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How Mechanical Ventilation Measurement, Cutoff and
Duration Affect Rapid Shallow Breathing Index Accuracy: A
Randomized Trial
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Abstract

Background: Decreased accuracy of the rapid shallow breathing in-
dex (RSBI) can stem from 1) the method used to obtain this index,
2) duration of mechanical ventilation (MV), and 3) the established
cutoff point. The objective was to evaluate the values of RSBI de-
termined by three different methods, using distinct MV times and
cutoff points.

Methods: This prospective study included 40 subjects. Before ex-
tubation, three different methods were employed to measure RSBI:
pressure support ventilator (PSV) (PSV =5 - 8 cm H,O; positive end-
expiratory pressure (PEEP) = 5 cm H,0) (RSBI_MIN), automatic
tube compensation (ATC) (PSV = 0, PEEP = 5 cm H,0, and 100%
tube compensation) (RSBI_ATC), and disconnected MV (RSBI_SP).
The results were analyzed according to the MV period (less than or
over 72 h) and to the outcome of extubation (< 72 h, successful and
failed; > 72 h successful and failed). The accuracy of each method
was determined at different cutoff points (105, 78, and 50 cycles/
min/L).

Results: The RSBI_ MIN, RSBI ATC, and RSBI SP values in the
group < 72 h were 38 + 18, 45 £ 26 and 55 + 22; in the group > 72 h,
RSBI_SP value was higher than those of RSBI_ATC and RSBI_MIN
(78 +£29,51 + 19 and 39 + 14) (P < 0.001). For patients with MV > 72
h who failed in removing MV, the RSBI_SP was higher (93 + 28, 58
+ 18 and 41 £ 10) (P < 0.000), with greater accuracy at cutoff of 78.

Conclusion: RSBI SP associated with cutoff point < 78 cycles/min/L
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seems to be the best strategy to identify failed extubation in subjects
with MV for over 72 h.

Keywords: Ventilator weaning; Mechanical ventilation; Rapid shal-
low breathing index; Extubation; Physiotherapy; Automatic tube
compensation

Introduction

Weaning from mechanical ventilation (WMYV) consists in the
transition from ventilator support to spontaneous breathing,
which can occur abruptly or gradually [1-3]. Currently, 20-
30% of the patients subjected to mechanical ventilation (MV)
face difficulties during the MV withdrawal, which culminates
in increased mortality and hospital costs [4, 5]. In this context,
weaning indices associated with the spontaneous breathing
test (SBT) can help to identify patients that are able to breathe
spontaneously [6, 7]. Among these indices, the rapid shallow
breathing index (RSBI) is the most often employed. One ad-
vantage of RSBI is that it is easy to measure, dismissing the
need for sophisticated apparatus [§].

Originally, RSBI is evaluated after the patient had been
disconnected from MV. Thus, the patient has to breathe spon-
taneously while connected to a respirometer for 1 min [9].
The technological advances in mechanical ventilators and the
increasing complexity of patients’ conditions have led some
authors to propose that RSBI should be measured with the in-
dividual connected to MV at minimum pressure support (PS)
or continuous positive airway pressure (CPAP) [10-13], in an
attempt to avoid respiratory distress upon disconnection.

A study performed with post-cardiac surgery patients,
with an MV time of less than 12 h, found no differences when
comparing the two methods [14]. Moreover, some studies in
patients who required MV for more than 72 h [15, 16] have
demonstrated that RSBI obtained with the use of PS was lower
when compared to the traditional method described by Yang
and Tobin [9].

Fabry et al [17] have introduced a new strategy known as
automatic tube compensation (ATC). In this approach, named
electronic extubation, the patient receives only the PS required
to overcome the endotracheal tube resistance. This strategy
benefits the patient by offering a reduced and more comfort-
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Patients admitted to the ICU
in MV during the study period
(n=54)

Excluded (n=14)
Not met inclusion criterion

(n=14)

Randomized RSBI measurements
PSV (min), ATC and disconnected (SP)
(n=40)

Mechanical ventilation time up to 72
hours (n=17)

Mechanical ventilation time over 72
hours (n=23)

Successful Failed extubation
extubation (n=14) (n=3)

Successful Failed extubation
extubation (n=12) (n=11)

Figure 1. Flowchart of the study design.

able breathing pattern [18-21]. A few studies have suggested
the use of ATC in the final stage of ventilator weaning [21, 22].

