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Comparison of three respiratory physical therapy techniques
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The aim. To compare three respiratory physical therapy techniques and their impact on pulmonary function restoration among
cardiac surgery patients in hospital settings.

Materials and methods. The study involved 126 patients of both sexes who were admitted for cardiac surgery. All the procedures
were performed by sternotomy with cardiopulmonary bypass and cardioplegic arrest.

The patients were randomly divided (with a ratio of 1:1:1 by envelope method) into the control group (CG, n = 42), incentive
spirometry group (ISG, n = 42) and inspiratory muscle training group (IMTG, n = 42). The examined patients underwent stan-
dardized physical therapy (early mobilization; therapeutic exercises; coughing). The groups varied in respiratory therapy.

Patients of the ISG group performed additional respiratory exercises using a Tri-Ball respiratory exerciser (three repetitions of 10
forced, full and rapid inspirations through the respiratory exerciser under the supervision of a physical therapist; besides, they were
recommended to perform 3 repetitions with 10 inspirations each hour). Patients of the IMTG group performed additional respiratory
exercises using Respironics Threshold IMT breathing exerciser, received explanations and recommendations like patients of the ISG
group.

The pulmonary function test (PFT) was performed for the patients of all groups before the surgery and on the 7 postoperative
day.

Results. PFT scores did not differ statistically between the groups of patients before the surgery. The three groups of patients
had a negative dynamic of all test indicators, except Tiffeneau index. The analysis of PFT final scores did not confirm a signifi-
cant difference in the studied indicators among the groups: vital capacity (P = 0.599), forced vital capacity (P = 0.393), forced
expiratory volume in one second (P = 0.589), peak expiratory flow (P = 0.326), forced inspiratory vital capacity (P = 0.258),
peak inspiratory flow (P = 0.569).

Conclusions. Statistical analysis of PFT indicators did not reveal any significant differences among the groups of cardiac surgery
patients at the preoperative examination and on the 7 postoperative day, despite the differences in postoperative respiratory
physical therapy.

MopiBHAHHA BNAUBY TPLOX MiAXOAIB A0 pecnipaTopHoi ¢pi3MuHOi Tepanii Ha BiAHOBA€HHSA
AereHeBoi GpyHKLUii B KapAioXipypriuHMX nauieHTiB Ha cTauioHapHoMmy eTani

B. B. BitoMmcbKui

Meta po6oTu — nopiBHATM BNIMB TPLOX NIAXOAIB 40 pecnipaTopHoi isuyHoi Tepanii Ha BiQHOBMNEHHS NereHeBoi QyHKLUii B
KapgioxipypriYHnx nauieHTIB Ha cTaLioHapHOMY eTari.

Marepianu Ta metoau. Y gocnimkeHHi B3snum yyactb 126 naujeHTiB 060x cTaten, koTpum 3pobunu onepadito. Bei npouenypn
30INCHWNN 3i CTEPHOTOMIEHD, LUTYYHUM KPOBOOBIroM, Kapgionnerieto.

lMavjeHTiB BUNaAKOBIM YMHOM Nodinumy (y cniBBigHOWeHHI 1:1:1, MeToa KOHBEpTiB) Ha KoHTponbHY rpyny (KM n = 42), rpyny
cTumynioBanbHoi cnipometpii (ISG, n = 42) ta rpyny iHcnipaTopHnx M's30BuX TpeHyBaHb (IMTG, n = 42). MauieHtam npu-
3Havyanu cTaHgapTHy nporpamy ¢i3nyHoi Tepanii (paHHs Mobinidallisi, TepaneBTUYHI BNpaBw, Kawenb). Ipynu BigpisHanucs 3a
pecnipaTtopHOLo Teparieto.

