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ABSTRACT

Objective: To evaluate the effect of the association of the breath stacking (BS) technique
associated with routine physiotherapy on pulmonary function, lung volumes, maximum
respiratory pressures, vital signs, peripheral oxygenation, thoracoabdominal mobility, and
pain in the surgical incision in patients submitted to upper abdominal surgery during the
postoperative period, as well as to analyze BS safety. Methods: This was a randomized
clinical trial involving 34 patients divided into a control group (CG; n = 16), who underwent
conventional physiotherapy only, and the BS group (BSG; n = 18), who underwent
conventional physiotherapy and BS. Both groups performed two daily sessions from
postoperative day 2 until hospital discharge. The primary outcomes were FVC and Vt.
The safety of BS was assessed by the incidence of gastrointestinal, hemodynamic, and
respiratory repercussions. Results: Although FVC significantly increased at hospital
discharge in both groups, the effect was greater on the BSG. Significant increases in
FEV,, FEV,/FVC ratio, PEF, and FEF,.. . occurred only in the BSG. There were also
significant increases in Ve and Vt in the BSG, but not when compared with the CG values
at discharge. MIP and MEP significantly increased in both groups, with a greater effect on
the BSG. There was a significant decrease in RR, as well as a significant increase in SpO,
only in the BSG. SpO, acutely increased after BS; however, no changes were observed in
the degree of dyspnea, vital signs, or signs of respiratory distress, and no gastrointestinal
and hemodynamic repercussions were observed. Conclusions: BS has proven to be
safe and effective for recovering pulmonary function; improving lung volumes, maximum
respiratory pressures, and peripheral oxygenation; and reducing respiratory work during
the postoperative period after upper abdominal surgery.

Keywords: Abdomen/surgery; Pulmonary ventilation; Physical therapy modalities.
(ClinicalTrials.gov identifier: NCT 04418700 [http://www.clinicaltrials.gov/])

hypoxemia, pneumonia,®? tracheobronchial infection,
acute respiratory failure, prolonged mechanical ventilation

The number of surgeries has exponentially grown
in recent years and, among these, abdominal surgery
is prominent.() Upper abdominal surgery (UAS),
often used for the diagnosis and treatment of several
diseases,® implies an incision in the upper quadrants
of the abdominal region.®® Certain aspects of UAS, such
as anesthesia, incision, factors related to the surgical
act, and individual characteristics of the patient,®**
may induce complications such as reflex inhibition of
the diaphragm, pain, hypoventilation,® reduction in
respiratory muscle strength, and inhibition of coughing.)
The post-surgical respiratory pattern is predominantly
characterized as restrictive, with a decrease in VT,
VC, and functional residual capacity.®” Therefore, the
most common complications after UAS are atelectasis,

and/or intubation, bronchospasm,“® pulmonary
thromboembolism, pleural effusion, and respiratory
failure.*® These are identified as a direct cause of
increased morbidity, mortality, length of hospital stay,
and costs.

In this regard, several techniques or mechanical
devices have been utilized to encourage the patient
to inhale deeply and promote lung expansion.*>1¢) In
1990, with the technique developed by Marini et al.*”
to measure VC, it was demonstrated that patients with
different diagnoses were able to generate and sustain
greater inspiratory volumes than those achieved with
incentive spirometry. This technique, designated breath
stacking (BS), consists of successive inspirations
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through a unidirectional valve with an expiratory
branch block. Successive inspiratory efforts with
expiration impediment through BS increase chest
volume, promoting the redistribution of air in areas
with different time constants. Sustaining maximum
inspiration causes an increase in transpulmonary
pressure, recruiting collapsed alveoli and contributing
to the increase in Pao, and lung expansion.”*9) BS has
already been applied in patients with neuromuscular
diseases,?°2%) acute lung injury,(?® obesity,(*3:26)
during the postoperative period of cardiac*® and
abdominal®” surgery, in tracheostomized patients,®)
and in children,?® showing promising results on lung
function and respiratory mechanics.