Yang and Tobin [9] established that values of RSBI lower
than 105 cycles/min/L predicted successful weaning and ex-
tubation. However, in this same study, it was shown that the
accuracy of the index worsened in patients with major MV.
Recent publications have demonstrated that not only that the
method used to determine the index [10, 11] but also the es-
tablished cutoff point might vary among different populations
[23-25]. Investigations have shown that the average RSBI in
patients that progress to successful ventilator weaning is 48
[25] and 50 [26] cycles/min/L. Verceles et al [27] tested the
predictive value of RSBI in patients with prolonged MV and
found that the group with successful ventilator weaning had an
average RSBI of 78 cycles/min/L.

In this context, we hypothesized that the method of obtain-
ing the cutoff point and its value can influence the predictive
value of RSBI in patients on MV specially the ones with more
than 72 h.

The current study aimed to compare the values of RSBI
determined by the traditional method [9] to those achieved
with PS or with ATC, using different days of MV and other
proposed cutoff points.

Materials and Methods

This observational, non-interventional study was conducted at
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the general adult intensive care unit (ICU) of the University
Hospital of the Ribeirao Preto Medical School, University of
Sao Paulo, Ribeirao Preto, SP, Brazil, after the approval by
the Institutional Research Ethics Committee under the proto-
col number 12741/2008, registered in the Brazilian records of
clinical trials under number RBR-7ngxys5.

The participants’ relatives received a detailed description
of the study and signed a free and informed consent form that
allowed and approved patient’s participation.

Subjects

This study included all the subjects that 1) were admitted to
the ICU during the study period, 2) were aged over 18 years,
3) were male or female, 4) used endotracheal tube, 5) received
ventilator support via the ventilator Evita XL™ by Drager, 6)
had successful WMV, 7) were tolerant of SBT, and 8) were
ready for extubation.

WMV was initiated when the participant presented 1)
resolution or improvement in the cause of respiratory failure,
2) suppressed sedation or neuromuscular blockade, 3) satisfac-
tory level of consciousness (Glasgow > 8), 4) absence of fever
(T<37.5°C), 5) presence of respiratory drive, 6) hemodynam-
ic stability at minimal doses or in the absence of vasoactive
drugs, 7) absence of decompensated coronary insufficiency or
arrhythmia with hemodynamic repercussion, 8) arterial blood
oxygen tension (Pa0,) > 60 mm Hg with fraction of inspired
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Table 1. Demographic Data for the 40 Patients Included in the Study, Grouped According to Duration of the Mechanical Ventilation

Group submitted to

Group submitted to

Characteristics General (n = 40) MV <72 h(n=17) MV >72 h (n = 23) P value
Age (years) 58+15 52+ 14 58+15 NS
Gender

Male 24 (60%) 10 14

Female 16 (40%) 7 9
APACHE II score 24+7 24+9 23+6 NS
Period of intubation (days) 6+4 2+1 8+3 <0.003
Causes of respiratory insufficiency

Cardiovascular 1 1 0

Hematological 3 2 1

Renal metabolism 6 2 4

Neurological 5 3 2

Respiratory 8 3 5

Trauma/surgical 5 2 3

Oncological 3 0 3

Vascular 2 1 1

Others 7 3 4

MV: mechanical ventilation; APACHE II: Acute physiology age chronic health evaluation; NS: without statistical significance. Values expressed as the

mean and standard deviation.

oxygen (FIO,) < 0.4 and positive end-expiratory pressure
(PEEP) <5 - 8 cm H,O [28].

Subjects with a history of tracheal or laryngotracheal dis-
ease, tracheostomy, accidental extubation, or chronic obstruc-
tive pulmonary disease were excluded from the study.

