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Summary

Incentive spirometry is one of the most common methods used for respiratory rehabilitation in the early period
after cardiac surgery. Inspiratory capacity values, obtained by a patient using spirometer, are not reliably trusted.

Objectives. To compare volumetric parameters measured with incentive spirometer and results obtained
with bedside ultrasound-based spirometer to assure the feasibility of the use of incentive spirometry to assess
the inspiratory capacity and effectiveness of postoperative respiratory rehabilitation.

Materials and methods. The study included 50 patients after elective cardiac surgery. Pulmonary rehabil-
itation involved the use of various respiratory therapy methods. Spirography was performed before and after
each session. Both approaches were used simultaneously to obtain the spirometry maximum inspiratory ca-
pacity (SMIC) with a bedside ultrasonic spirography and maximum inspiratory capacity (MIC) index using an
incentive spirometer. Patient’s discomfort and adverse events during the procedures were recorded.

Results. The absolute values of the MIC measured before and after each session by the two methods were
dissimilar, however, the average increment values (A) did not show statistically significant differences. The
correlation analysis revealed a strong positive statistically significant relationship between A SMIC and A MIC
(R=0.74 before the session, R=0.79 after the session, R=0.77 across the whole data set, P< 0.01), also consis-
tent with the Bland-Altman analysis, evidencing that more than 95% of all values fell within + 1.96 SD of the
mean difference. The inspiratory spirometry method showed good diagnostic accuracy (sensitivity 87%, speci-
ficity 85%, area under the curve (AUC) 0.8 (95% CI: [0.76; 0.83]), P < 0.001). Refusals of procedure were more
often documented with ultrasonic spirography.

Conclusion. The increment in the inspiratory capacity index measured with incentive spirometer shows
good agreement with ultrasonic spirography measurements. Therefore, incentive spirometry can be reliably
used to assess the effectiveness of respiratory rehabilitation interventions in cardiac surgery patients during
early postoperative period.
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Introduction (jons in the postoperative period. These include vi-

Cardiac surgery is associated with a high risk
of respiratory complications in the immediate post-
operative period due to the need for cardiopul-
monary bypass and circulatory arrest, mechanical
lung injury, relatively large blood loss and blood
transfusion, prolonged «hard» mode mechanical
lung ventilation (MLV), thoracic damage, drug-in-
duced suppression of the respiratory center, respi-
ratory muscle weakness, etc. [1-4].

All of the above may lead to impaired drainage
function of the tracheobronchial tree, development
of atelectasis, decreased number of ventilated alveoli,
reduced lung vital capacity and respiratory failure.

Various methods of respiratory physical therapy
are used to prevent and treat respiratory complica-

broacoustic lung massage, positive expiratory pres-
sure (PEP) vibration therapy, and chest therapeutic
massage using high-frequency compression devices
(vests) [5-10]. The most common physiotherapeutic
methods used in the postoperative period include
incentive spirometry [11], which is based on meas-
uring changes in inspiratory volume using a special
device equipped with a piston and graded in ml.
Thus, the patient can independently control the
inspiratory volume during postoperative rehabili-
tation and strive to achieve target values, although,
strictly speaking, incentive spirometry is not a meas-
uring device. Meanwhile, the main effects of incentive
spirometry include respiratory muscle training, im-
proved expectoration and ventilatory parameters.
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Aim of the study. To compare the volumetric
parameters measured by incentive spirometry with
the results of bedside ultrasound spirometry and to
evaluate the feasibility of using incentive spirometry
to assess inspiratory capacity and the effectiveness
of postoperative respiratory physiotherapy.

Material and Methods

The study was conducted as a part of the
«Evaluation of clinical and economic efficiency of
various vibration therapy methods with regard to
their effect on gas exchange, respiratory function
parameters and expectoration in cardiac surgery
patients in early postoperative period for preven-
tion and treatment of postoperative respiratory
complications» prospective randomized study con-
ducted in Petrovsky Russian National Research
Center for Cardiovascular Surgery. The trial record
number on ClinicalTrials.gov is NCT05159401. The
study was approved by the local ethics committee
(protocol 12 dated 10/28/2021).

Inclusion criteria were as follows: age 18-80
years, spontaneous breathing after tracheal extuba-
tion, ability to maintain adequate gas exchange on
inhaled oxygen, clear consciousness and good com-
munication with the patient, adequate pain relief
(<3 points) on a 10-point pain visual analog scale
(VAS). Exclusion criteria were the need for mechan-
ical ventilation, non-invasive mask ventilation or
high-flow oxygen therapy, acute cerebrovascular ac-
cident, shock of various etiologies, ongoing bleed-
ing, use of extracorporeal blood purification, neu-
romuscular diseases, pneumothorax, hydrothorax
or hemothorax.