To our knowledge, this is the first randomized
clinical trial conducted to assess the efficacy and
safety of the BS technique in patients after UAS.
Therefore, this study aimed to evaluate the effect
of the association of the BS technique with routine
physiotherapy on pulmonary function, lung volumes,
maximal respiratory pressures, vital signs, peripheral
oxygenation, thoracoabdominal mobility, and pain in
the surgical incision during hospitalization after UAS,
as well as to analyze safety aspects of BS.

METHODS

This was a randomized clinical trial performed in the
General Surgery Unit—Surgical Clinic at the University
Hospital of Santa Maria, located in the city of Santa
Maria, Brazil. The study was approved by the local
research ethics committee. All participants signed an
informed consent form at the beginning of the study.

Patients were randomly assigned to the control
group (CG), which performed routine physiotherapy
at the unit, or to the breath stacking group (BSG),
treated with routine physiotherapy associated with
the BS technique. The allocation into groups occurred
after the end of the first evaluation by an independent
researcher, using randomization at the random.
org website at a 1:1 ratio. Evaluators were blinded
concerning the type of intervention.

Sample size was estimated after FVC (in % of
predicted values) results of the first 8 patients in each
group at hospital discharge, using a power of 80%
and an alpha error of 5%. Given that the difference
between CG (60.9 £ 11.1%) and BSG (71.5 £ 9.7%)
in FVC was 10.6%, the sample should have at least 16
patients in each group. The patients used for sample
calculation were also included in the final statistical
analysis. The sample size power was 89.2%.

Patients of both genders, between 18 and 65 years
of age, and who underwent UAS with an incision in
the upper quadrant of the abdominal region were
included. Patients presenting with intolerance to
the use of the BS mask, COPD, asthma, Crohn’s
disease, and severe liver trauma with hemodynamic
repercussions were excluded, as were those who
underwent esophagectomy, developed sepsis with
hemodynamic complications during the postoperative
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period, required surgical reintervention, were admitted
to the ICU, required mechanical ventilation after
discharge from the recovery room, or had a cognitive
disorder that precluded evaluations or intervention.

The medical records were analyzed to fill out the
checklist with inclusion and exclusion criteria and to
record laboratory test results and anthropometric,
clinical, and surgical characteristics. The evaluations
took place on the second postoperative day (between
24 and 48 h after surgery) and at hospital discharge.
Primary outcomes were FVC and VT. Secondary
outcomes were systemic blood pressure (BP), HR,
RR, Sp0,, thoracoabdominal mobility, pain perception
threshold, VE, FEV,, FEV,/FVC ratio, PEF, FEF
MIP, and MEP.

Systemic BP and HR were measured using a
stethoscope (Littmann; 3M, Maplewood, MN, USA)
and a sphygmomanometer (Premium; Beijing Choice
Electronic Technology, Beijing, China). SpO, was
assessed with a portable pulse oximeter (G-Tech;
Beijing Choice Electronic Technology). RR was measured
by the movements of the rib cage during the respiratory
cycles in one minute. Thoracoabdominal mobility was
assessed using an anthropometric tape positioned at
three anatomical landmarks: axillary fold, xiphoid
appendix, and umbilical line. For each landmark, three
measurements were taken, with one-minute intervals
between each landmark. The measurements with the
highest value for each landmark were selected.®® To
assess the pain perception threshold in the surgical
incision, a digital pressure algometer (model FPX
50/220; Wagner Instruments, Greenwich, CT, USA),
which determines the pressure pain threshold, was
used. The evaluator exerted pressure with a 1-cm
diameter rubber tip on the skin at a 90° angle, at a
distance of 2-3 cm from the incision at three levels
(upper, middle, and lower). Subsequently, the mean
between the three values reported by the patient as
painful discomfort was calculated.® Additionally, a
visual analog scale was used in order to assess pain
perception.

25-75%"

Measurements of V1 and VE were obtained with
the use of a Wright respirometer (British Oxygen
Company, London, England). Spirometry variables
(FVC, FEV,, FEV /FVC ratio, PEF e FEF, . ) were
obtained using a portable spirometer (Spirobank
IT; Medical International Research, Rome, Italy),
as recommended by international guidelines© and
expressed as % of predicted values in accordance
with Pereira et al.*? Respiratory muscle strength (MIP
and MEP) was evaluated using a digital manometer
(MVD300; GlobalMed, Porto Alegre, Brazil), and the
results were expressed as % of predicted values
based on the equation by Pessoa et al.?