Study protocol

After the weaning was initiated, the ventilator parameters were
reduced according to the patient’s comfort and tolerance, until
minimum values were reached (PS =5 - 8 cm H,O; PEEP =
5 cm H,0). The SBT was performed with a T-tube circuit in
a semi-seated position during 30 min and the subjects were
considered SBT tolerant and eligible for extubation in the pres-
ence of adequate tidal volumes (6 - 8 mL/kg/weight) and in the
absence of the following signs of intolerance to disconnection
of MV: heart rate > 140/min or increased by > 20/min, systolic
blood pressure (SBP) 180 mm Hg or 90 mm Hg, respiratory
rate (RR) > 35/min, oxygen saturation by pulse oximeter <
90% and symptoms such as agitation, anxiety, sweating, and
altered level of consciousness [28].

Prior to extubation, RSBI was obtained via three different
methods: RSBI MIN, RSBI ATC and RSBI SP. The order
of obtaining the index was randomly assigned using opaque,
sealed envelopes containing each method, and the order was
drawn at the time of data collection sequentially, which were
opened by the physiotherapist at the moment of interventions.

In RSBI_MIN (PS =5 - 8 cm H,O, PEEP = 5 ¢cm H,0)
and RSBI_ATC (PS = 0 cm H,O, PEEP = 5 cm H,0, ATC =
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100%), those patients remained in these parameters during 60
s and after the RR and VE values were registered by the fan
display. In RSBI MIN, the automatic compensation mode of
the tube remained off.

In RSBI SP, the patient was disconnected from MV and
connected to a calibrated respirometer for 60s. VE was ob-
tained from the respirometer monitor; RR was measured by
counting the patient’s thoracic cage movement for 1 min.

For all the RSBI methods, the VT (L) was calculated as
VE (L/min) divided by respiratory frequency (RR, breaths/
min). The RSBI was calculated using the ratio f/VT.

Two minutes were given before shifting to the next meth-
od, so the patient could adapt to the new parameters.

After the measurements, the patient was extubated. Suc-
cessful extubation was considered as the capacity of the patient
to sustain spontaneous breathing for over 72 h. Failed extuba-
tion was considered as the need to re-intubate the patient less
than 72 h after extubation [2, 29] (Fig. 1).

Statistical analysis

Our sample size was calculated using our previous work [10]
with the effect to be detected = 19.14, standard deviation =
20.71, alpha error = 5%, and power = 80%, suggesting 19 pa-
tients.

To compare the values of RSBI obtained by the three dif-
ferent methods, a two-way ANOVA test followed by the Tukey
test was employed; the level of significance was set at 5%. The
results were presented as average and standard deviation.
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Table 2. Values of RSBI as Obtained From Tested Methods, According to Mechanical Ventilation Duration

Up to 72 h of MV (n = 18)

Over 72 h of MV (n =23)

RSBI_MIN RSBI_ATC RSBI_SP RSBI_MIN RSBI_ATC RSBI_SP
38+ 18# 46 + 24# 554+ 20# 39+ 14% 514 19% 78 +29
CI: -59.69 to -20.06 CI: 12.41 - 52.05 Cl: -43.22 t0 -3.58 Cl :-57.62 to -21.07 CI: 8.46 - 45.01

#P = 0.000 #P = 0.000 #P =0.039 *P = 0.000 *P = 0.000

RSBI: rapid shallow breathing index; MIN: obtained with pressure support of 5 cm H,O and PEEP of 5 cm H,O; ATC: obtained in the automatic tube
compensation mode and PEEP of 5 cm H,0); SP: obtained with the patient disconnected from mechanical ventilation; NS: without statistical signifi-

cance. *Intragroup comparison (

To identify the best cutoff point and the best method to
obtain RSBI, an ROC curve was constructed for the values of
RSBI determined by each method - RSBI MIN, RSBI ATC,
and RSBI _SP - and the area under this curve as well as the
95% CI were calculated. The ROC curve provided the ratio
between the sensitivity and specificity for each cutoff point of
an index. The cutoff point that provided the largest sum of sen-
sitivity and specificity and consequently the best accuracy was
considered the best cutoff point [30]. The following parame-
ters were calculated: sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy.

The software R-Project 2.15 was used for analysis and
data comparison.

