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Determining The Pressure Combination
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Compatible with the Rapid Shallow Breathing
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Abstract

Objective: The rapid shallow breathing index (RSBI) is relatively the best predictive parameter for initial assessment of readiness for the dis-
continuation of mechanical ventilation (MV) support. In this study, we aimed to determine the best pressure combinations that can predict
successful RSBI closest to the values calculated in spontaneous ventilation (SV).

Methods: Twenty-five mechanically ventilated patients were enrolled in the study. RSBI and other weaning parameters were calculated in
different combinations (pressure support ventilation (PSV) 5 cm H,O / positive-end expiratory pressure (PEEP) 5 cm H,O; PSV 0 cm H,O/
PEEP 5 cm H,0; PSV 5 cm H,O/PEEP 0 cm H,O; PSV 0 cm H,O/PEEP 0 cm H,0) before T-tube trial in all patients.

Results: The mean age of the patients was 73+10 years. RSBI did not differ significantly between SV and other combinations. The best cor-
relation with SV was found with 5 cm H,0 PSV-0 cm H,O PEEP (p=0.0001, r=0.719) and the worst with 0 cm H,0 PSV-5 cm H,O PEEP. RSBI
showed no predictive value for weaning success. Respiration rate (f) was higher in failure than in the success group in PSV 0 cm H,O/PEEP
5 cm H,0 and PSV 5 cm H,O/PEEP 0 cm H,0 (p=0.030, p=0.030, respectively). <27 was considered as a predictive factor for spontaneous
breathing trial (SBT) success (PSV 0 cm H,O/PEEP 5 cm H,0; sensitivity 93%, specificity 63%, PSV 15 cm H,O-PEEP 5 cm H,O; sensitivity
81%, specificity 75%).

Conclusion: There was a good correlation between RSBI measured by T-tube and different pressure combinations.
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INTRODUCTION

Weaning is the process of decreasing ventilator support and allowing patients to assume a greater
proportion of their spontaneous ventilation with the gradual reduction of ventilator support (1). In
order to predict the patients’ success in maintaining their spontaneous breathing and oxygenation,
some parameters have been researched. Among these, the rapid shallow breathing index (RSBI) is the
most studied and most accepted system with the highest predictive value (2, 3).

Rapid shallow breathing index, the ratio of respiratory rate to tidal volume (f/VT), was first described
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METHODS

Patient Population

In this self-controlled and prospective study, the patients mechan-
ically ventilated in an intensive care unit (ICU) were included in the
study. The diagnosis of the patients and the underlying etiologies of
their mechanical ventilation (MV) need were recorded. Ventilators
were calibrated prior to intubation and then appropriate mechani-
cal ventilator settings were done according to each patient’s need.
All the patients’age, gender, comorbid diseases, smoking history, di-
agnosis of intubation, intubation and extubation days, weaning trial
day, weaning success, length of hospitalization, length of MV and ICU
stay, need for re-intubation, outcome (exitus or discharge to home/
ward), and causes of mortality were recorded.

Weaning Protocol

In the first 24 hours, patients were ventilated by assist-controlled
ventilation mode (ACV) with varying fractions of inspired oxygen
(FI0,) values providing oxygen saturation measured by pulse oxim-
eter (Sp0,) >90%. Beginning from the second day, daily screening
(DS) was done according to the following criteria (5-7): the cause of
intubation has improved; Pa O,/FIO, >200 (if FIO, of 40-50%, PaO,
>60 mmHg), positive-end expiratory pressure (PEEP) <5 cm H,O, f/VT
<105 breaths/min/L, f <35/min, sufficient cough reflex during aspira-
tions, no need for a vasopressor or sedative agent (intermittent sed-
ative or dopamine below 5 pg/kg/min is acceptable), and no fever.

Spontaneous breathing trial (SBT) was applied to patients who met
the DS criteria. The T-tube method was applied for the SBT circuit for
up to 30 minutes. While measuring different combinations, the mean
of multiple values at some period of the SBT was recorded. SBT was
finished in case of the following events (8): f>35/min, Sa0, <90%,
heart rate >140 min or an increase or decrease of 20% in heart rate,
systolic blood pressure >200 mmHg or <80 mmHg, development of
agitation, diaphoresis, anxiety, etc.