In order to analyze the safety of the BS technique,
we assessed the following variables before and after
the first session: degree of dyspnea (modified Borg
scale),®% SpO,, RR, HR, BP, signs of respiratory distress
(tachypnea, sweating, cyanosis, mental confusion,
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and use of accessory muscles), and gastrointestinal
symptoms (nausea, vomiting, and abdominal pain).

Patients in the CG received routine physiotherapy
care, in two daily sessions, with the use of bronchial
hygiene techniques, lung re-expansion, general
mobilization, walking, and guidance for post-discharge
care. In addition to routine physiotherapy, the BSG
was treated with the BS technique, with the first
intervention taking place between 24 and 48 h after
surgery in two daily sessions until hospital discharge.
BS was applied with a silicone face mask coupled to
a unidirectional valve that allowed inspiration only
(the expiratory branch was obstructed).(*®) Patients
performed the maneuver with successive inspiratory
efforts for 20 s. Thereafter, the expiratory branch
was unobstructed to allow expiration. This maneuver
was repeated five times at each set, with intervals of
30 s between them, in three sets*®) (2-min interval
between sets).® The technique was performed
with the upper body inclined at an angle of 30° in
relation to the horizontal plane. Total therapy time
was up to 20 min. During the interventions, there
was continuous monitoring by pulse oximetry to
measure SpO, and HR.

Statistical analysis was performed using GraphPad
Prism 5 (GraphPad Software Inc., San Diego, CA, USA).
Data distribution was assessed with the Kolmogorov-
Smirnov normality test. Fisher’s exact test was used
for categorical variables. For continuous variables,
comparisons between the groups at baseline were
performed using the unpaired Student’s t-test or the
Mann-Whitney test. Comparisons regarding the safety
of BS were analyzed using the paired Student's t-test.
Variables with more than two measures were compared
by two-way ANOVA for repeated measures, followed
by post-hoc Bonferroni test. Data are presented as
mean * SD, and the differences between groups were

expressed as A and their respective 95% CIs. The
level of 5% was considered significant (p < 0.05).

RESULTS

Between June 2020 and March 2021, 47 potentially
eligible patients were screened, 36 of whom met the
criteria and were randomized. However, 2 patients
withdrew consent (1 from each group) during the
study period. Therefore, the whole sample comprised
34 patients. Figure 1 demonstrates the flow chart of
the patient selection process.

The groups were similar regarding anthropometric,
clinical, and surgical characteristics, as well as
protocol time and laboratory test results (Table
1). The most extensive surgeries were as follows:
exploratory laparotomy, in 11 patients (32.5%);
partial hepatectomy, in 6 (17.6%); splenectomy, in
4 (11.8%); and open cholecystectomy, in 3 (8.8%),
with a similarity between the groups. The number
of elective and emergency surgeries was also similar
between the groups. The major clinical diagnoses
were acute perforated abdomen due to trauma, in 6
patients (17.7%); liver neoplasm, in 6 (17.7%); rectal
neoplasm, in 4 (11.8%); pancreatic neoplasm, in 3
(8.8%); and stomach cancer, in 2 (5.9%).

There was an increase in FVC in both groups, more
markedly in the BSG. In addition, FEV,, FEV,/FVC
ratio, PEF, FEF,, ., , Vt, and Ve significantly increased
in the BSG but not in the CG (Table 2). Both groups
showed a significant increase in MIP and MEP at
hospital discharge, although the effect was higher
on the BSG.

There was a significant decrease in RR and body
temperature and a significant increase in SpO, in
the BSG at hospital discharge, but not in the CG.

Potentially eligible patients (n = 47)

Excluded (n = 11)
COPD (n =2)

A

A

Y

Asthma (n = 3)
Esophagectomy (n = 5)
PO Complication (n = 1)

Randomized (n = 36)

Y

Y

Control group (n = 17)

Allocation

Breath Stacking group (n = 19)

|

|

Withdrew consent (n = 1)

Continuation

Withdrew consent (n = 1)

4

4

Analyzed (n = 16)

Analysis

Analyzed (n = 18)

Figure 1. Flow chart of the patient selection process. PO: postoperative.
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There were no changes in other vital signs in either
group (Table 3).

