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ABSTRACT

Background: Incorrect adjustment of the respiratory parameters of the mechanical ventilator increases respiratory distress and work of
breathing (WOB) in mechanically ventilated patients. The accurate adjustment of pressure supportincreases the patient’s comfort and decreases
respiratory distress and WOB, etc.; thus, the present study was conducted to compare the effects of two pressure support adjustment methods
on respiratory distress in patients under mechanical ventilation to investigate whether the rapid shallow breathing index (RSBI) method can
reduce patients’ respiratory distress more and faster than the tidal volume (VT) and respiratory rate (RR) methods.

Patients and methods: The study was conducted in 2020 on 56 mechanically ventilated patients with respiratory distress. The patients’respiratory
distress was first measured using RSBI and the respiratory distress observation scale (RDOS). The pressure support was then adjusted in the
patients according to the RSBI (in the trial group, n = 33) and VT and RR (in the control group, n = 23). The patients’ respiratory distress was
measured again in both groups 15 and 30 minutes after the pressure support adjustment.

Results: The results showed no significant differences between the two groups in the mean RSBl and RDOS before (p = 0.374, p = 0.657
respectively) and 30 (p = 0.103, p = 0.218 respectively) minutes after the adjustment of the pressure support, but these mean values differed
significantly (p = 0.025 for RSBl and p = 0.044 for RDOS) between the groups 15 minutes after the adjustment. Moreover, the interaction effect of
the group * time for RDOS has become significant nonlinearly (p = 0.037), but none of the interaction effects of the group * time were significant
for RSBI (linear: p = 0.531,; nonlinear: p = 0.272).

Conclusion: These two methods finally reduced the patients’ respiratory distress almost equally, but RSBl method can relieve the patients’
respiratory distress faster than the VT and RR methods.

Keywords: Intensive care unit, Mechanical ventilation, Pressure support, Respiratory distress.

Key message: VT, RR, and RSBl methods finally reduced the patients’respiratory distress almost equally, but RSBl method can relieve the patients’
respiratory distress faster than the VT and RR methods.
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The use of a mechanical ventilator, especially a prolonged use,
leads to several complications, such as respiratory distress.'
Respiratory distress denotes a disruption in patients’ breathing,
resulting in an increase in their work of breathing (WOB).
Respiratory distress leads to patient’s discomfort, the increased use
of sedatives, etc., and it is, therefore, highly beneficial to identify
and apply the factors contributing to a lower respiratory distress
in the patients, such as ensuring the accurate adjustment of the
respiratory parameters, to reduce the costs and the duration of
intensive care unit (ICU) stay.3-®

Pressure support is one of the respiratory parameters of
mechanical ventilation that provides a certain pressure during
inhalation to support the patient’s spontaneous breathing.”® The
most accurate pressure support adjustment method is monitoring
the WOB. WOB is measured by invasive techniques that are not
available in ICUs; therefore, the respiratory indices could probably
predict the patients’ WOB to adjust the pressure support.'® For this
reason, in ICUs, pressure support is adjusted in a way so as to reduce
the respiratory rate (RR) to less than 30 per minute and increase the
tidal volume (VT) to 4-8 mL/kg. The only discussed adjustment
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Comparison of Pressure Support Adjustment Methods

technique in articles and references is also the patient’s RR and
VT2 which is apparently not the most appropriate noninvasive
method of adjusting pressure support, because the correlation
of WOB with the RR and VT separately is less than its correlation
with rapid shallow breathing index (RSBI)."” In RSBI, VT and RR are
merged, and the number obtained from this index examines the
depth and the number of breaths at the same time, and values
exceeding 105 breaths per minute per liter indicate respiratory
distress in the patients;'® as a result, according to the results of a
study, WOB is more correlated with RSBI than with VT and RR,”
and any parameter or index that is more correlated with WOB (as
the most accurate invasive method of pressure support setting)
is probably a more accurate noninvasive method for adjusting
pressure support, and it may reduce patient’s respiratory distress
more and faster."

Few studies have been done to determine the most accurate
pressure support adjustment method.>'%”2% Further research
is, therefore, necessary in this field. Thus, the present study was
conducted to compare the effects of VT and RR and RSBl adjustment
methods on respiratory distress in mechanically ventilated patients
in ICUs.