Results

During the study period, 40 subjects met the inclusion criteria.
Among them, 16 (40%) and 24 (60%) were female and male,
respectively. The participants were aged 58 + 15 years, pre-
sented APACHE 11 score of 24 + 7, and had been intubated for
6 + 4 days. The subjects were grouped according to the period
of MV:up to 72 h of MV, n =17 (42.5%); over 72 hof MV, n=
23 (57.5%) (Fig. 1). Table 1 lists the mean and standard devia-
tion of the demographic data, separated by group. Table 2 sum-
marizes the results of RSBI evaluation in the group up to 72 h
and over 72 h of MV using the different methods tested here.
When comparing the values of RSBI MIN, RSBI_ATC,
and RSBI _SP, in group up to 72 h, no significant difference

RSBI_SP). #Intergroup comparison ( RSBI_SP over 72 h).

was obtained between RSBI MIN and RSBI_SP (38 + 18 vs.
46 + 24 vs. 55 + 22). In group over 72 h, a significant differ-
ence was obtained for comparisons between RSBI MIN and
RSBI_SP (39 + 14 vs. 78 £29) (P=10.000) and between RSBI
ATC and RSBI_SP (51 £ 19 vs. 78 £29) (P=0.001) (Table 2).

When comparing between groups, RSBI_SP values in the
group over 72 h were higher (78 + 29 vs. 55 £22) (P =0.039):
RSBI_ATC (78 +29 vs. 46 + 24) (P = 0.000), RSBI_MIN (78
+29 vs. 38 + 18) (P = 0.000).

Grouping the subjects with up to 72 h and over 72 h of
MYV according to the extubation outcome, on group up to 72
h, of the 17 subjects, 14 (82%) were successfully weaned from
MYV and only three (18%) failed extubation. On the MV group,
over 72 h, of the 23 patients, 12 (52%) were successfully extu-
bated and 11 (48%) have failed extubation (Table 3).

On group up to 72 h, intragroup comparison between sub-
jects that progressed to successful vs. failed extubation did not
reveal differences among the tested methods. However, for
group over 72 h, significant differences were obtained in suc-
cessful group for RSBI MIN and RSBI _SP (37 + 16 vs. 65
+ 23) (P = 0.0000), and in failed group for RSBI MIN and
RSBI_SP (41 + 10 vs. 93 + 28) (P = 0.0000), and between
RSBI_ATC and RSBI_SP (58 + 18 vs. 93 + 28) (P = 0.0000).

Analysis of the accuracy of the cutoff points of 50, 78,
and 105 cycles/min/L for the different methods of RSBI de-
termination (RSBI_MIN, RSBI_ATC, and RSBI_SP) showed
that RSBI_SP associated with the cutoff point < 78 resulted in
the best positive and negative predictive values concerning the
outcome of extubation (Table 4).

Table 3. RSBI Values Obtained From Tested Methods, According to Results of Mechanical Ventilation Duration and Extubation

Up to 72 h of MV

Over 72 h of MV

Grou
g RSBI_MIN RSBI_ATC RSBI_SP RSBI_MIN RSBI_ATC RSBI_SP
Success 38 £ 20# 45 +26 51+£22 37+ 16*%# 45 £ 19# 58 £ 18#
CI: -89.61 to -6.5 CIL: -54.77 to -1.22 CI: 21.99 - 76.75 #P=0.02
#P=0.01 *P=0.03 #P = 0.000 CI: -29.87
CI: -85.25 to -30.49 to -57.25
#P=0.00
Failed 39+7 5245 73+9 41 +£10 58 +£18 93 (28)
*CI: -81.33 to -25.39 *CI: 8.30 - 64.24
*P=0.000 *P=0.001

RSBI: rapid shallow breathing index; MIN: obtained with pressure support of 5 cm H,0 and PEEP of 5 cm H,O; ATC: obtained in the automatic tube
compensation mode and PEEP of 5 cm H,O; SP: obtained with the patient disconnected from mechanical ventilation; NS: without statistical signifi-

cance. *Intragroup comparison (
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RSBI_SP). #Intergroup comparison ( RSBI_SP failed).
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Table 4. Accuracy of the RSBI to Predict Successful Extubation With Cutoff Points of 50, 78, and 105 Cycles/Min/L Using Different

Methods

Cutoff Method Sensitivity Specificity Positive predictive value Negative predictive value Accuracy

