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BACKGROUND: Prolonged ventilatory weaning may expose patients to unnecessary discomfort,

increase the risk of complications, and raise the costs of hospital treatment. In this scenario,

indexes that reliably predict successful liberation can be helpful. OBJECTIVE: To evaluate the

intra- and interobserver reproducibility of the timed inspiratory effort index as a weaning

predictor. METHODS: This prospective observational study included subjects judged as able to

start liberation from mechanical ventilation. For the intra-observer analysis, the same investigator

performed 2 measurements in each selected patient with an interval of 30 min a rest. For interob-

server analysis, 2 measurements were obtained in another sample of subjects, also with an interval

of 30 min rest, but each of one performed by a different investigator. The Bland-Altman diagram,

the coefficient concordance of kappa, and the Pearson correlation coefficient were used to compare

the measurements. The performance of the timed inspiratory effort index was assessed by receiver

operating characteristic curves. Values of P < .05 were considered significant. RESULTS: We

selected 113 subjects (43 males; mean 6 SD age, 77 6 14 y). Fifty-six (49.6%) achieved successful

liberation, and 33 (29%) died in the ICU. The mean 6 SD duration of mechanical ventilation was

14.4 6 6.7 d. The Bland-Altman diagrams that addressed intra- and interobservers agreement

showed low variability between measurements. Values of the concordance coefficients of kappa

were 0.82 (0.68–0.95) and 0.80 (0.65–0.94), and of the linear correlation coefficients, 0.86 (0.77–0.91)

and 0.89 (0.82–0.93) for the intra- and interobservers measurements, respectively. The mean 6 SD

values for the area under the curve for each pair of the intra- and interobserver measurements

were 0.96 6 0.07 versus 0.94 6 0.07 (P 5 .41) and 0.94 6 0.05 versus 0.90 6 0.07 (P 5 .14),

respectively. CONCLUSIONS: The variability of the measurement of the timed inspiratory effort

index by intra- and interobservers showed very high reproducibility, which reinforced the index

as a sensible, accurate, and reliable outcome predictor of liberation from mechanical ventilation.
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Introduction

Mechanical ventilation is an essential therapy for patients

with acute respiratory failure. Weaning is the process of

transition from mechanical ventilation to spontaneous

breathing in patients who remained on mechanical venti-

lation for $24 h.1,2 It should be emphasized that the

withdrawal of the patient from mechanical ventilation

may be more difficult than maintenance. Some researchers

describe weaning as an obscure area of intensive care and
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comment that, even with specialists, this stage of ventila-

tory care can be considered a mixture of art and science.2-4

The use of mechanical ventilation can cause ventilator-

induced diaphragm dysfunction and generate changes in

muscle structure and contractility, which results in reduced

respiratory muscle strength, a process that can start as early

as 18 h after mechanical ventilation.5-7 Many researchers

agree that the ventilator-induced diaphragm dysfunction

can prolong weaning and is associated with an increased

ICU stay and with hospital mortality.6,8-11 In this regard,

indexes that could evaluate for the presence of ventilator-

induced diaphragm dysfunction and reliably predict a suc-

cessful weaning would be helpful. The maximum inspira-

tory pressure (PImax) was the first respiratory index

described in the literature as a predictor of ventilatory liber-

ation. Perhaps due to the lack of standardization in its mea-

surement, the performance of PImax as a weaning predictor

is poor in most studies.12-15

In the search for an index with better predictive power

for mechanical ventilator liberation, we considered the

combination of parameters (respiratory center stimulation

and muscle response) that may be crucially impaired in

patients on mechanical ventilation. The timed inspiratory

effort index is a recently proposed weaning index that

seems to be able to indicate readiness for mechanical venti-

lation liberation while providing a quick test of diaphragm

strength, especially in patients on long-term mechanical

ventilation associated with neurologic and neuromuscular

diseases. Accordingly, the index showed better perform-

ance than those previously reported in a number of stud-

ies.16-18 Thereby, the aim of this study was to evaluate the

reliability of the timed inspiratory effort index as a weaning

predictor by analyzing its intra- and interobserver variabili-

ty and reproducibility.

Methods

This was a prospective, observational study that involved

subjects on mechanical ventilation admitted to the ICU of a

general hospital from March 2017 to June 2018. The ethics

committee of the Federal Fluminense University approved

the study under the number CAAE 43049615.0000.5243.