PATIENTS AND METHODS

This two-group and three-stage clinical trial was conducted in
ICUs in 2020. The study objectives were explained to the patients’
companions, and those who wished their patients to participate in
the study signed the informed consent form. The study inclusion
criteria were: Being an adult, treatment with pressure support
ventilation, no chronic obstructive pulmonary disease, no acute
respiratory distress syndrome,?"?2 the number of breaths exceeding
30 per minute, VT <4 to 8 mL/kg, RSBI >105 breaths/min/L,
respiratory distress observation scale (RDOS) score >3, and receiving
no neuromuscular relaxants.’ The study exclusion criteria were:
The patient’s transfer to other wards or hospitals while adjusting
the pressure support, or cardiac arrest or hemodynamic instability
in the patients.

Firstly, a three-part questionnaire was completed by the
researcher for each patient who participated in the study. The first
part dealt with background information, including age, gender,
Acute Physiology and Chronic Health Evaluation (APACHE) IV score,
etc. The second and third parts examined the RSBl and RDOS scores
of the patients. The APACHE IV score was determined by an ICU
specialist (research collaborator).

The initial sampling was carried out by the simple nonrandom
method. The participants were then divided into two groups by the
ICU specialist (research collaborator) through random allocation;
thus, patients’ details were input into the minimization software and
included age, gender, body mass index (BMI), use of analgesics and
sedatives, APACHE IV score, and positive end-expiratory pressure
(PEEP). Based on the results provided by this software, 23 patients
were assigned to the control group and 33 patients to the trial group.
Minimization software is a method for randomization of samples,
and while randomizing, it distributes confounding variables, which
were inputinto the minimization software, between the two groups
in such a way that the two groups have the least difference in terms
of these variables. Pressure support was then adjusted by the ICU
specialist (research collaborator); it was adjusted according to the VT
and RRin the control group RSBl in the trial group. Pressure support
was adjusted such that the RR was <30/minute and the VT was
4-8 mL/kg in the first group, and RSBl was <105 breaths/min/L in
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the second group. In this study, in both groups, at the beginning, the
pressure support level was increased by 2 centimeter of water, and
then, VT, RR, and other criteria mentioned in the questionnaire were
monitored. If the patient was suffering from respiratory distress yet
and needed more pressure support, then the pressure support was
increased by 2 centimeter of water again, and this process continued
until the patient’s respiratory distress resolved; the maximum
allowable pressure support level was 25 centimeter of water. RSBI
and RDOS were measured again by the researcher 15 and 30 minutes
after adjusting the pressure support. The reason for measuring
respiratory signs at 15-minute intervals was thatin a study conducted
by Aliverti et al., the effect of four levels of pressure support on the
respiratory signs and indices was measured at 15-minute intervals."”
The present study was conducted in a double-blind format, since
the researcher who examined the patients’ respiratory distress and
participating patients had no knowledge of the pressure support
adjustment method used.

The RDOS has been used in different studies, and its reliability
has been confirmed with Cronbach’s alpha of 0.64.>?* Once sampling
ended, data were analyzed in SPSS-22. Flowchart 1—CONSORT flow
diagram shows the process of inclusion of the patients.

REesuLTs

Table 1 presents the demographic and clinical details of the patients
participating in the trial and control groups. The Chi-squared test
and independent t-test showed no significant differences between
the two groups in terms of the demographic and clinical details
(p >0.05). The independent t-test results showed no significant
differences between the two groups in the mean RSBl and RDOS
before (p = 0.374 and p = 0.657, respectively) and 30 minutes
(p = 0.103 and p = 0.218, respectively) after the adjustment of
the pressure support, but the difference between the groups in
the mean RSBI and RDOS was statistically significant (p = 0.025
and p = 0.044, respectively) 15 minutes after the adjustment
(Table 2). Table 3 and 4 show the comparison of the mean of RDOS
and RSBI between the groups at three times; based on the results
of the repeated measure analysis of variance test, the interaction
effect of group * time for RDOS has become significant nonlinearly
(p = 0.037), but none of the interaction effects of the time *group
for RSBl were significant (linear: p = 0.531; nonlinear: p = 0.272). The
lowest and highest adjusted pressure supports in both groups were
12and 24 cm H,0, respectively, and none of the patients in the study
needed the maximum allowable pressure support (25 cm H,0) to
relieve their respiratory distress symptoms.