The analyzed group included 50 patients who
underwent elective surgery, including valve re-
placement (mitral, aortic) (N = 15), plastic valve
surgery (N = 7), septal myectomy (N = 10), aortic
valve replacement combined with septal myectomy
(N = 2), myocardial revascularization (N = 14, in-
cluding 4 surgeries performed in combination with
valve replacement), and combined ascending aorta
reconstruction and aortic valve replacement (N=2).
Surgery was performed under cardiopulmonary by-
pass at room temperature or moderate hypother-
mia in 48 patients. Postoperative analgesia for VAS
greater than 3 was administered with drugs that do
not affect respiratory function (intravenous ac-
etaminophen at a dose of 1 g or tramadol,
50-100 mg; or intramuscular ketoprofen, 100 mg; or
oral tapentadol, 50 mg).

During surgery, balanced multicomponent
anesthesia (intravenous propofol, midazolam, ke-
tamine, fentanyl, inhalational sevoflurane) was
used. Muscle relaxation was maintained by inter-
mittent intravenous boluses of pipecuronium bro-
mide. Del Nido (or blood or Custodiol) cardioplegia
was used for myocardial protection.

Spirometry was performed with a Spiro Scout
portable ultrasonic spirometer (Schiller, Switzer-
land) according to the device manual and the Rus-
sian Respiratory Society guidelines for spirome-
try [12, 13]. Before the study, the patient was
instructed on the correct examination technique.
The investigator explained and demonstrated the
correct grip of the mouthpiece and the breathing
maneuver (at least four cycles of quiet inhalation
and exhalation, followed by maximal deep inhala-
tion and maximal deep exhalation, performed
strictly at the request of the investigator, with the
completion of the breathing maneuver after the
subject's return to normal breathing). The measure-
ments were performed three times, the criterion for
a successful performance was the value of the vital
lung capacity (VLC) within 150 ml of the maximum
value obtained during the given test session. Several
parameters were measured, but for the purpose of
the study we used maximal inspiratory capacity
(MIC), which is the sum of tidal volume (V,) in ml
and inspiratory reserve volume (IRV) in ml.

The studies were performed 10-12 hours after
tracheal extubation, 3 times a day for the next
72 hours, before and after the use of different vibra-
tion techniques, such as vibroacoustic lung mas-
sage with the BARK VibroLUNG device, oscillating
PEP therapy with the Acapella Duet Green, mechan-
ical cough stimulation with the Comfort Cough Plus
mechanical aspirator, and classical therapeutic
manual chest massage with percussion and verbal
cough stimulation together with chest compres-
sions. A detailed description of each method is given
in our previous publications [14-17].

During these phases of the study, we per-
formed an incentive spirometry session (Coach-2
spirometer by SmithsMedical, USA). The following
procedure was used. After instruction and under
the control of the intensive care physician, the pa-
tient inhales through the spirometer mouthpiece
and exhales into the ambient air. The tidal volume
(V) value is recorded. The patient then places the
mouthpiece in his/her mouth and slowly inhales as
deeply as possible. The value of maximum inspira-
tory capacity (MIC), which is the sum of tidal vol-
ume and inspiratory reserve volume, is recorded.
The measurement was performed three times and
then the average value of this parameter was calcu-
lated. In this study, we analyzed 812 MIC and spiro-
metric MIC (SMIC) measurements (406 each). Any
adverse events and discomfort during these proce-
dures were also recorded. The tests were performed
by 6 specially trained physicians.

Statistical analysis was performed using Sta-
tistica 10.0 software (StatSoft, Inc.). The results ob-
tained during the study were evaluated for normal-
ity of distribution using the Shapiro-Wilk criterion.
Parametric and nonparametric methods of analysis
were used. Arithmetic means (M) and standard de-
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Table 1. The results of the measurement of the inspiratory capacity before and after respiratory physiotherapy

sessions (median, 10 and 90 percentiles or M+SD).