50 RSBI_MIN 0.92 0.27 0.58 0.75 0.61
RSBI_ATC 0.75 0.55 0.64 0.67 0.65
RSBI_SP 0.33 0.91 0.80 0.56 0.61

78 RSBI_MIN 0.92 0.00 0.50 0.00 0.48
RSBI_ATC 0.92 0.27 0.58 0.75 0.61
RSBI_SP 0.75 0.73 0.75 0.73 0.74

105 RSBI_MIN 1.0 0.00 0.50 1.00 0.50
RSBI_ATC 1.0 0.00 0.52 1.00 0.52
RSBI_SP 0.92 0.27 0.58 0.75 0.61

RSBI: rapid shallow breathing index; MIN: obtained with pressure support of 5 cm H,0 and PEEP of 5 cm H,O; ATC: obtained in the automatic tube
compensation mode and PEEP of 5 cm H,O; SP: obtained with the patient disconnected from mechanical ventilation.

Discussion

This study compared how the measurement, cut-off and dura-
tion of MV affect RSBI accuracy, demonstrating that the meth-
od of obtaining may affect the value of the RSBI for patients
over 72 h MV. However, for the group under MV up to 72 h,
the three methods did not differ significantly, in subjects with
early MV withdrawal, RSBI_SP, RSBI MIN, or RSBI ATC
can be used to predict successful extubation. Therefore, for
patients of over 72 h of MV, the values of RSBI obtained by
RSBI_SP (traditional method) [9] associated with cutoff point
< 78 cycles/min/L as proposed by Verceles et al [27] were
more efficient in identifying patients able to extubation with
an accuracy of 0.74.

One of the greatest challenges faced by professionals
working at an ICU is to identify patients that will progress to
a failed MV withdrawal, in an attempt to avoid the impacts
caused by unsuccessful extubation. The incidence of failed ex-
tubation varies from 6% to 47% [3, 31, 32] and differs consid-
erably among the studied populations, being more frequent in
populations with higher severity at the moment of admission
to the ICU (as defined by the high values of APACHE II score)
and longer MV [8, 13].

RSBI has been the most often employed index to evaluate
MYV withdrawal, even in more severely ill patients. The deci-
sion to withdraw MV is not always simple or easy to take. Cur-
rently, some institutions rely exclusively on the value of RSBI
measured once a day before submitting the patient to SBT or
extubation [33].

In this study, we decided to make the RSBI measures after
the SBT, because it belongs to a population of highly complex
patients according to the high APACHE II scores on admission
to the ICU.

Knaus et al [34] stated that the risk of in-hospital death
increases exponentially with high APACHE II values, demon-
strating that these patients require longer periods of ICU and
MYV to reach clinical stability.

A longer MV before extubation is related to the difficulty
that patients have in maintaining lung volume and expansion.
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This difficulty originates from muscle fiber hypotrophy and re-
modeling, a consequence of inactivity, metabolic disorders like
malnutrition, hydroelectrolytic disorders, and use of corticos-
teroids and neuromuscular blockers that cause polyneuropathy
in the critically ill patient [35]. All the aforementioned factors
might be associated with the lower values of RSBI_MIN and
RSBI_ATC in over 72 h, and they culminate in larger patient
clinical deterioration. In this scenario, PS and ATC might re-
duce the respiratory work, compensating for the damaged lung
mechanics and the additional load imposed by the endotrache-
al tube in patients with worse respiratory reserve.

Some papers have compared the RSBI obtained before the
SBT, and 30, 60 and 120 min after starting time, and their re-
sults showed changes in the RSBI with an increase trend in the
group of patients that failed, suggesting a measurement after
30 or 60 min of SBT [36, 37].

Based on this principle, we believe that the order of ob-
taining the measures could influence the results from different
methods, especially when the initial measurement was made
using the method proposed by Yang and Tobin [9]. In this meth-
od, you must disconnect the subject of MV. Additionally, we
have the resistance imposed by the endotracheal tube, which
does not happen with other methods where the measurement is
performed in the MV with the presence of PEEP and minimum
PS values or compensation resistance imposed by endotranquil
tube. To minimize this effect, the order of measurements was
randomized and a rest of 2 min between measurements was
included. This procedure allows the subject to return to the
previous MV parameters generating a better stabilization of
the RR and minute volume prior to next measurement.

Since the proposal of Yang and Tobin [9], RSBI has been
demonstrated to have a reduced predictive ability after 7 days
of MV.