Informed consent was obtained from every patient, when-

ever possible, or from his or her next of kin. Enrollment

criteria included patients >18 y of age, with an endotra-

cheal or tracheostomy tube, who were judged as able to

start the weaning process. They should also have resolu-

tion of the acute phase of the disease that led to mechani-

cal ventilation and an adequate level of consciousness and

cough reflex. Accordingly, subjects should have their

infection under control, stable cardiovascular status (heart

rate � 120 beats/min and systolic blood pressure between

90 and 160 mm Hg, no or minimal use of vasopressors),

stable metabolic status, hemoglobin > 10 g/dL, adequate

oxygenation (arterial oxygen saturation > 90% with

FIO2
� 0:4 or PaO2

/FIO2
� 150) with final positive expira-

tory pressure � 8 cm H2O), adequate frequency (�35

breaths/min), pressure support � 20 cm H2O, and no sig-

nificant respiratory acidosis (pH > 7.30). We excluded

patients with tracheal stenosis, intracranial pressure > 20

mm Hg, on sedation, with severe cardiac insufficiency or

hemodynamic instability, signs of systemic infection or

reinfection during the liberation process, or discontinua-

tion due to other complications.

Procedures and Definitions

All the subjects in the study were on mechanical ventila-

tion with Extend XT (TAEMA, Air Liquide, Paris, France)

and were continuously monitored by using the DX 2010

multi-parameter monitor (Dixtal, São Paulo, São Paulo,

Brazil), which records the electrocardiogram, heart rate,

SpO2
, and systemic arterial pressure. At any sign of instabil-

ity, the test was interrupted and the subject was returned to

mechanical ventilation. For measurements of PImax and the
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timed inspiratory effort index, the digital vacuometer

(Magnamed, São Paulo, São Paulo, Brazil), with a scale of

300 cm H2O and an increment of 0.1 cm H2O and a time

interval of 100 ms, was used. The method used was the

occlusion of the airway during inspiration with a unidirec-

tional valve,19,20 with the subjects positioned in the supine

position, and the head elevated at 45�. The cuff was hyper-
inflated to prevent air leak during measurement. After tra-

cheal aspiration, the subjects remained connected to the

mechanical ventilator to rest for 2 min on 100% oxy-

gen.13,14,16-18 After hyperoxygenation, the ventilator was

disconnected, and the subject breathed spontaneously.

After 10 s of spontaneous breathing, the digital manome-

ter was connected to the artificial airway at the end of a

normal expiration (at FRC). The airway was occluded for

60 s while the values were recorded, which corresponded

to each inspiratory effort.13,14,16-18

For the intra-observer analysis, the same respiratory

physiotherapist performed 2 measurements in each selected

subject, with a 30-min rest period on pressure-support

ventilation. For interobserver analysis, 2 measurements

were obtained by different respiratory physiotherapists

on another group of subjects, which also provided a

30-min rest period between tests. The timed inspiratory

effort index was calculated as the ratio of the PImax regis-

tered after the first 30 s of observation to the corresponding

time to reach this value of PImax, while keeping the airway

occlusion with a unidirectional valve for up to 60 s. The

timed inspiratory effort index¼ PImax(after 30 s of start, cm

H2O)/time (in s) to achieve this value of PImax. A typical re-

cord of inspiratory pressures by time is shown in Figure 1.

Liberation was considered successful if spontaneous

breathing was maintained for >48 h after mechanical

ventilation withdrawal. The decision to return to mechani-

cal ventilation was taken by a respiratory physiotherapist

and the attending physician (both did not have access to the

results of the timed inspiratory effort index measurement).

Criteria to interrupt periods of spontaneous breathing

during the T-piece trial were as follows: agitation and/or

anxiety, reduced level of consciousness, diaphoresis,

dyspnea, and/or cyanosis, oxygen saturation measured

from an arterial blood sample < 90% or PaO2
< 60 mm

Hg, with FIO2
> 0.4, PaCO2

> 50 mm Hg or increased in

>8 mm Hg, arterial pH < 7.33 or decreased by $0.07,

frequency > 35 breaths/min or increased by 50% for

$5 min, heart rate >140 beats/min or a sustained increase

or decrease > 20%, mean blood pressure > 130 mm Hg or

<70 mm Hg, and tachyarrhythmias.2,12-14,16,17,18,21

Statistical Analysis

The sample size was calculated to be able to evaluate the

differences in the order of 20% between groups with a power

of 80% and an alpha error of 5%, in which a minimum num-

ber of 35 individuals was found for each studied group. The

results were expressed as mean 6 SD for continuous varia-

bles with normal distribution and, alternatively, as median

and 95% CI. Category variables were expressed as frequen-

cies. The differences between the continuous variables and

the frequencies were evaluated by using the Wilcoxon test

and the chi-square test, respectively.