Ne Parameter (ml) Before the therapy P-value After the therapy P-value Average A P-value

1 MIC 1000 [500-2500] 0.01 1250 [600-3000] 0.04 200 [0-750] 0.38
SMIC 15554616 1735+666 180+270

2 MIC 1200 [500-2750] 0.53 1694+893 0.88 203+280 0.35
SMIC 1473+593 1587+591 95 [-225-510]

3 MIC 1400 [750-3000] 1.00 1500 [750-3100] 0.46 125 [-100-300] 0.06
SMIC 1519+578 1594+578 90 [-260-440]

4 MIC 1500 [600-3100] 0.92 1843+878 0.004 100 [-250-300] 1.00
SMIC 1510+605 1598+655 105 [-215-350]

5 MIC 1880+937 0.02 19224853 0.03 10 [-200-350] 0.65
SMIC 1640+617 1727+599 87+330

6 MIC 1906+920 <0.001 2025+971 <0.001 50 [-100-500] 0.17
SMIC 1588+499 1670+635 824291

7 MIC 2160+£976 <0.001 2261+1042 <0.001 25 [-250-300] 0.77
SMIC 1845+641 1855+675 10 [-250-300]

8 MIC 2255+965 <0.001 2500 [1000-4000] <0.001 50 [-100-400] 0.17
SMIC 1893+653 1878+648 5 [-380-390]

9 MIC 23214961 <0.001 2443+1004 <0.001 50 [-100-500] 0.88
SMIC 1970+628 2036+674 85 [-185-330]

Note. Here and in Tables 1, 2 and Fig. 1, 2. MIC — maximum inspiratory capacity; SMIC — spirometric maximum inspiratory

capacity.

viations (SD) were calculated for numerical param-
eters with normal distribution. Sets of numerical
parameters with non-normal distribution were de-
scribed using median (Me) and 10* and 90™ per-
centile values. The frequency of events in the group
was determined by Fisher's exact criterion. Differ-
ences were considered significant when P < 0.05.
The Pearson correlation coefficient (r) was calcu-
lated to assess the correlation between the same pa-
rameters from two different devices. The Bland-Alt-
man method was used to determine bias and
outliers, as well as the agreement between all results
and between the results of individual patients [18,
19]. Sensitivity and specificity of the methods were
determined by ROC analysis [20, 21].

Results and Discussion

Spirometry-based assessment of ventilatory
lung function plays an essential role in the diagnosis
and management of respiratory diseases and is
used to evaluate the effectiveness of various therapies
and the results of clinical trials [22-24].

Spirometry is a rather complex test that includes
training of participants, acceptability and repro-
ducibility of maneuvers (appropriate patient per-
formance), training of specialists, calibration of
equipment, and processing of results. Performing
spirometric studies in the early period after cardiac
surgery is difficult for patients due to the complexity
of their training, the severity of their condition,
general weakness, residual effects of general anes-
thesia and pain. In this context, only resting spirom-
etry, i. e., measurement of volumetric parameters,
is used because most of these patients are unable
to perform effort-related testing. According to the
literature, portable or stationary spirometers meas-
uring forced vital capacity (FVC), forced expiratory

volume in 1 second (FEV,), FEV,/FVC ratio, total
lung capacity (TLC), peak expiratory flow, mean
forced expiratory flow in the middle half of the FVC
and other parameters have been used in most re-
search studies to evaluate the effectiveness of res-
piratory physiotherapy [25, 26]. However, these
studies were conducted in non-surgical patients
who were in significantly better condition compared
to cardiac surgery patients, and they did not have
pain and fatigue.

Based on the results of previous studies [14-17],
we proposed that to evaluate the efficiency of res-
piratory physiotherapy methods in cardiac surgery
patients in the immediate postoperative period, we
could use the measurement of MIC changes using
an incentive spirometer, which were compared with
the data obtained using a portable ultrasound
spirometer. The values of the studied parameters
before and after physiotherapy sessions are presented
in Table 1.

Asitis evident from the data, the mean absolute
values of MIC and SMIC were different in most
cases. The difference in the absolute values of the
volumetric parameters of the compared methods
can be explained by the different measurement
conditions and characteristics of the devices. Unlike
the ultrasonic spirometer, the incentive spirometer
has considerable resistance and inertia. In addition,
nasal leakage is possible during its use because the
nose is not clamped during the measurement. How-
ever, according to our data, the MIC changes meas-
ured with an incentive spirometer can be used in
the respiratory rehabilitation of patients. The mean
changes of these parameters before and after reha-
bilitation (mean A) did not show significant differ-
ences. The error in measuring the maximum inspi-
ratory capacity with the incentive spirometer in
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Table 2. Results of AMIC and ASMIC measurement in relation to the direction of their change after respiratory

physiotherapy sessions (N=406 for each method).