MauieHTn rpynn ISG BUKOHYBanu [0AATKOBI AvXarbHi Bpasy 3a JOMOMOrow AuxansbHoro TpeHaxepa Tri-Ball (Tpu nigxoan
3 10 cunbHKX, MOBHYX i WBMAKWX BAMXIB Yepes AnxanbHU TpeHaxep nif Harnaaom isudHoro TepanesTa; Kpim Toro, iM peko-
MeHayBanu B1koHyBaTu 3 nigxoam 3 10 BAWXIB KOXHY roauHy). MauieHTvt rpynn IMTG BuKoHyBanmu [oAaTKoBI AvxaribHi Bripasu
3a JONOMOroi0 AnxanbHoro TpeHaxepa Respironics Threshold IMT, oTpumyBanu nosicHeHHs Ta pekoMeHaaLlii Sk nauieHTn rpynu
ISG.

lNepen onepadlieto Ta Ha 7 nicnsionepaLiiHnii AeHb NaLieHTam ycix rpyn BUKoHanm cniporpadito.

PesynkraTu. Pesyniratu cniporpadii CTaTUCTYHO He BiAPI3HANMCh Y rpynax nawjieHTis A0 onepadii. YCi nauieHTyt Manu HeraTueHy
[AMHaMIKy BCiX MOKa3HMKiB, kpiM iHaekcy TicbHo. AHani3 npuKiHLEBKX peaynbTaTiB criporpadii He NigTBEpAMB BipOrigHOT PI3HNLL Mix
rpynamm 3a nokasHukamu, siki BUBYau: XUTTEBOK eMHicTio (p = 0,599), dhopcoBaHoL0 XNUTTEBOI EMHICTIO (p = 0,393), 06’eMom
¢hopcoBaHoro Buamxy 3a nepluy cekyHay (p = 0,589), nikoBum notokom Buamxy (p = 0,326), XXMTTEBO EMHICTIO (POPCOBAHOTO
Bavxy (p = 0,258), nikoum notokom Bamuxy (p = 0,569).

BucHoBku. CTaTUCTMYHMI aHani3 NokasHuKiB criporpaddii He nokasas CYTTEBI BiAMIHHOCTI rpyn KapaioxXipypriYHuX nauieHTis nig
yac nepenonepaLiiHoro TeCTyBaHHA Ta Ha 7 micnsionepawinHuin AeHb, He3BaXatoun Ha BigMIHHOCTI nicnsonepauinHol pecnipa-
TOPHOI idnyHoI Tepanii.
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CpaBHeHWe BAUAHUA TPEX NOAXOAOB K PECIMPaTOPHOM GpU3UYECKOH Tepanuu
Ha BOCCTAHOBAEHWE AErOYHOH QYHKLMK Y KApAUOXUPYPrHUECKUX NaLUEHTOB
Ha CTaLMOHApPHOM 3Tane

B. B. Butomckui

Llenb paboTbl — CpaBHUTL BUSIHWE TPEX MOAXOL4OB K PECMMPATOPHON (HU3MYECKOW Tepanuy Ha BOCCTAHOBMEHUE NErOYHON
DYHKLMM Y KapAMOXMPYPrUYECKUX NaLMEHTOB Ha CTaLMOHApHOM aTare.

Marepuans! u metoabl. B vccnegosannv npuHsany yyacte 126 nauneHToB 06oMX MOMOB, KOTOPLIM MPOBEAEHa Onepauus.
Bce npoveaypb! BbIMOMHSANM CO CTEPHOTOMMEN, NCKYCCTBEHHBIM KPOBOOGPALLIEHEM U kapaunonnerelt. MauneHToB cryyaliHbiM
obpasom nogenunu (B cooTHolerun 1:1:1, Meton KOHBEPTOB) Ha KoHTporbHyto rpynny (KM, n = 42), rpynny cTUMynupyioLLeit
cnvmpometpum (ISG, n = 42) u rpynny UHCIMPATOPHBIX MblLLEYHbIX TPEHUPOBOK (IMTG, n = 42). MNauneHTam HasHaveHa CTaH-
[AapTHas nporpamMma hr3n4eckoi Tepaniy (paHHsis MobunmsaLys, TepanesTUYeCKUe ypaxHeHus, kallenb). Mpynnbl oTnnYanmch
no pecnupaTopHoii Tepanuu. MauneHTsl rpynnbl ISG BLINOMHANM JONOMHUTENbBHbIE AblXaTemnbHble YNPaXHEHUS C NMOMOLLbIO
apbixatensHoro TpeHaxépa Tri-Ball (Tpu noBToperust 10 cunbHbIX, NONHbLIX U OBICTPLIX BAOXOB Yepes AbIXaTeNbHbli TPEHaXEP
noa HabrniofeHeM huanyeckoro TepanesTa, KpoMe TOro, UM PEKOMEHL0BaNM BbINOMHATL 3 NOBTOPeHMs No 10 BAOXOB Kaxzabii
yac). MaumeHTsl rpynnel IMTG BbINONHANM AONONHUTENBHBIE AblXaTemNbHbIE YNPaX)HEHUS C MOMOLLBIO AbIXaTENbHOTO TPEHaxXEpa
Respironics Threshold IMT, nonyyanu o6bsicHeHns 1 pekomeHgaumm, kak nauneHTsl rpynnbl ISG. Mepen onepauven n Ha 7
rnocneonepaLmoHHbIi AeHb NaLneHTam BCEX rpynn nposeaeHa cnvporpadus.

