 and 

facilitate weaning from mechanical ventilation.14 However, 

these studies have only involved tracheostomized patients. 

This study aimed to evaluate the extubation process in bed-

ridden elderly patients receiving IMT and correlate successful 

predictors of weaning.

Materials and methods
Sample
A randomized trial was conducted with participants from the 

intensive care unit of a single hospital in Brazil. After con-

firming their eligibility and baseline measurements, the par-

ticipants were randomly allocated to either an experimental 

group or a control group. The enrolling investigator contacted 

another investigator to request participant allocation from a 

concealed list of random allocations that had been generated 

by drawing numbers from a bag. This other investigator was 

not otherwise involved in the study.

During the recruitment period, 198 patients were 

screened, and 67 were eligible and monitored daily to assess 

their readiness to begin weaning. Of these 67 patients, 

20 were tracheostomized, five died, and one was transferred 

to another center before weaning began. The remaining 41 

were randomized, with 21 assigned to the experimental group 

and 20 to the control group. However, four participants 

in each group died before extubation. Three participants 

in the experimental group and two in the control group 

were tracheostomized before extubation. The experimental 

group (n  =  14, age 82  ±  4 years, mechanical ventilation 

period 10 days) underwent conventional physiotherapy plus 

IMT with a Threshold IMT® device (Philips Respironics, 

Murrysville, PA), and the control group (n  =  14, age 

81 ± 6 years, mechanical ventilation period 11 days) received 

only conventional physiotherapy that favored inspiratory 

muscle strengthening.

To be included, the sample participants were required to 

have undergone mechanical ventilation for at least 48 hours 

in a controlled manner,13 because intubation is diagnostic for 

acute respiratory injury type 1 and has a maximum inspiratory 

pressure value of −20 cm H
2
O.15

Patients were excluded if they had any type of acute 

condition (eg, cardiac arrhythmia) or chronic condition 

(eg, insufficient congestive heart failure) that could com-

promise weaning or impede the inspiratory muscle training 

(neuropathy, myopathy). Tracheostomized patients (in the 

pretest), patients with neurological problems (cerebral vascu-

lar accident, cerebrospinal trauma, spinal medullar trauma), 

morbidly obese patients, patients receiving medicine that 

could cause attention disorders, and cases of autoextubation 

were also excluded. The inclusion and exclusion criteria 

were evaluated via examination of the patients’ medical 

records and daily physical examination. Informed consent 

was obtained from the patients’ representatives, and the 

experimental procedures were conducted in accordance with 

the 1975 Declaration of Helsinki.16 This study was submit-

ted to and approved by the Committee of Ethics in Research 

Involving Human Beings of the Euro-American Network of 

Human Kinetics (protocol number 005/2007). This trial is 

registered at ClinicalTrials.gov as NCT00922493.

Procedures
The evaluation procedures used during pretesting (the 

first day that the patient initiated ventilation with support 

pressure) and post-testing (before extubation) were maximum 

inspiratory pressure and the Tobin index (rate of breath/tidal 

volume in liters). The outcomes were measured or recorded 

by physiotherapists in the intensive care unit.

Maximum inspiratory pressure measurements
Before training, it was necessary to evaluate maximum 

inspiratory pressure using a vacuum manometer (Critical 

Care, US, Rio de Janeiro, Brazil). Marini et al17 suggested an 

evaluation method that requires little contribution from the 

patient. The equipment is attached to the orotracheal tube via 
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a connector with an expiratory unidirectional valve, which 

means there is no resistance in the patient’s expiration. There-

fore, the individual is obliged to make an inspiratory effort 

to start the respiratory cycle, at which point the maximum 

inspiratory pressure is measured. An evaluation duration 

of 25 seconds produces the best results.18 The patients are 

placed in a dorsal decubitus position with the backrest raised 

45 degrees.19 The maximum inspiratory pressure cutoff point 

to be considered for study purposes is −20 cm H
2
O.20

Measurement of rapid shallow breathing
A Mark 8 mechanical ventilometer was used (DHD Medical 

Products, Brooklyn, NY) to calculate the Tobin index. First, 

the patient was disconnected from the ventilatory prosthesis. 