Discussion

Although the most accurate method of pressure support
adjustment is the invasive measurement of WOB, this method
is not used in ICUs due to the lack of equipment for measuring
WOB; thus, one of the medical challenges in patients treated
with pressure support ventilation is finding the most accurate
noninvasive method of pressure support adjustment that can
reduce patients’ respiratory distress more and fast. The study
question was to investigate whether the RSBI method can reduce
patients’ respiratory distress more and faster than the VT and
RR methods. The present findings suggest that 15 minutes after
adjusting the pressure support, the mean RDOS and RSBI of the
patients reduce further in the RSBI group compared to the VT and
RR group. Moreover, the results showed no difference between
the two groups in terms of the mean RSBl and RDOS 30 minutes
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Flowchart 1: CONSORT flow diagram

Enrolment

Assessed for eligibility (n = 58) ‘

Excluded (n = 0)

» Not meeting inclusion criteria (n = 0)
* Declined to participate (n = 0)

« Other reasons (n = 0)

| Randomiz‘e'd (n=58) ‘

! ™ Alosation | y
Allocated to intervention (n = 23) Allocated to intervention (n = 33)
* Received allocated intervention (n = 23) * Received allocated intervention (n = 33)
« Did not receive allocated intervention » Did not receive allocated intervention
(give reasons) (n = 0) (give reasons) (n = 0)

v Follow-up v

Lost to follow-up (give reasons) (n = 0) Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (give reasons) (n = 0) Discontinued intervention (give reasons) (n = 0)

v Analysis v

Analyzed (n = 23)
* Excluded from analysis (give reasons) (n = 0)

Analyzed (n = 23)
* Excluded from analysis (give reasons) (n = 0)

Table 1: Comparison of demographic and clinical characteristics of patients in control and trial groups

Qualitative variables

Frequency (percentage) Frequency (percentage) Chi-

Variable in control group in trial group square (p)
Sex

Male 11 (47.8) 19 (57.6) 0.223

Female 12(52.2) 14 (42.4) 0.356
Use of sedatives and analgesics 22(95.7) 33(100) 0.227

Quantitative variables
Independent t-test

Variable Mean (SD) Mean (SD) p t
Age 59.09 (14.84) 54.73 (17.53) 0.894 —0.241
BMI 24.26 (4.32) 23.91 (4.51) 0.772 —-0.292
APACHE IV score 158.39 (71.56) 162.61(70.97) 0.828 0.218
PEEP 5.52(0.73) 5.67 (0.78) 0.485 0.703
Primary pressure support 12.43 (2.48) 13.33(2.33) 0.172 1.383
Secondary pressure support 19.30(3.34) 18.91 (3.09) 0.65 0.465

Table 2: Comparison of RSBl and RDOS between two groups before and 15 and 30 minutes after
pressure support adjustment

Control group Trial group Independent t test
Variable Mean (SD) Mean (SD) p t
RSBI before adjustment 117.43 (15.23) 114.33 (10.70) 0.374 —0.896
RSBI 15 minutes after adjustment 78.39(10.22) 71.61(11.28) 0.025 -23
RSBI 30 minutes after adjustment 66.39 (11.23) 60.91 (12.80) 0.103 -1.657
RDOS before adjustment 6.17 (2.66) 6.2 (2.58) 0.657 —0.446
RDOS 15 minutes after adjustment 5.97 (2.44) 3.01(1.69) 0.044 —1.787
RDOS 30 minutes after adjustment 3.11(1.39) 2.39(1.30) 0.218 -1.09
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Table 3: Comparison of RDOS between the groups before, 15, and 30 minutes after setting the pressure support

Type lll sum of Partial eta

Source Time squares df Mean square F Sig. squared
Time Linear 370.621 1 370.621 154.189  0.000 0.741

Quadratic 7.370 1 7.370 9.093  0.004 0.144
Time *group  Linear 4.193 1 4.193 1.744  0.192 0.031

Quadratic 3.728 1 3.728 4599  0.037 0.078
Error (time) Linear 129.798 54 2.404

Quadratic 43.769 54 0.811

Table 4: Comparison of RSBI between the groups before, 15, and 30 minutes after setting the pressure support

Type lll sum of

Source Time squares df Mean square F Sig. Partial eta squared
Time Linear 73958.483 1 73958.483 766.776  0.000 0.934