Pressure support ventilation (PSV) of 15 cmH,0/PEEP 5 cm H_O with
FIO, <40% was determined as the starting setting. The PSV settings
were decreased as soon as possible. Prior to disconnection, measure-
ments were done in different PSV and PEEP combinations with FIO,
<40%.

Preparing the Patients for the Study

The ethics committee of Gazi University approved the study. Also,
the procedures performed in this study were in accordance with the
Helsinki Declaration. Informed consent was obtained either from pa-
tients (if competent) or their family.

The ventilator settings were controlled initially and saved; the patient
was put in to a semi-sitting position and then an endotracheal tube
was aspirated. The latest measurements of the blood gas values and
the patient’s vital signs were recorded in PSV start-up mode. The filter
available in the patient’s intubation tube was removed at least 2 min-
utes before the measurements. Then, the measurements were record-
ed at different PSV and PEEP values with FIO, <40%, starting from 15
cm H,O PSV/5 cm H,0 PEEP and then in the following combinations:

Combination 1: 5 cm H,O PSV/5 cm H,O PEEP; Combination 2: 0 cm
H,0 PSV/5 cm H,0 PEEP; Combination 3: 5 cm H,0 PSV/0 cm H,O
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PEEP; Combination 4: 0 cm H,0 PSV/0 cm H,O PEEP, Combination 5:
spontaneous ventilation.

These combinations were applied randomly for each patient. The pa-
tients were allowed to rest for 15 minutes in the PSV 15 cm H,O/PEEP
5 cm H,O with FIO, of 40% mode during the intervals of each combi-
nation. The measurements were done with a respiratory monitor for
volumetric capnography (COSMO PLUS, Novometrix). After calibrat-
ing the device, the values of the alveolar ventilation (VE), respiratory
rate (f), tidal volume (VT), RSBI, SaO,, and PaCO, were recorded on
the related forms and tables.

The patients who passed SBT successfully were extubated and fol-
lowed by close monitoring in the first 24-48 hours of extubation.
When weaning failure occurred, the combination of PSV and PEEP
in which the weaning failure was noticed, the causes of this weaning
failure, arterial blood gas values, and the vitals findings were record-
ed. Noninvasive mechanical ventilation (NIMV) was applied to appro-
priate patients suffering from respiratory failure in the post-extuba-
tion period; otherwise they were intubated again and the causes of
extubation failure were recorded. Finally, the patient’s length of ICU
stay, length of MV and hospital stay, the initial day of the weaning tri-
al, the number of weaning trials, and the day and causes of mortality
were all recorded.

Criteria for Exclusion from the Study

The patients who did not meet the DS criteria, those who met the DS
criteria but could not tolerate SBT, and those who refused to join the
study were excluded from the study.

Statistical Analysis

All the data recorded in the study were analyzed by using the Sta-
tistical Package for the Social Sciences Windows 10.0 (SPSS Inc,
Chicago, IL, USA) program. The results are quoted as the average +
standard deviation. The t test and Mann-Whitney U test were applied
for the comparisons between groups. The paired t-test method was
used for the binary comparison of modes. We aimed to compare the
values measured in each combination with the values measured in
spontaneous breathing calculated standard methods in the litera-
ture. Correlations between all the numerical parameters and modes
were examined. The results of the Kolmogorov-Smirnov test, which
was used to examine the data, showed a non-normal distribution.
The values of the sensitivity and specificity were also calculated so
the Mann-Whitney U test was used primarily for the variables with
a non-normal distribution. We could not give the outcome of the
mean values with the Mann-Whitney U test so the t test was used
for the mean values with normal distribution. Significant values were
the same in the two tests. Correlation was analyzed by the Spearman
rank correlation coefficient. A statistical p value below 0.05 was ac-
cepted as statistically significant.