Thoracoabdominal mobility and pain perception as
assessed by algometry were similar in both groups.
There was a significant decrease in pain perception
using the visual analog scale in both groups but no
significant difference between the groups (Table 4).

The findings related to the safety of BS are shown
in Table 5. There was an increase in Sp0, as an acute
answer to BS; however, there were no changes in
the degree of dyspnea or vital signs. There were no
significant changes in signs of respiratory distress or
gastrointestinal symptoms. Based on the reports, only
1 patient (2.9%) had mild abdominal pain before BS,
which stopped shortly after its performance, and 2
remained with nausea (5.8%). During the study, there
was no need to interrupt the protocol, and no adverse
events related to the data collected were observed.

DISCUSSION

The main findings of this clinical trial demonstrated
that the use of BS associated with routine physiotherapy
after UAS favored the recovery of pulmonary function,
improved maximal respiratory pressures and
oxygenation, and reduced RR at hospital discharge.

Our results showed a significant recovery in FVC
in both groups, but the effect was more significant
in the BSG. In comparison with the CG, significantly
favorable responses to BS were found in FEV,, FEV,/
FVC ratio, PEF, and FEF,, ,.,, in the BSG. As suggested
by Baker et al.,(*® BS allows the mobilization of
larger lung volumes, probably due to increased
lung compliance and decreased respiratory system
resistance, thus resulting in the recruitment of collapsed
alveoli and re-expansion of areas of atelectasis.

Successive inspirations progressively increase lung
volume until maximum inspiratory volumes are
involuntarily reached, activating greater lung expansion
from functional residual capacity to full pulmonary
capacity.*® In this context, the recovery of FVC
seems to be related to the increase in the volume
of mobilized air. The improvement in FEV, and FEV,/
FVC ratio in response to BS also suggests the ability
of this technique to mobilize larger lung volumes.(??

As demonstrated in a previous study,®® the
generation of higher expiratory flows seems to be
related to the moment of maximum insufflation
reached by the BS technique, which may explain
the increase in PEF and FEF,, ., after the technique.
Once this is reached, the volume of compressed air is
released under the force of the expiratory muscles,
thus improving the explosive phase of coughing with
the retraction of the lungs, distension of the chest
wall, and stretching of the expiratory muscles,®® that
is, the greater the inspired volume is, the greater the
elastic recoil pressure and PEF will be.(?® Because
of this, the positive impact of the maneuver on the
evolution of PEF and FEF,, ., is evident in our study.

Other investigations have demonstrated the
favorable effects of BS on FVC and peak cough flow
in patients with amyotrophic lateral sclerosis®?? and
on the decline in pulmonary function in those with
Duchenne muscular dystrophy.?? A study® involving
patients submitted to cardiac surgery showed that
BS promoted higher inspiratory volumes between
postoperative days 1 and 5 when compared with
standard and incentive spirometry procedures, but
had a similar effect on FVC during the same period.
Dias et al.,?” in a crossover clinical trial, reported
the acute effect of BS in generating and sustaining

Table 1. Clinical and anthropometric characteristics of the patients (N = 34).2

Variable
Control
(n = 16)
Male, n (%) 8 (50.0)
Age, years 53.0 + 13.1
BMI, kg/m? 26.7 (24.2-34.2)
Length of hospital stay, days 7.0 (6.0-8.8)
Protocol period, days 4 (3-5)
Operative time, min 177.0 £ 75.0
Anesthesia time, min 229.7 + 83.7
Laboratory tests
Hemoglobin, g/dL 12.1+£2.4
Erythrocytes, x 10° mm? 4.1+0.7

10,530 + 6,355
194 (151-286)

Leukocytes, x10° mm?
Platelets, x10° mm?