Quadratic 7883.009 1 7883.009 172482  0.000 0.762
Time*group  Linear 38.411 1 38.411 0.398  0.531 0.007

Quadratic 56.176 1 56.176 1.229  0.272 0.022
Error (time) Linear 5208.509 54 96.454

Quadratic 2467.988 54 45.703

after adjusting the pressure support. In other words, these two
methods finally (30 minutes after adjusting the pressure support)
reduced the patients’ respiratory distress almost equally, but in
the first 15 minutes after adjusting the pressure support, the RSBI
adjustment method decreased patient’s respiratory distress further
than the conventional method; thus, adjusting pressure support
using the RSBl method seems to relieve symptoms of respiratory
distress faster than when the conventional method is used. As a
result, the application of RSBI for adjusting pressure support may
be more accurate than the conventional method.

This finding is also confirmed by the results of a study
conducted by Johannigman et al. on the relationship of WOB with
RR, RSBI, and other respiratory pattern variables. The cited study
was conducted on 15 patients under treatment with pressure
support ventilation admitted to the ICU. The results showed a
strong relationship between RSBI and the WOB measured by an
invasive method (r = 0.983), but RR alone was also related to WOB
(r=10.894), although the severity of this relationship was less than
that of RSBL."” In other words, according to the results of the study,
RSBI is a parameter that is most related to WOB, and the index
is thus probably a more accurate method for adjusting pressure
support than using the RR.

According to the results obtained by Alberti et al., the
correlation between WOB and RR is not so strong. The aim of that
study was to assess the effect of using respiratory pattern variations,
P0.1, and WOB on the correct adjustment of pressure support in
mechanically ventilated patients. Their samples consisted of 10
patients with respiratory failure. In their study, the patients’ pressure
support was adjusted to PS 100 at first (a level of pressure supportin
which P0.1 is less than 1.5 centimeter of water and the WOB is close
to 0J/L) and was then reduced to PS 85 (a level of pressure support
that is 85% of PS 100), PS 70, and PS 50. The RR, VT, RSBI, P0.1, and
WOB were measured as pressure support was being decreased.
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Based on the results, a significant positive relationship was observed
between P0.1 and WOB (r = 0.87). There was also a relatively
strong relationship between RR and WOB, although weaker than
the relationship between WOB and P0.1 (r = 0.53). These results
generally show thatin patients under pressure support ventilation,
P0.1 is probably a more sensitive parameter for adjusting pressure
support compared to RR and VT’

The results of a study conducted by Banner et al. to determine
the relationship between respiratory pattern variables and WOB
showed that the relationship between all these variables and
WOB was weak. The cited study was carried out on 67 patients
treated with pressure support ventilation. The results showed a
slight relationship between these variables and WOB. These results
suggest that it is better not to use changes in respiratory pattern
variables for adjusting pressure support and that the measurement
of WOB is preferred for adjusting pressure support.2°

Some studies have shown that using respiratory pattern variables
is not a proper way for adjusting pressure support. Nonetheless,
the results of some studies reject the inefficiency of respiratory
pattern variables in adjusting pressure support and propose the
measurement of RSBI as a possibly proper method of adjusting
pressure support. Very few studies have been conducted in this
field; therefore, further studies with larger sample sizes are required.

Bennet 840, Hamilton C2, Hamilton C3, Hamilton Raphael,
and Bellavista ventilators were available in the ICU of the research
environment. Some of them have internal flow sensors and some
others have external flow sensors; therefore, their accuracy in
displaying patients’ data is different, but due to the limited number
of ventilators, it was not possible to use one model of the ventilator
(limitation of the study), but all flow sensors were calibrated before
the intervention. The findings of this study can be used for future
research to find the best method of adjusting pressure support to
reduce patients’ respiratory distress more and faster.
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CONCLUSION

VT, RR, and RSBI methods finally reduced the patients’ respiratory
distress almost equally, but patients’ respiratory distress was
decreased more significantly in the first 15 minutes after adjusting
the pressure support in RSBI group compared to the VT and RR
group. Therefore, adjusting pressure support based on the RSBI
reduced patients’ respiratory distress faster than the conventional
method. In other words, RSBl may be a more accurate method for
pressure support adjustment than the conventional method.
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