Pesynerartbl. Pesynbratbl cnuporpadny CTaTUCTUYECKN He OTAMYanuCh B rpynnax nauveHToB 4O onepaunn. Bce nauneHTbl
MMenu oTpuLaTenbHy'o ANHaMUKY BCEX nokasaTterneil, kpoMe uHaekca TUHO. AHanu3 3akmtoumTeNbHbIX PesyrnsTaTos Cnivporpa-
¢hum He nokasan [OCTOBEPHYIO pasHWLy Mexay rpynnamu no uccnegyeMbiM nokasaTensim: xusHeHHon émkocu (p = 0,599),
¢hopcrpoBaHHOM Xm3HeHHo émkocTh (p = 0,393), 06BEMY hopcpOBaHHOTO Bbigoxa 3a nepeyto cekyHay (p = 0,589), nukosomy
noToky Bbigoxa (p = 0,326), xu3HeHHoM émkocTu hopcupoBaHHoro Baoxa (p = 0,258), nukoBomy noToky Baoxa (p = 0,569).

BoiBogb!. CTaTuCTUYECKMin aHann3 nokasatenen Cimporpadni He BbISIBUIT CYLLECTBEHHbIX OTIIMYII MPy N KAPAOXMPYPIUYECKIX
NaLMeHTOB Npu NpefonepaLyoHHOM TECTUPOBaHUN U Ha 7 MOCTeonepaLyoHHbIit AeHb, HECMOTPS Ha pasnuyms nocreonepauy-

OHHOW PECNMPATOPHO PU3NHECKON TEPANUU.

Physical therapy (PT) in cardiac surgery (CS) and cardiac
patients remains an important healthcare sphere due to
the prevalence of cardiac pathology, its complications and
comorbidity [1,2].

Typical changes in the respiratory system after cardiac
surgery involve reduced lung function [3,4], worsening of
chest X-ray findings [5], oxygen deficiency in arterial blood
for several days [6], reduced respiratory muscle strength [7]
and the presence of pleural effusion [8]. On the other hand, a
prominent consequence of general anesthesia is decreased
pulmonary ventilation [9]. At the same time, scientific studies
show that the definition and distinction between normal
condition and complications is the reason for high variability
of postoperative pulmonary complications (PPCs) among
cardiac surgery patients —from5 % to 90 % [10].

Such interventions of physical therapists as early
mobilization and respiratory muscle training are routinely
performed to prevent and treat reduced pulmonary function
and PPCs [11]. Given the presence of reduced pulmonary
function in cardiac surgery patients, it seems relevant to find
the ways to improve the process of its restoration.

According to the surveys of physical therapists,
there is a wide range of respiratory interventions used in
physical therapy for cardiac surgery patients [12,13]. The
main respiratory PT interventions include coughing, deep
breathing exercises, sustained maximal inspiration, pursed-
lip breathing, diaphragmatic breathing, inspiratory muscle
training (IMT), incentive spirometry (IS), positive expiratory
pressure device breathing, continuous positive airway pres-
sure, inspiratory resistance — positive expiratory pressure.

On the other hand, when analyzing the examination
results, researchers emphasize that physical therapists
tend to use interventions with refuted or unconfirmed
efficiency [13,14]. For instance, scientific studies did not
confirm the efficiency of using deep breathing exercise, IS

[15,16], inspiratory resistance-positive expiratory pressure
[17]. Concerning the postoperative use of IMT, the studies
have proved its benefits manifested in better dynamic of
maximum inspiratory pressure and lung function [18,19].