Next, the ventilometer was attached to the connecting piece 

of tube; for one minute, the patient was allowed to breathe 

spontaneously,15 and the current volume and respiratory 

frequency were measured. For the purposes of the study, the 

Tobin index cutoff point was 100 ipm/L.21 Inspiratory muscle 

training was conducted on the first day that the patient initi-

ated spontaneous ventilation and continued until the moment 

before extubation.

Threshold IMT inspiratory muscle training protocol
After maximum inspiratory pressure was measured, inspira-

tory muscle training was initiated. The Threshold-IMT device 

generates a linear pressure load that produces resistance to 

inspiration through use of a flow-independent one-way valve. 

The suggested protocol is as follows: an initial load of 30% 

of the maximum inspiratory pressure, increasing daily by 

10%, with training for 5 minutes, twice a day, 7 days a week, 

from the beginning of mechanical ventilation weaning until 

extubation of the patient.22 An essential factor is the use of 

supplemental oxygen as needed by the patient.

The training was interrupted when respiratory insuf-

ficiency and/or hemodynamic instability was observed 

with any of the following: respiratory frequency $ 35 ipm 

(or higher than 50% of the initial value); SpO
2
  ,  90%; 

systolic pressure  .  180  mmHg or  ,80  mmHg and 

tachycardia  .  140 beats per minute or 20% higher than 

the initial measurement; paradoxical breathing; agitation; 

depression; hemoptysis; and arrhythmia and/or sweating.23 

If any of the above clinical signs were observed, the next 

training session did not involve an additional load. Instead, 

the training was conducted at the previous level.

The control group followed the protocol of conventional 

physiotherapy with a reduction in support pressure to 8 cm 

H
2
O, but without any specific training to strengthen the 

respiratory musculature. The conventional physiotherapy 

intervention included passive-assisted to active-assisted 

mobilization of the limbs, chest compression, decompres-

sion traction chest, aspiration of the endotracheal tube, and 

positioning. Physiotherapy was performed for an average 

duration of 15 minutes, with the intensity varying according 

to patient cooperation and vital signs.

For extubation, patients were required to satisfy the 

following conditions: improvement in the underlying etiology 

that resulted in respiratory insufficiency, a cough reflex, hemo-

dynamic stability, nonfebrile (body temperature # 38°C), no 

vasoactive drug use (with the exception of dopamine 5 mg/kg 

per minute), stable electrolyte levels (mainly calcium, mag-

nesium, and phosphate) and a normal radiological evaluation 

(without pneumothorax, congestion, large pleural effusion, or 

atelectasis). In addition, mechanical ventilation and blood gas 

analyses were required to fall within the following parameters: 

7.30 , pH , 7.60 and PaCO
2
 , 60 mmHg,24 inspired fraction 

of O
2
 (FiO

2
) #40%, and PaO

2
/FiO

2
 ratio $ 200.25,26

The patient had to present without signs or parameters 

of ventilatory discomfort, such as paradoxical breath-

ing, utilization of accessory musculature, respiratory 

frequency $ 35 ipm (or 50% increase), and sweating.

The protocol for extubation was as follows. The support 

pressure was reduced to 8 cm H
2
O, ensuring that a minimum 

volume of 6  mL/kg was maintained. Next, a T-tube was 

utilized for 30 minutes.27 Extubation was considered a fail-

ure if the patient returned to mechanical ventilation within 

48 hours19 or required a tracheostomy.

Statistical analysis
Descriptive statistics, including average and standard 

deviation, were calculated. The normality of the sample 

was evaluated with the Shapiro-Wilk test. A kappa test was 

used to evaluate agreement between the evaluators. A 2 × 2 

analysis of variance test was used to compare within groups 

and between groups, and this was followed by a post-hoc 

Tukey’s test to identify any possible differences. A Student’s 

t-test was performed to compare permanence times for 

the noninvasive positive pressure after extubation. A Chi-

square distribution analysis was used to evaluate extubation. 