Direction of changes Number of measurements AMIC (ml) ASMIC (ml) P-value
AZ>0 341/256 200 [0-500] 175 [25—--510] 0.32
A <0 65/150 -200 [-500—100] -117[-480--20] 0.23

comparison with the «gold standard» data (con-
ventional spirometry) before and after the sessions
was 5.35% and 9.24%, respectively. Regarding the
general changes in the measured inspiratory vol-
umes, we observed a significant increase in the
first 4 sessions, while in the 5™ session the increase
was less than 100 ml according to both
methods (Fig. 1). This was due to the fact that by
this time the respiratory function of the lungs had
been restored and the maximum possible values
for a particular patient had been reached. Depending
on the direction of change of the evaluated param-
eters, we distinguished two groups: with decreased
(A < 0) and with increased or the same (A > 0)
respiratory volumes.

No significant differences were found when
comparing the two methods (Table 2).

In order to assess the relationship between the
measured parameters, we performed a correlation
analysis by calculating Pearson's correlation coeffi-
cient, which showed a strong positive significant
correlation (R = 0.74 before the session, R = 0.79
after the session, whole sample R=0.77, P < 0.001).

Taking into account the fact that the Pearson
correlation coefficient can only assess the linear
dependence between the results obtained, the level
of agreement between the two measurement meth-
ods was assessed using the Bland-Altman
method (Fig. 2). This showed a mean difference of
216.9 mL between the measurement pairs (limits
of agreement: -1021.3; 1455) with an outlier of
4.06% (33/812). Thus, more than 95% of the values
were within + 1.96 SD of the mean difference, indi-
cating good agreement between the two methods.

To determine the diagnostic efficacy of incentive
spirometry in measuring inspiratory capacity, its
diagnostic sensitivity and specificity relative to the
spirography method (reference standard) were eval-
uated. The ROC curve is a graph of the frequency of
true positives (sensitivity) versus the frequency of
false positives (100 — specificity). The area under
the ROC curve (AUC) was 0.8 (95% CI: [0.76; 0.83]),
sensitivity was 87% and specificity was 85%, P< 0.001.

Thus, the incentive spirometry method showed
a good diagnostic accuracy compared to the reference
method, which, in our opinion, allows its use in as-
sessing changes in maximal inspiratory capacity in
the postoperative period in cardiac surgical patients
in the intensive care unit.

We performed a comparative analysis of the
side effects, tolerability and comfort of the incentive
spirometer and the bedside spirometer when per-

Fig. 1. Changes in the increase of the average values of the in-
spiratory capacity (A MIC and A SMIC) before and after res-
piratory rehabilitation sessions in ml.

Fig. 2. Comparison of maximum inspiratory capacity and
spirometric maximum inspiratory capacity values using the
Bland-Altman method.

Note. X-axis shows the average value for two methods in one test
(MIC and SMIC in ml), Y-axis shows the difference of values in
one test, «xmean» is the average value (shown by continuous mid-
dle line), upper and lower limits of agreement are represented by
upper and lower dashed lines, respectively.

forming measurements in cardiac surgical patients.
The results of this analysis are shown in Table 3.

As can be seen from the Table 3, when per-
forming measurements on a bedside spirograph
(mainly in the first two days of the postoperative
period), various complaints appeared (a total of 18
events in 8 patients, which is 16%), which made it
impossible to perform further spirography, while
using an incentive spirometer in the same patients
did not cause such sensations [27, 28].
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Table 3. Side effects during spirometry in cardiac surgery patients.
Side effects Incentive Spirometer Bedside Ultrasonic Spirometer P-value
Nausea 0 3 0.08
Dizziness 0 3 0.08
Weakness 0 8 <0.001
Palpitations 0 4 0.05
Total 0 18 <0.001

The vast majority of cardiac surgery patients
(44 out of 50 patients, 88%), despite performing all
the tests, reported discomfort and difficulties in
spirography due to the use of mouthpiece, nasal
clip, incomplete understanding of the test itself,
which required repeated instructions from the physi-
cian-researcher and prolonged the measurement
process. Thus, we conclude that the use of the in-
centive spirometer is perceived by the patients as a
simpler and easier procedure to perform.

Conclusion

Comparative evaluation of changes in inspi-
ratory capacity using the incentive spirometer
showed good agreement with the method of ultra-
sound spirography.

The incentive spirometer can be used to assess
the increase in respiratory capacity parameters dur-
ing rehabilitation of cardiac surgery patients in the
early postoperative period.

The majority of postoperative cardiac surgery
patients rated incentive spirometry as a more com-
fortable procedure compared with conventional
spirography.
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