However, flow-oriented IS and IMT techniques are very
similar, since they require the patient to take a deep breath in
order to perform a certain activity (to lift three balls of a breathing
exerciser for flow oriented IS and open the valve of a breathing
exerciser for IMT). Therefore, due to the lack of studies focused
on IMT efficiency, different methods of examination, similar ways
of using breathing exercisers, lack of comparison between IS
and IMT techniques, itis advisable to weigh the benefits of using
these respiratory interventions to rationalize PT guidelines for
treatment of cardiac surgery patients.

Aim
To compare three respiratory physical therapy techniques

and their impact on pulmonary function restoration among
cardiac surgery patients in hospital settings.

Materials and methods

Design: randomized controlled trial.

Participants. The study involved 126 patients of both
sexes who were admitted for CS. All the procedures were
performed by sternotomy with cardiopulmonary bypass and
cardioplegic arrest.

The exclusion criteria were: unstable angina pectoris
at the time of study enrollment or during the program,
congestive decompensated heart failure, intellectual
disability, complex ventricular and uncontrolled arrhythmia,
uncontrolled high blood pressure, cerebrovascular accident,
artificial lung ventilation <24 hours.

3anopoxckuii MeguumMHeKkni xxypHan. Tom 23, Ne 4(127), none — asryct 2021 1.



The patients were randomly divided (at a ratio of 1:1:1
by envelope method) into the control group (CG, n = 42),
IS group (ISG, n = 42) and IMT group (IMTG, n = 42).
The study protocol was approved by the Institutional Review
Board and the Local Medical Ethics Committee of S| “Scien-
tific and Practical Medical Center for Pediatric Cardiology and
Cardiac Surgery of the Ministry of Health of Ukraine” (Protocol
No. 1 dated 21.01.2020). All the patients were informed about
the study protocol and gave written informed consent.

Interventions. The examined patients underwent
standardized PT (early mobilization; therapeutic exercises;
coughing). Immediately prior to the surgery, physical thera-
pists provided brief consultations to the patients covering
the aims and content of PT and postsurgery activation
algorithm. The postoperative PT guidelines supposed
performing the following early mobilization activities for
patients: sitting on the bed with the legs dangling on the 1
postoperative day (POD); standing (getting up with the help
and under the supervision of a physical therapist, holding
on a medical movable walker, determined by an anesthesi-
ologist) and walking on the spot if feasible on the 1-2 POD;
walking on the spot, walking within the ward on the 2 POD;
walking in the hospital corridor on the 3 POD; walking up
and down the stairs on the 4-5 POD. All the patients per-
forming therapeutic exercises and walking were supervised
by physical therapists. Sessions (about 20 minutes each)
with the physical therapists took place twice a day on the 1
and 2 PODs, 1-2 times on the 3 POD, 1 time starting from
the 4 POD. If necessary (patient's condition, the need for
motivation), the physical therapist could increase the ses-
sion frequency and duration. PT was conducted by two
physical therapists in equal amount in each group. Each
physical therapist was assigned to each group in turn.

The groups varied in respiratory therapy. The ISG group
patients performed additional respiratory exercises using a
Tri-Ball respiratory exerciser (three repetitions of 10 forced,
full and rapid inspirations through the respiratory exerciser at
the sessions under the supervision of a physical therapist;
besides, they were recommended to perform 3 repetitions
with 10 inspirations each hour to lift all three balls of the re-
spiratory exerciser (600 cc/sec, 900 cc/sec and 1200 cc/sec)
with each inhalation. Patient’s inability to lift all three balls
was not considered a treatment failure, because participant
grouping on this basis would contribute to concentration of
patients with better scores in ISG. At the same time, such
selection would be impossible in CG. ISG patients were
asked to start from a lower lung volume before starting
the forced inhalation. Training with the use of the respiratory
exerciser started from the 1 POD. During the 1 and 2 PODs,
the exercises were performed each hour and supervised by
medical personnel, then the patients recorded performed
exercises in self-reported diaries.