RESULTS

Twenty-five patients, 11 of whom were male and whose mean age was
73+10 years, were included in the study. They were intubated in the
ICU. The demographic features of the patients are given in Table 1.

During intubation, tube number 8 was used for 23 patients and tube
number 7.5 for 2 patients. Sixty-eight percent of the patients were
ventilated for >7 days. The possible causes of longer ventilation were
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Table 1. Demographic features and admission diagnosis of the
patients

Age (years) 73+10
Sex (Female) n(%) 11 (44)
Smoking, n (%) 14 (56)
Admission diagnosis, n (%)

COPD 13 (52)

Restrictive lung diseases (kyphoscoliosis, 5(20)

obstructive sleep apnea syndrome)

Pneumonia 5(20)

Pulmonary thromboembolism 2(8)

Cardiac dysfunction (congestive heart failure, 3(12)

hypertensive attack)

Acute renal failure 1(4)
APACHE Il score 19+6
Home long term oxygen therapy use n (%) 5(20)

APACHE II: Acute physiology and chronic health evaluation II; COPD: chronic
obstructive pulmonary disease

Table 2. Weaning parameters measured in different pressure
combinations

PSV15 PEEP5 | 508+188 10+3 21+8 Not measured
PSV5 PEEP5 | 369+187 9+5 318 120+64
PSVO PEEP5 | 308+142 8+4 32+10 153+73
PSV5 PEEPO | 313%127 9+3 30+7 117+60
PSVO PEEPO | 312+167 8+3 30+9 131483
Spontaneous | 295+129 9+4 28+8 11570

f: Respiration rate; PSV: pressure support ventilation; PEEP: positive-end
expiratory pressure; RSBI: rapid shallow breathing index; VE: alveolar
ventilation; VT: tidal volume

identified as sepsis, agitation, renal failure, ischemic heart disease, and
metabolic acidosis. While the patients stayed in hospital for an average
of 29+15 days, they were only mechanically ventilated for an average
of 16116 days. While 11 of the 25 patients (44%) in the study were re-
intubated, tracheostomy was performed in only four of them (16%).

Different pressure combinations were randomly chosen for each pa-
tient. Fifteen cm H,0 PSV/5 cm H,0 PEEP with FIO, <40% was deter-
mined as the starting mode. RSBl was measured while the patient was
spontaneously breathing and it was compared to the RSBl measured
in other pressure combinations. The RSBI values and other weaning
parameters calculated in different pressure combinations are given
in Table 2. This table shows our measurements in terms of averaged
numbers.

Table 3. Comparison of the demographic characteristics, arterial
blood gas analysis values before weaning, and RSBI between
Group A and Group B

Age (years) 7419 7311 | 0.890
Sex (Female), n (%) 5(63) 6(35) | 0633
APACHE Il score 19+7 19+6 0.947
Home long term oxygen therapy 2(25) 3(18) 1.000
use n (%)
Arterial blood gas analysis before
weaning
pH 7421492 | 7.42+6.90 | 0.842
Pa0, (mmHg) 83+13 77£12 | 0.260
PaCO, (mmHg) 418 39+10 | 0.633
Sa0, (%) 962 96+3 0.721
RSBI (f /VT)
RSBI o5 peees 111+£68 125£63 | 0.645
RSBI g0 peees 132+78 163£71 | 0.341
RSBI o5 peero 106£81 122+£51 | 0.567
RSBI o6 peero 126x101 133£76 | 0.844
RSBI SR 125+92 111£60 | 0.651
APACHE II: Acute physiology and chronic health evaluation II; PSV: pressure
support ventilation; PEEP: positive-end expiratory pressure; RSBI: rapid
shallow breathing index

RSBI values measured in different pressure combinations were com-
pared to RSBl measured in spontaneous respiration and their correla-
tions were examined. The 5 cm H,O PSV/0 cm H,O PEEP combination
had the best correlation with spontaneous respiration; 0 cm H,O
PSV/0 cm H,O PEEP and 5 cm H,O PSV/5 cm H,O PEEP followed it
respectively, while the worst correlation was determined with 0 cm
H,O PSV/5 cm H,O PEEP (Figures 1a-d).