Sensitivity and specificity were calculated to evaluate the 

weaning prediction power of the analyzed variables. In 

addition, the receiver-operating characteristic (ROC) curve 

was calculated and plotted. The area below the ROC curve 

for each variable summarizes the performance of each index 

in predicting weaning. The statistical significance level 

adopted was P , 0.05.
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Results
The baseline characteristics of the two groups are shown 

in Table 1. Weaning predictor data are presented with the 

descriptive statistics in Table 2. After the pretest and post-test 

predictor group results (for maximum inspiratory pressure 

and Tobin index) were compared, the 2 × 2 analysis of vari-

ance test indicated significant differences in both variables 

(P , 0.05). As shown in Table 2, there was a significant and 

unsatisfactory increase in Tobin index for the control group 

(95% confidence interval [CI] −4.47 to −24.44, P = 0.002) 

and a satisfactory increase in maximum inspiratory pressure 

in the experimental group (95% CI 7.09–12.62, P = 0.001). 

The post-test indicated a significant reduction in Tobin index 

(95% CI −26.23 to −6.05, P = 0.001) and a significant increase 

in maximum inspiratory pressure (95% CI 4.67–10.19, 

P = 0.001) when compared with the control group. A kappa 

test value of 0.68  suggested good inter-rater reliability. 

Analysis of the extubation results is shown in Figure 1.

The Chi-squared distribution test detected no signifi-

cant difference in extubation success between the groups 

(χ2 = 1.47; P = 0.20), although shorter weaning times were 

noted in the experimental group (3.64 ±  1.50 days) com-

pared with the control group (5.36 ± 1.87 days). However, 

hospital protocol required reduced ventilation in patients 

who underwent noninvasive positive pressure after extuba-

tion because the procedure is unfavorable for reintubation. 

Figure  2  shows a comparison of the noninvasive positive 

pressure time dependence in each group. Note that the 

experimental group had reduced dependence on noninvasive 

positive pressure compared with the control group (95% CI 

13.08–18.06, P = 0.0001).

An ROC sensitivity and specificity curve was used to 

evaluate and compare the weaning predictors with data 

regarding actual successful extubation. The ROC curve for 

the Tobin index (Figure 3) had an area below the curve of 

0.877 ± 0.06. The sensitivity and the specificity of the Tobin 

index was 1.00 and 0.36, respectively. Sensitivity and speci-

ficity as determined by the ROC curve as shown in Figure 4. 

The curve indicated a sensitivity of 0.86 and a specificity of 

0.72. The area below the curve was 0.845 ± 0.07.

Discussion
Lack of blinding was a limitation of this study. However, 

informed consent was provided by the relatives of these criti-

cally ill patients, so the potential for placebo and Hawthorne 

effects was reduced. Although we screened 198 patients in 

the intensive care unit, a large number of these critically ill 

patients died or were tracheostomized before or after com-

mencement of weaning. This pattern is typical of inspiratory 

muscle training research in intensive care settings.13,19 As a 

result, another limitation of the study was its sample size. In 

addition, inclusion of 10 participants allowed an 80% prob-

ability of detecting a difference of 10 cm H
2
O in maximal 

inspiratory pressure at a two-sided 5% significance level. We 

anticipated that a substantial proportion of these critically ill 
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Figure 1 Evaluation of extubation.
Abbreviations: EG, experimental group; CG, control group.

Table 1 Baseline characteristics of patients in the study

  Experimental group 
(n = 14)

Control group 
(n = 14)

Age, years 82 (SD 4) 81 (SD 6)
Gender
Male 6 (42.86%) 7 (50.00%)
Female 8 (57.14%) 7 (50.00%)
Weight, kg 68 (SD 4.2) 66 (SD 5.9)
OTT (n)
7.0 2 (14.28%) 1 (7.14%)
7.5 8 (57.15%) 7 (50.00%)
8.0 8 (57.15%) 7 (50.00%)
APACHE II, score 19 (SD 8) 20 (SD 6)
Causes of ARF
Postoperative 2 (14.28%) 1 (7.14%)
Pneumonia 8 (57.15%) 7 (50.00%)
Aspiration 3 (21.43%) 4 (28.58%)
Trauma 0 (0.00%) 1 (7.14%)
Sepsis 1 (7.14%) 1 (7.14%)

Abbreviations: OTT, orotracheal tube; APACHE, Acute Physiology and Chronic 
Health Evaluation; ARF, acute respiratory failure; SD, standard deviation.