The obtained values of the timed inspiratory effort index

were evaluated as to their ability to predict weaning by cal-

culating the area under the receiver operating characteristic

curve. The areas under the receiver operating characteristic

curve were compared by using the method of Hanley and
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Fig. 1. Typical record, which demonstrates that the maximum inspiratory peak pressure (61 cm H2O, vertical dashed line) over 60 s of observa-

tion was achieved at 58.2 s. In this test, the timed inspiratory effort index was 1.04 cmH2O/s.
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McNeil.22 Specifically for the analysis of intra- and interob-

server reproducibility, the Bland-Altman diagram and the

inter-rater agreement statistic (kappa) were used. Values of

P < .05 were considered significant. Statistical analysis

was performed by using the statistical program SPSS, ver-

sion 18.0 (Chicago, Illinois) and the MedCalc statistical

program, version 11.4.2.0. (Mariakerke, Oost-Vlaanderen,

Belgium).

Results

One hundred and thirteen subjects were selected (43

males, mean 6 SD age, 77 6 14 y). Fifty-six (49.6%)

underwent successful liberation, and 33 (29%) died in the

ICU. Tracheotomy was necessary in 63 subjects (55.8%),

the mean 6 SD duration of mechanical ventilation was

14.4 6 6.7 d, and the mean 6 SD APACHE (Acute

Physiology and Chronic Health Evaluation) II score was

18.9 6 5.5 (Table 1). The median and 95% CI of the intra-

observer examinations with regard to PImax, time to achieve

PImax, and timed inspiratory effort index are depicted in

Table 2. In this setting, no statistically significant difference

was found between measurements: P ¼ .13 for PImax, P ¼
.30 for the time to reach PImax, and P ¼ .16 for the timed

inspiratory effort index. Correspondent results for the inter-

observer examinations are in Table 3. Again, statistically

significant differences were not found, with P ¼ .30 for

PImax, P = .99 for the time to reach PImax, and P ¼ .33 for

the timed inspiratory effort index.

The Bland-Altman diagrams that addressed intra- and

interobserver agreement for these variables are in Figure 2.

Values for the concordance coefficients of kappa of the

intra- and interobservers were median weighted Kappa

(95% CI) 0.82 (0.68–0.95) and 0.80 (0.65–0.94), respec-

tively. Similar findings were found for linear correlation

coefficients of the intra- and interobservers r2 (95% CI) lin-

ear regression of Pearson 0.86 (0.77–0.91) and 0.89 (0.82–

0.93), respectively (Fig. 3). When evaluating the weaning

predictive power of the measurements of the intra-observer

data by receiver operating characteristic curves, no statisti-

cally significant difference was found between the curves

(0.96 6 0.07 vs 0.94 6 0.07; P ¼ .41); the analysis of the

interobserver data showed comparable results (0.946 0.05

vs 0.906 0.07; P¼ .14) (Fig. 4).

Discussion

PImax was recommended as a weaning predictor by an

International Consensus Conference2; however, even

Table 2. Values Obtained with the Same Observer (Group Intra-

observation, n ¼ 60)

Variable
Examination, Median (95% CI)

P
First Second

PImax, cm H2O 44.5 (36.8–49) 44 (38.8–48) .13

Time to achieve PImax; s 49.9 (47.5–53.6) 48.5 (43.1–53) .30

Timed inspiratory effort

index

0.87 (0.73–1.01) 0.85 (0.79–1.01) .16

PImax ¼ maximum inspiratory pressure

Table 3. Values Obtained with Different Observers (Group

Interobservation, n ¼ 53)

Variable Second Observer Third Observer P

PImax, cm H2O 49 (44–55.1) 51 (43.8–55.1) .30

Time to achieve PImax; s 48.4 (42.3–53.6) 49 (45.8–54.3) .99

Timed inspiratory effort index 1.02 (0.88–1.16) 1.02 (0.88–1.13) .33

Data aremedian (95% CI).