The patients who were extubated on the day of SBT and not reintubat-
ed within 48 hours were considered as the SBT success group and were
grouped together as Group A (n=8); the patients who could not be ex-
tubated on the day of measurements or who were reintubated within
48 hours following extubation were considered as the SBT failure group
and were grouped together as Group B (n=17). There were no significant
differences in terms of the demographic characteristics, arterial blood gas
values before weaning, and RSBIs between Group A and Group B (Table 3).

Two patients (25%) in Group A and 11 patients (65%) in Group B had a
diagnosis of chronic obstructive pulmonary disease (COPD) (p=0.097).
While 4 of the 8 patients (50%) were reintubated in Group A, tracheos-
tomy was performed in only 1 (12.5%) patient. While 7 of the 17 patients
(41.2%) were reintubated in Group B, tracheostomy was performed in
only 3 (17.6%) patients. There were no statistically significant differenc-
es in terms of re-intubation and tracheostomy between the two groups
(p=1.000, p=1.000, respectively).
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Figure 1. a-d. Correlation values of RSBI and RSBI (a); RSBI and RSBI (b); RSBI and RSBI (0);

PEEP: Positive-end expiratory pressure; PSV: pressure support ventilation; RSBI: Rapid Shallow Breathing Index
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The f values were significantly higher in Group B than Group A in the
PSV 0 cm H,O/PEEP 5 cm H,0 and PSV 5 cm H,O/PEEP 0 cm H,0 com-
binations (p=0.030, p=0.030, respectively). f values <27 for PSV 0 cm
H,O/PEEP 5 cm H,O (sensitivity, 93%; specificity, 63%) and for PSV 5
cm H,O/PEEP 5 cm H,0 (sensitivity, 81%; specificity, 75%) were con-
sidered as predictive for the SBT success.

DISCUSSION

Rapid shallow breathing index measurement has been the best pre-
dictor of weaning success among the studies carried out so far (3, 4,
9, 10). In this study, we aimed to determine the best pressure combi-
nations that can predict successful RSBI closest to the values calculat-
ed by the original method of RSBI, as measured during no ventilator
support. The best correlation of RSBI with spontaneous respiration
was found with PSV 5 cm H,O/PEEP 0 cm H,0O and the worst with PSV
0 cm H,O/PEEP 5 cm H,0. In spite of these pressure combinations
showing a good correlation with spontaneous breathing, a threshold
value for RSBI could not be detected to predict the SBT success.

The time spent in the weaning process represents 40-50 % of the to-
tal duration of MV (7, 11). If weaning from MV has to be postponed
due to some reasons, not only will the cost increase but also some
complications could occur, such as airway trauma or ventilator-asso-
ciated pneumonia (VAP) (12-14). Esteban and his colleagues stressed
that the longer the length of MV, the higher the mortality rate (11).
So, reliable parameters are necessary for a successful weaning time.
The highest predictive value has been identified for RSBI, but for
measuring RSBI in spontaneous ventilation, a patient must be re-
moved from the ventilator, followed in t-tube, and a spirometry or
capnography should then be applied. Because of the complexity of
the procedure, we tried to find out whether RSBl measured in dif-
ferent pressure combinations during MV can reflect close measure-
ments to RSB and whether it could be used for the prediction

spontaneous

of weaning success.

Rapid shallow breathing index is a parameter measured at the be-
ginning of SBT (10). During the weaning process, a RSBl measured at
the first minute of t-tube trial below 105 is a strong predictor of safe
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weaning and successful extubation. A sensitivity of 97% and a speci-
ficity of 65% were found for this threshold value (3, 15, 16). However,
it was found in some studies that RSBI did not have enough efficiency
during its routine use for weaning, especially during prolonged MV.
The most suitable RSBI value was measured as 97 in one study that
evaluated the efficiencies of the weaning parameters, but the accura-
cy of Yang and Tobin’s index (RSBI) with a threshold value of 105 was
found to be only 59% in patients with prolonged MV (9, 17, 18). Sim-
ilarly in our study, there was prolonged MV for most of our patients.
This might be the cause of not identifying a threshold value of RSBI
for the prediction of SBT success.