The IMTG group patients performed additional respi-
ratory exercises using Respironics Threshold IMT respi-
ratory exerciser (the intensity was measured according to
the Rating of Perceived Exertion —hard level; the pressure
to open the valve was 18-20 cm water level starting from
the 1 POD and 25-30 cm water level starting from the 3
POD) and received explanations and recommendations like
the ISG group patients.

All the participants in ISG and IMTG groups recorded
their daily respiratory exercises in the diaries.
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Outcome measures. Demographic variables and
clinical history were recorded at enroliment to the study.
Before the surgery and on the 7 POD, the patients of all
the groups performed pulmonary function test (PFT) using
Spirodoc MIR spirograph and Winspiro PRO software. Nor-
mal conditions were assessed according to the Knudson/
European Respiratory Society.

Statistical analysis. The study materials were pro-
cessed using IBM SPSS 21 program of statistical analysis.
Mathematical processing of numerical data was performed
with the help of variation statistics. The Shapiro-Wilk test
(W) was used to analyze the normality of quantitative
indicators distribution. Mean value and root-mean-square
deviation (+S) were calculated for the results of indicators
that corresponded to the law of normal distribution. Median
value (Me) and upper and lower quartiles (25 %; 75 %)
were calculated for non-normally distributed indicators.
One-way analysis of variance was used to measure the sig-
nificance of differences between normally distributed study
results; the Kruskal-Wallis test was used for the indicators
with non-normal distribution.

Results

CG included 29 males and 13 females, ISG included 26
males and 16 females, and IMTG included 26 males and
16 females (P = 0.738). Significant differences in age,
body weight, body length, NYHA functional class, operation
duration were not found (Table 7). None of the patients
had significant complications aggravating the process of
postoperative recovery.

The groups of patients had no statistical differences
in PFT scores before CS (Table 2). Six patients of CG
had FEV,/VC indicators less than 70 %, the number of
such patients in ISG and IMTG groups comprised 8 and 2,
respectively (P = 0.137).

Comparison of the pulmonary function test results ob-
tained on the 7 POD did not reveal any statistical difference
among groups of patients (Table 3). Therefore, the results
of statistical analysis did not confirm the benefits of adding
IS or IMT to the basic PT guidelines.

Discussion

The conducted statistical analysis did not confirm any
benefits from including flow oriented IS or IMT to the basic
guidelines for the treatment of cardiac surgery patients.
Besides, pulmonary function indicators in ISG and IMTG
groups were similar, both before and after the surgery.
Accordingly, a decrease in the PFT indicators in the patient
groups was similar as well. It should be noted that 61.9 %
of ISG patients lifted all three balls of the Tri-Ball respiratory
exerciser with forced inhalation at the final measuring, 31 %
lifted two balls, 7.1 % lited only one ball. At the time of
the final measuring, 61.9 % of IMTG patients used the Res-
pironics Threshold IMT with water column pressure of 30 cm,
9.5 % —water column pressure of 25cm, 28.6 % —water
column pressure of 20 cm.

Volume and flow indicators decreased on the 7 POD
in all studied groups of patients. Vital capacity indicator
decreased by 27.11 %in CG, by 29.83 % and 26.93 %in
ISG and IMTG, respectively. Forced vital capacity dynamic
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Table 1. The main characteristics of the samples

I A [ S I N P

Age, years

Body weight, kg

Body length, cm

Body mass index, kg/m?
EF, %

AH, degree

NYHA, class

ALV duration, hour
Operation duration, min
CPB duration, min
LICU, nights

LPOU, nights

62 (53; 68) 64 (55.50; 70)
8237 + 1491 8235 + 1525
169.41 + 9.19 167.45 + 9.55
28.68 + 4.73 29.37 + 4.92
55.00 (47.75; 58.25) 55.0 (49.0; 58.5)
2(0;3) 2(2;3)

2(2,3) 3(23)
7.0(6.0;9.5) 8.5 (6.0; 12.0)

377.5 (330.0; 422.5)
179.33 + 56.57 186.19 + 5643
2(2:2) 2(2,2)

7(5;8) 7 (5.75; 9.25)

342.50 (295.00; 416.25)