Table 2 Results of descriptive statistics and inferential analysis of 
predictors of weaning

Pretest Post-test

TI

  EG 73.64 ± 8.8 79.71 ± 11.21†

  CG   81.5 ± 6.9 95.86 ± 12.40*
MIP
  EG 15.14 ± 2.57 25.00 ± 3.90*,†

  CG 15.29 ± 2.16 17.57 ± 1.95

Notes: *P , 0.05, pretest versus post-test; †P , 0.05; post-test EG versus pretest.
Abbreviations: TI, Tobin index (ipm/L); MIP, maximum inspiratory pressure 
(cm H2O); CG, control group; EG, experimental group.
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participants would die or receive a tracheostomy, and thus 

be disqualified from inclusion in our study. Therefore, we 

increased the sample recruited to 20 to account for possible 

loss of participants. Therefore, recruitment of 20 participants 

ensured that the study was adequately powered.

In a study of ventilated patients, Caruso et al28 did not find 

that ventilator manipulations provided an effective training 

stimulus for inspiratory muscles. In contrast, two recent ran-

domized trials demonstrated favorable results with IMT using 

a removable threshold device. The first study22 examined 

IMT in 28 ventilated patients aged 70 years and older and 

found that a twice-daily 5-minute training regimen beginning 

at an intensity of 30% of maximum significantly increased 

the inspiratory muscle strength (mean difference in maxi-

mum inspiratory pressure of 7.6 cm H
2
O, 95% CI 5.8–9.4) 

and a reduction in the weaning period (mean difference of 

1.7 days, 95% CI 0.4–3.0). The second study29 investigated 

IMT in 69 patients who had failed on conventional weaning 

methods. These researchers used a high-intensity interval 

training strategy (ie, four sets of 6–10 breaths) using the high-

est tolerated resistance. In the IMT group, mean inspiratory 

muscle strength increased from 44.4–54.1 cm H
2
O, whereas 

no significant difference was detectable in the sham training 

group. The training strategies of the two aforementioned stud-

ies involved the same training logistics as those in the present 

study in that they also centered on high-intensity loads. These 

studies were the focus of a recent systematic review.30

Although the results regarding the success of extubation 

were satisfactory in the present study, the measurements were 

not significantly different when compared with the control 

group (Figure 1). However, hospital protocol required that all 

patients utilize noninvasive positive pressure after extubation, 

which contributes to airway stabilization and aids in prevent-

ing reintubation of patients who might have had extubation 

issues, as described in the literature31,32 (Figure 2).

Limited information is available concerning respira-

tory muscle training for patients with difficulty weaning,23 

although some studies describe the contributions of IMT 

during mechanical ventilation.13,14 Chang et al33 observed a 

post-weaning reduction in the inspiratory muscle strength of 

patients who had undergone a lengthy period of mechanical 

ventilation. These results are in agreement with those for the 

control group, as shown in Table 2.

Figure 3 shows that the Tobin index has high sensitivity 

and low specificity, which is in agreement with a study by 

Yang and Tobin,15 who observed that the Tobin index has 
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a sensitivity of 0.97 and a specificity of 0.64. Utilizing a 

cutoff of −17 cm H
2
O for maximum inspiratory pressure, 

Conti et al23 found a sensitivity of up to 0.95 and a specific-

ity of 0.42. Although the cutoff value is not identical to the 

one used in our study (−20  cm H
2
O), the sensitivity and 

specificity values for maximum inspiratory pressure showed 

the same trend as those shown in Figure 4 (high sensitivity 

and low specificity). However, as previously mentioned, the 

low specificity values also justify use of noninvasive positive 

pressure ventilation.

Conclusion
From our study sample, it can be inferred that inspiratory 

muscle training contributed to a significant increase in maxi-

mum inspiratory pressure (both within groups and between 

groups) and a reduction in Tobin index (within groups). 

These variables are considered good weaning predictors, and 

their related ROC curves indicate that IMT was associated 

with reduction in noninvasive positive pressure time in the 

experimental group.

Disclosure
The authors report no conflicts of interest in this work.
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