In the study of Bien et al. (19), RSBI were performed for three 30-min-
ute periods while the patients randomly received a T-piece, 100% in-
spiratory automatic tube compensation with 5 cm H,0 PEEP and 5cm
H,0 PSV with 5 cm H,0 PEEP. They found that T-piece trial is the best
choice for predicting the extubation outcome in ICU patients. In our
study, RSBl was measured at the beginning of SBT and was recorded
as a mean of multiple values at certain periods of the SBT; further-
more, it was calculated separately in different PSV and PEEP values
before SBT. No significant differences were identified in both the
whole study population and in the SBT success and failure groups.
This is why a clear threshold could not be determined. When PS was
reduced from PSV 20 cm H,O to PSV 10 cm H,0, the f and RSBI values
significantly increased while VT significantly decreased. These pa-
rameters did not vary when PSV was reduced from PSV 10 cm H,0 to
PSV 5 cm H,0 (20). In a prospective study by El-Khatib et al. (21), RSBI
values under various ventilator support settings prior to extubation
were evaluated. Similar to our study, they compared RSBl measured
as 0 ¢cm H,0 PSV/5 cm H,0 PEEP and 40% FiO,, 0 cm H,0 PSV/5 cm H,0
PEEP and 21% FiO,, and a 1 minute spontaneously breathing room air
trial off the ventilator (T-piece). They found that in the same patient
with the use of PSV and/or PEEP as low as 5 cm H,0, smaller RSBI val-
ues were identified when compared with the ones measured during
the T-piece. They found no effects from changes in FiO, on the RSBI
values (21).

We determined the starting mode as PSV 15 cm H,O/PEEP 5 cm H,0
with FiO, <40%. RSBI was measured while the patient was breathing
spontaneously and was compared to the RSBI values measured in
other combinations. Although a PSV of 7 cm H,0 was used to over-
come the resistance of the ventilator circuit in the literature, we chose
a PSV of 5 cm H,0 (7). We tried multiple combinations, and found PSV
7 cm H,0 had a value between PSV 5 cm H,O and PSV 10 cm H,0.The
PSV 5 cm H,0/PEEP 0 cm H,O combination was determined as the
closest measurement mode to spontaneous breathing; while PSV 0
cm H,O/PEEP 0 cm H,O and PSV 5 cm H,O/PEEP 5 cm H_O followed
it, respectively, and the worst combination of correlation was deter-
mined as PSV 0 cm H,O/PEEP 5 cm H,0. When PEEP 5 cm H,0 was
adjusted and PSV 15 cm H,O was decreased to PSV 5 cm H,0 and PSV
0.cm H,0, the RSBl and f values increased and VT decreased, but this
was not statistically significant. When PEEP was adjusted to 0, RSBl in-
creased, but there was no significant change in f and VT values as the
PS value was decreased. This result can support VT's direct correlation
with the PS level and the indirect correlation with the PS level of f and
RSBI. As a result, RSBl measured on ventilator was not determined as
a decisive criterion for this combination, although there were some
combinations that had a good correlation with spontaneous breath-
ing. One of the most important reasons why we could not determine
a threshold value may have been the insufficient number of patients.
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Similar to our study, in a study performed by Goncalves et al. (22), the
effect of low PSV on RSBI was evaluated. They measured RSBI prior
to extubation while the patient was connected to the ventilator and
receiving PSV and 5 cm H,0 of PEEP and then they disconnected their
patients from the mechanical ventilator and then measured RSBI
during spontaneous ventilation with a Wright spirometer. They found
that, in patients with extubation failure, the RSBl measured in spon-
taneous ventilation was higher than the one measured with PSV (22).