Creatinine, mg/dL 0.9 (0.8-1.2)
Urea, mg/dL 44.0 + 21.5
PT, s 14.3 (14.0-17.2)
PTT, s 37.6 (34.9-41.0)

Group
Breath stacking
(n = 18)

10 (55.5) 0.75
45.6 + 12.5 0.10
25.0 (22.2-29.0) 0.08
6.5 (5.0-8.3) 0.40
4 (4-4) 0.61
161.5 £ 59.2 0.50
201.9 + 62.7 0.28
11.6 +2.3 0.55
4.1:0.8 0.78
9,611 + 4,198 0.62
215 (169-307) 0.52
0.8 (0.7-1.3) 0.54
35.7 £ 11.7 0.20
15.3 (14.1-16.5) 0.83
36.7 (32.0-45.1) 0.90

PT: prothrombin time; and PTT: partial thromboplastin time. ?Values expressed as mean = SD or median (IQR),

except where otherwise indicated.
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Table 2. Comparison between control and breath stacking groups regarding lung function, ventilation, and respiratory

muscle strength variables on postoperative day 2 and at discharge.?

Variable Group ABS —
Control BS Control
POD2 Discharge ADischarge — POD2 Discharge = ADischarge
POD2 — POD2
FVC, %pred 47.0+15.3 59.8 +26.0 12.8 47.3+18.1 77.7+25.2 30.4 17.6
(0.7-24.9)* (19.0-41.8)*  (3.4-31.8)*
FEV,, %pred 43.6 + 15.0 55.6 + 24.6 12.1 42.4+£17.3 747 +171 32.3 20.2
(-0.2 to 24.3) (20.8-43.8)*  (5.9-34.5)*
FEV,/FVC, %pred 99.0 + 16.4 99.4 + 11.8 0.4 93.9+15.6 104.0 + 12.2 10.1 9.7
(-7.0t0 7.8) (3.1-17.1)* (1.3-18.1)*
PEF, %pred 30.6 £ 10.9 34.1+16.3 3.6 31.3+10.0 55.4+12.3 241 20.5
(-6.8 to 14.0) (14.3-33.9)*  (8.3-32.7)*
FEF ;0 %pred — 39.9 £ 14.5 47.8 +19.6 7.9 37.6 £17.1 64.3+£19.0 26.7 18.8
(-4.2 to 20.0) (15.3-38.1)* (4.9 to 32.7)*
Ve, L/min 10.4+3.0 11.7+t4.6 1.3 9.0+3.5 12.3£5.9 3.3 2.0
(-1.5to 4.1) (0.5-6.1)* (0.9 to 4.9)
Vt, L 0.6+0.2 0.7:0.3 0.1 0.5+0.3 0.7 £+ 0.3 0.2 0.1
(-0.1t00.2) (0.0-0.3)*  (-0.1t0 0.2)
MIP, %pred 46.0 + 33.3 59.0 + 34.8 13.0 48.8 +40.9 78.7 + 38.1 29.8 16.8
(0.1-25.9)* (17.7-42.0)*  (2.4-31.2)*
MEP, %pred 23.1+11.7 33.1+19.4 10.0 31.0+20.0 51.5+28.8 20.5 10.5
(1.1-18.9)* (12.1-28.9)*  (0.5-20.5)*

BS: breath stacking; POD2: postoperative day 2; and %pred: % of predicted value. 2Values expressed as mean +

SD or A (95% CI). *p < 0.05.

Table 3. Comparison between the control and breath stacking groups regarding vital signs and peripheral oxygen

saturation on postoperative day 2 and at discharge.?

Variable Group ABS -
Control BS Control
Discharge  ADischarge POD2 Discharge ADischarge
— POD2 — POD2
HR, bpm 86.3 + 83.8 + -2.5 90.8 + 85.1 + -5.7 -3.2
13.9 15.0 (9.0 to 4.0) 12.8 12.6 (-11.8 t0 0.5) (-10.7 to 4.3)
RR, breaths/min 17.8 + 18.1 0.3 20.1 + 18.4 + -1.7 -2.0
3.7 3.4 (-1.5t0 2.0) 3.3 3.2 (-3.3t00.0)* (-4.0to 0.0)*
SBP, mmHg 134.4 + 136.3 = 1.9 124.4+ 127.8 3.4 1.4
15.0 18.9 (-9.9 to 13.7) 16.9 18.7 (-7.8 to 14.4) (-11.8 to
14.6)
DBP, mmHg 80.0 + 80.6 + 0.6 77.2 + 81.7 + 4.4 3.8
9.7 12.9 (-8.3t09.5) 15.3 10.4 (-3.9t0 12.8) (-6.1t0 13.7)
MBP, mmHg 98.1 + 99.2 + 1.1 93.0 + 97.0 + 4.0 3.1
10.4 13.5 (-8.2 to 10.3) 15.2 12.8 (-4.6 to 12.8) (-7.2 to 13.4)
Body temperature, °C  36.3 + 36.3 + 0.0 36.5 + 36.2 + -0.3 -0.3
0.4 0.3 (-0.4 t0 0.3) 0.6 0.4 (-0.6 to 0.0)* (-0.7 to 0.1)
SpO, % 95.0 + 95.4 + 0.4 95.1 + 97.4 + 2.3 1.9
1.8 2.3 (-1.1to0 1.8) 1.6 1.9 (1.0-3.7)* (0.3-3.5)*