PImax ¼ maximum inspiratory pressure

Table 1. Subject Characteristics based on Weaning Outcome

Variable Total
Weaning

P (Success vs Failure)
Success Failure

Sample, n (%) 113 56 (49.6) 57 (50.4) NA

Males/females, n 43/70 17/39 26/31 .14

Race (White/Black), n 67/46 34/18 33/28 .87

Age, mean 6 SD y 77 6 14 75.2 6 15.3 78.6 6 13.6 .21

APACHE II score, mean 6 SD 18.9 6 5.5 17.7 6 5.0 20 6 5.9 .03

Duration of MV, mean 6 SD d 14.4 6 6.7 12.8 6 6.4 16.1 6 6.6 <.01

PaCO2 before test, mean 6 SD mm Hg 40.9 6 4.3 40.2 6 3.9 41.7 6 4.7 .07

Deaths in the ICU, n (%) 33 (29.2) 12 (10.6) 21 (18.6) .07

Tracheostomy, n (%) 63 (55.8) 24 (21.3) 39 (34.5) <.01

NA ¼ not applicable

APACHE ¼ Acute Physiology and Chronic Health Evaluation

MV ¼ mechanical ventilation
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when measured by adopting the unidirectional inspira-

tory valve, the index performs below expectation in this

regard.12-15,17,19,20 The timed inspiratory effort index is a

new weaning index, easy to perform at bedside and that

has been reported to be more accurate.14,17,18 The aim of

the present study was to assess the reliability and repro-

ducibility of the timed inspiratory effort index to better

validate the measure as a useful weaning predictor. For

this purpose, we resorted to a traditional analysis of intra-

and interobserver measurements. The studied sample con-

sisted of older subjects, with a predominance of females.

They had a high APACHE II score, prolonged duration of

mechanical ventilation, and a high rate of tracheostomy.

In this scenario, the mortality rate (29.2%) cannot be seen

as a surprise. The features of our subjects were common

to the ones found in most of the ICUs worldwide. Half of
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the subjects underwent successful liberation, a number

also consistent with previous studies.10,14,18,23

As an initial approach to accomplish the study purpose,

the median of the 2 intra-observer measurements were com-

pared, and no statistical significant difference was found.

The same occurred with the 2 measurements of the interob-

server were compared. These findings demonstrated that

the timed inspiratory effort values may be easily and repro-

ducibly obtained. The graphic analysis of the Bland-Altman

diagrams showed that the mean line of either intra- or the

interobserver data crossed the y axis close to the zero value.

In addition, most of the values in both graphics were within

the limits of61.96 SD. The kappa concordance coefficients

were 0.82 and 0.80 for the intra- and interobservers, respec-

tively, which denoted very good agreement between meas-

urements. Accordingly, the linear correlation coefficients

were 0.86 and 0.89 for the intra- and interobservers, which

indicated a high correlation between measurements.

Historically, few weaning predictors were recom-

mended for clinical practice, mainly due to their low accu-

racy and reproducibility. In previous studies, the values for

the accuracy of the timed inspiratory effort index (referred

to as the area under the receiver operating characteristic

curve) ranged from 0.90 to 0.96, which expressed a better

performance than other predictive indexes described in the

literature.14,17,18 Interestingly, the values for the areas under

the curve in the present study also ranged from 0.90 to

0.96. More importantly, no statistical difference was

observed between the curves of each of the 2 sets of mea-

surements for the intra- or interobserver data. Given the na-

ture of the study, design limitations were restricted to those

that pertained to the pre-established methods used to ana-

lyze intra- and interobserver reproducibility. However, it

should be commented that it seemed prudent to preclude

measurements of the timed inspiratory effort index in cir-

cumstances such as elevated intracranial pressure, risk of

abdominal content evisceration, acute coronary artery dis-

ease, flail chest, and unstable heart failure.

Conclusions

The results of the present study, which addressed the var-

iability of the measurement of the timed inspiratory effort

index by intra- and interobservers, showed a very high

reproducibility, which reinforced the index as a sensible,

accurate, and reliable outcome predictor with regard to lib-

eration from mechanical ventilation. Accordingly, analysis

of our data suggested that a measure might be sufficient to

make a decision in clinical settings.

ACKNOWLEDGMENTS

The authors thank the respiratory physiotherapists and physicians of the

ICU of the Hospital Icaraı́, especially André Luiz da Cunha Serejo, Vitor
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