Patel et al. (23) reported RSBl measured while the patients were on
two different levels of ventilator support: 5 cm H,0 continuous posi-
tive airway pressure (CPAP) versus T-piece. They found that RSBI was
significantly less when measured on 5 cm H,0 CPAP compared to
T-piece. In a study of Desai et al. (24), the RSBl was measured with a
handheld spirometer and through the ventilator, with and without
CPAP. RSBI was measured with CPAP: 0 cm H,0 and 40% FiO,, CPAP:
5 ¢m H,0 and 40% FiO,, and with the ventilator disconnected and
FiO, of 21%. They found that the RSBI values measured through the
ventilator with CPAP 5 cm H,0 were much lower than the values mea-
sured with a handheld spirometer. Even the RSBI values measured
with CPAP 0 cm H,0 were significantly lower. This was attributable
to the base flow delivered by some ventilators (24). Again, a recently
published study by Zhang et al. (25) with quite an extensive number
of patients supports our results. In their study, the authors found the
diagnostic accuracy of RSBl measured during PSV with PS: 5 cm H,0
and PEEP: 5 cm H,0 as 87% for a threshold of 75 breaths/min/L.

We preferred the term of “SBT success” instead of “weaning success”
in our study to emphasize whether the patients were extubated or
not on the day when the studies were done. We considered the pa-
tients who were extubated on the day of SBT and not reintubated
within 48 hours as the “SBT success group” after a clinically objective
and subjective evaluation by modifying some criteria according to
the European Respiratory Journal (ERJ) definition (8). We considered
the patients who could not be extubated on the day that the mea-
surements were done or who were reintubated within 48 hours after
extubation as the “SBT failure group.” In the study by Sassoon et al.
(26), while there were significant differences among pH, PaCO,, PaO,,
and FiO, values, there were no significant differencesamong VT, P ,f,
and RSBl values in the success and failure groups of weaning. Similar-
ly in our study, there were no significant differences among RSBI, VT,
PaCO,, and PaO,, values when SBT success and failure groups were
compared. Some researchers have found that VT has shown a direct
variability with PS and an indirect variability with f and RSBI (27, 28).
The reason for this was that the patient breathed with a high VT and
low f when the muscles were exposed to a high PSV. Conversely, a
low PSV affects RSBI. However, the studies showed that the VT and f
values did not decrease significantly in low PSV modes (29, 30). Our
study also supports this, and significant differences among f, VT, RSBI,
and VE values were not determined at different PSV levels.

When the other parameters used for weaning in each of the two
groups were evaluated, VE was significantly different in the PSV 0 cm
H,O/PEEP 5 cm H,O combination. There are lots of studies in the liter-
ature investigating the value of the respiratory rate in weaning suc-
cess and that report different cut-off values, such as 38 breaths/min
or 35 breaths/min (2, 20). In our study, the f values in the SBT failure
group were higher than in the SBT success group and the threshold
for the PSV 0 cm H,O/PEEP 5 cm H,0 and PSV 5 cm H,O/PEEP 0 cm
H,O combinations were measured as 27. This can be interpreted that
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the weaning success may be low in patients who have values of f >27
with these pressure combinations. The f<27 (sensitivity, 93%; speci-
ficity, 63%) for PSV 0 cm H,O/PEEP 5 cm H,0 mode and f<27 (sensi-
tivity, 81%; specificity, 75%) for PSV 5 cm H,O/PEEP 0 cm H,0 mode
were considered as a success of SBT. These results support the previ-
ous studies also and underscore the importance of f during weaning
evaluations.

The weakness of our study was the insufficient number of patients,
so we could not determine a threshold value for RSBI. Similar to other
studies, there was prolonged MV for most of our patients. This might
be the cause of not identifying a threshold value of RSBI for the pre-
diction of SBT success.

CONCLUSION

There was a good correlation between RSBl measured in T-tube and
RSBI measured in different pressure combinations, especially the
combination of “PSV 5 cm H,O/PEEP 0 cm H,0," during the assistance
of the ventilator, and a 27/min threshold value for the respiration rate
gave a relatively good predictive value for SBT success.
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