By grouping the subjects into individuals who underwent
early MV withdrawal (up to 72 h) and individuals who had
MYV withdrawn after over 72h and analyzing the tested meth-
ods, it was possible to verify lower values of RSBI in up to
72 h, without statistical difference among the tested methods.
In over 72 h, RSBI MIN and RSBI_ATC were significantly
lower than RSBI_SP.
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Bien et al [38] evaluated the variability of the respiratory
pattern measured during SBT in patients that received PS and
PEEP of 5 cm H,O or ATC with 100% compensation, PEEP
of 5 cm H,0, and T-tube, and they verified decreased work of
breathing. These authors demonstrated that the use of ATC and
PS reduced the variability of the respiratory pattern in patients
that progressed to failed extubation.

The application of PS and ATC to evaluate RSBI aims to
facilitate the measurement of this index. However, the results
of the present work showed that the values of RSBI obtained
under spontaneous breathing (RSBI_SP) were more accurate
in the group under longer MV (over 72 h). Other studies had
already demonstrated that even minimum values of PS and
CPAP can influence the value of RSBI [11, 12, 39].

Nowadays, ATC constitutes an alternative strategy during
the final stages of weaning, mainly as SBT, a fact that justifies
our interest in validating the predictive value of RSBl ATC.

The present study has pioneered RSBI ATC accuracy
evaluation, showing that patients undergoing longer MV have
lower average RSBI ATC as compared to RSBI_SP, measured
with the patient disconnected from MV. The data demonstrate
loss of the positive predictive value of RSBl ATC to identify
patients that progress to failed extubation. Our results agree
with those of Halberthur et al [39], who investigated the out-
come of extubation after 2 h of TRE using PS, ATC, and T-
tube, to show that the value of RSBI ATC measured before
extubation was lower as compared to the RSBI_SP.

Another interesting point of the present study was a high
number of patients who evolved with extubation failure (35%)
the total sample and (52%) in the group with MV above 72 h,
even after undergoing a successful SBT. In our opinion, it is
related to higher APACHE 1I values and greater severity of
the patients in this sample. To evaluate the best cutoff point
able to identify failed MV withdrawal in a population under-
going MV for less than 72 h and over 72 h, three cutoff points
were selected: 50, 78, and 105 cycles/min/L. The choice of
the cutoff point of 50 cycles/min/L was based on data reported
by Frutos-Vivar et al [25], who evaluated a large group of pa-
tients with scheduled extubation. The cutoff point of 78 cycles/
min/L was chosen because it represented the average values of
RSBI in patients that progressed to successful MV removal in
a population with prolonged MV [27]. Finally, the pioneering
work of Yang and Tobin [9] suggested the cutoff point of 105
cycles/min/L.

The use of the cutoff point of 105 cycles/min/L did not
help any of the tested methods to identify failed extubation,
as demonstrated by other studies [23, 24, 40]. Some inves-
tigations have shown that the average RSBI in patients that
progressed to successful extubation was well below this cut-
off point. This suggests that specific values should be used for
specific populations. In the present investigation, the cutoff
point of 78 cycles/min/L associated with the RSBI_SP method
(measurement of RSBI without PS) led to the best accuracy as-
sociated with a balance between the positive and negative pre-
dictive values. This revealed the good ability of the RSBI SP
method to identify successful and failed extubation, in agree-
ment with the paper by Verceles et al [27], who reported an
average value of RSBI of 78 cycles/min/L in patients that un-
derwent prolonged MV and had successful extubation.
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A limitation of this study may have been the expected
time between measurements (2 min). Nevertheless, it repro-
duces the clinical routine, in which the RSBI in the traditional
method is always performed after disconnection from MV af-
ter ventilatory support. The sample size on subgroup can be
considered another limitation. Patients who evolved to trache-
ostomy without extubation attempts were excluded. Moreover,
even with a small sample size, we demonstrate that in patients
with more than 72 h MV, the method of obtaining the RSBI can
influence the outcome of extubation.

Conclusion

Our results suggest that, in patients undergoing MV for over
72 h, the RSBI obtained with the individual disconnected from
MV associated with the cutoff point of 78 cycles/min/L is the
best strategy to identify patients that are ready for MV with-
drawal.
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