BS: breath stacking; POD2: postoperative day 2; SBP: systolic blood pressure; DBP: diastolic blood pressure; and
MBP: mean blood pressure. #Values expressed as mean + SD or A (95% CI).*p < 0.05.

inspiratory volumes, which was shown to be superior to
incentive spirometry on postoperative day 1 after UAS.

Our results also showed a trend toward an increase
in Vt and Ve in the BSG. Knowing that Ve results from
the product between Vt and RR, we can suggest that
the increase in Ve after the BS technique is due to
the elevation of Vt, since RR did not increase. The
increase in Vt may result from the increase in the
transpulmonary pressure gradient, which allows
the re-expansion of collapsed alveoli, improving

pulmonary ventilation.® This finding also seems to
be related to the occlusion of the expiratory branch in
the mask, which evokes compensatory mechanisms
for Vt maintenance, progressively stimulating the
respiratory center to accumulate lung volumes and
favoring collateral ventilation.*” Another study had
already hypothesized that BS induced greater lung
volumes than did incentive spirometry, because the
unidirectional valve allows the inspiratory muscles to
relax, without losing lung expansion.® In addition, it

J Bras Pneumol. 2022;48(1):e20210280
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Table 4. Comparison between the control and breath stacking groups regarding thoracoabdominal mobility and pain

perception on postoperative day 2 and at discharge.?
Variable Control

POD2 Discharge

ADischarge
— POD2

Axillary Cirt, cm 1.5+1.4 2.0:z0.8 0.5
(-0.8 to 1.8)
Xiphoid Cirt, cm 0.7+1.2 1.3zx1.7 0.6
(-0.5to 1.8)
Umbilical Cirt,cm 0.4+1.5 0.3+£1.5 -0.2
(-1.5t0 1.2)
Algometry, kgf/cm? 1.4+0.5 1.7+1.1 0.3
(-0.2 t0 0.9)
VAS 42+2.0 2419 -1.8
(-3.1 to -0.5)*

BS ABS —
POD2 Discharge ADischarge Control
— POD2
1.9+2.7 2.4+1.6 0.4 -0.1
(-0.8 to 1.7) (-1.5t01.3)
0.6+1.8 1.4+1.9 0.8 0.2
(-0.3to 1.9) (-1.1 to 1.5)
-0.1+1.6 0.1+2.8 0.2 0.4
(-1.0to 1.4) (-1.1t0 1.9)
1.1+0.6 1.6+1.0 0.4 0.1
(-0.1 to 0.9) (-0.5t0 0.7)
47+25 1.9zx2.0 -2.8 -1.0
(-4.0 to -1.5)* (-2.51t00.5)

BS: breath stacking; POD2: postoperative day 2; Cirt: cirtometry; and VAS: visual analog scale. 2Values expressed

as mean = SD or A (95% CI). *p < 0.05.

Table 5. Assessment of safety of the breath stacking technique.?

Variable First intervention APost — Pre
Pre Post
Borg scale 0.5+0.8 0.2+0.5 -0.3 (-0.7 to 0.1)
Sp0,, % 96.1 1.7 97.3 £ 1.40 1.2 (0.5t01.8) *
RR, breaths/min 19.1+2.7 19.4+2.8 0.3 (-0.3t0 1.0)
HR, bpm 85.3+9.9 85.6 + 10.8 0.3(-1.4t01.9)
SBP, mmHg 127.8 + 15.1 125.6 + 14.2 -2.2 (-5.9 to 1.5)
DBP, mmHg 82.2+11.7 81.7 £+ 11.0 -0.6 (-4.9 to 3.8)
MBP, mmHg 97.4 + 11.5 96.3 +10.9 -1.1 (-4.8 t0 2.6)

SBP: systolic blood pressure; DBP: diastolic blood pressure; and MBP: mean blood pressure. ®Values expressed as

mean £ SD or A (95% CI). *p < 0.05.

has been suggested that cumulative breathing allows
the support of intrapulmonary pressure, redistribution
of volume by interdependent forces, and opening of
hypoventilated areas through collateral ventilation
in the lung bases and peripheral regions, which
are more predisposed to complications during the
postoperative period.(>

We observed an improvement in MIP and MEP
after BS, which are indicators of respiratory muscle
strength.® This finding can be explained, at least
in part, due to the prolonged inspiratory time
(hyperinflation) added to the pauses between
inspiratory efforts during the BS maneuvers, which
allow the phasic relaxation of the inspiratory muscles,
especially the diaphragm, reducing the load imposed
on this muscle and optimizing its performance.® It
is plausible to suggest that BS may be beneficial to
respiratory muscles after UAS. However, its effects
on muscle strength as a primary outcome should be
tested in future investigations.

The reduction in RR in response to the BS
protocol can be explained by the decrease in energy
requirements triggered by the increase in lung
volume and in thoracic and pulmonary compliance,
as well as by alveolar recruitment.?® Therefore, it
is suggested that the decrease in RR reflects in the
reduction of respiratory work, in lower ventilatory
muscle energy expenditure, and, consequently, in
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greater comfort for the patient at hospital discharge.
Only the BSG showed significantly superior results in
SpO, at hospital discharge. According to one group
of authors,” the maximum inspiration generated
by the application of the mask causes an increase
in transpulmonary pressure and maintains alveolar
pressure, contributing to the increase in Pao,. Thus,
it is likely that the improvement in SpO, reflects the
effect of the mask on Pao,, but this variable was not
evaluated in our study.

There was no significant change in thoracoabdominal
mobility at hospital discharge in either group. It
is suggested that this small variation observed on
cirtometry is due to the surgical procedure itself,
because diaphragm dysfunction, pain, surgical
incision, effect of anesthesia, and fear of the patient
to take deep breaths are factors that contribute to
its limitation.%3% The reduction in pain related to
the surgical incision in both groups is an expected
finding, especially due to the normal course of the
postoperative period.® Furthermore, all patients were
regularly prescribed analgesics. Thus, we observed
that BS, despite recruiting greater lung volumes and
capacities, did not induce greater pain at the incision
site, which points to favorable aspects related to the
safety and comfort of the technique. BS proved to
be safe since the first intervention, as it induced no
changes in perceived exertion, RR, HR, or BP, and
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caused no greater respiratory or gastrointestinal
symptoms. Improvement in SpO, soon after using
the BS technique acutely points to its effectiveness.

Among the limitations of the study, we must report
the short hospital stay after UAS in our hospital, with
a consequent reduction in the number of BS sessions,
which restricts our results to a short-term intervention.
An increase in sample size may help reduce the 95%
CIs in future studies. A specific demand from a patient
could interfere with routine physiotherapy or BS, but
this did not happen in our study. The sustained effects
of the BS technique, evaluated after hospital discharge,
may be considered in future investigations. The clinical
applicability and external validity of this study can
be considered, since the BS protocol was described
in detail, is easy to apply, has low costs, and can be
used safely and effectively in hospitalized patients
following UAS, as well as in patients undergoing other
types of abdominal surgery.

To our knowledge, the present study is the first
randomized clinical trial that investigated the efficacy

and safety of BS in patients submitted to UAS. BS
proved to be a safe alternative, combined with
routine physiotherapy, for the recovery of pulmonary
function, improving lung volumes, maximal respiratory
pressures, and peripheral oxygenation, as well as
reducing respiratory work of patients submitted to
UAS during the postoperative period.
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