64 (57; 69) 0.525*
79.07 + 1348 0.493*
166.93 + 9.27 0443
2840 + 4.42 0618
53 (44; 58) 0.670*
2(2:3) 0.420*
25(2;3) 0578
8.00 (6.00; 9.75) 0.208*
370 (320; 445) 0.330*
198.29 + 67.81 0351
2(2,2) 0.444*
7.00 (6.00; 9.25) 0.456*

EF: ejection fraction; AH: arterial hypertension; ALV: artificial lung ventilation; CPB: cardiopulmonary bypass; LICU: length of intensive care unit stay; LPOU: length of postoperative unit
stay; #: one-way analysis of variance; *: Kruskal-Wallis test.

Table 2. The pulmonary function test indicators before the surgery

I N [ N [ Y W O

VC, % predicted
FVC, % predicted
FEV,, % predicted
FEV,/VC, %

PEF, % predicted
FEF,, s % predicted
FIVC, % predicted
FIV,, % predicted
PIF, % predicted

102.02 + 15.55 104.93 + 14.03

100.60 + 14.57 101.24 + 1443
99.55 + 18.84 101.10 + 14.98
77.94 + 9.80 76.35 + 8.39

96.41 + 1542 100.43 + 19.75
87.79 + 29.51 94.79 + 33.10
96.10 + 15.05 95.55 + 16.36
114.19 + 21.14 11517 £ 20.79
70.43 + 18.65 70.17 + 22.10

104.95 + 19.95 0.653
104.10 + 19.86 0.586
104.31 + 19.96 0.470
79.95 + 7.36 0.161
101.29 + 17.89 0.408
91.17 + 28.95 0.578
10117 + 20.11 0.264
121.31 + 24.88 0.289
7117 £ 17.01 0.970

VC: vital capacity; FVC: forced vital capacity; FEV1: forced expiratory volume in one second; FEV1/VC: Tiffeneau index; PEF: peak expiratory flow; FEF25-75: forced expiratory flow at
25-75 % of forced vital capacity; FIVC: forced inspiratory vital capacity; FIV1: forced inspiratory volume in one second; PIF: peak inspiratory flow; *: one-way analysis of variance.

Table 3. The pulmonary function test indicators on the seventh postoperative day

I S [ N [ W O

VC, % predicted
FVC, % predicted
FEV,, % predicted
FEV,/VC, %

PEF, % predicted
FEF,, . % predicted
FIVC, % predicted
FIV,, % predicted
PIF, % predicted

7491 + 14.93 75.10 + 17.37
74.07 + 15.02 73.26 + 18.33
74.55 + 15.41 7517 + 18.83
79.78 + 8.53 79.11 £ 848
78.64 + 18.42 82.57 + 23.44
68.43 + 23.72 7412 + 31.30
70.62 + 15.28 69.43 + 18.68
86.10 £ 19.14 84.74 + 23.62
58.48 + 15.50 58.12 + 18.69

78.02 + 14.99 0.599
77.81 £ 15.03 0.393
78.10 = 16.05 0.589
79.78 £ 9.35 0.923
85.52 + 20.91 0.326
68.07 + 24.84 0.513
75.10 + 1548 0.258
89.00 + 19.25 0.632
61.74 + 17.18 0.569

VC: vital capacity; FVC: forced vital capacity; FEV1: forced expiratory volume in one second; FEV1/VC: Tiffeneau index; PEF: peak expiratory flow; FEF25-75: forced expiratory flow at

25-75 % of forced vital capacity; FIVC: forced inspiratory vital capacity; FIV1: forced inspiratory volume in one second; PIF: peak inspiratory flow;
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comprised 26.53 %, 27.98 % and 26.29 %, respectively.
Peak expiratory flow indicator had a less pronounced
dynamics as compared to the mentioned volume indica-
tors, namely a 17.77 % decrease was obtained in CG,
17.86 % —inISG; 15.77 % —in IMTG. The mean value
of peak inspiratory flow had even less decrease: 11.95 %
in CG; 12.05 % in ISG; 9.4 % in IMTG. Only FEV,/VC
indicators did not have negative changes confirming
the absence of obstructive pulmonary dysfunction caused
by cardiac surgery. Therefore, the negative dynamics was
more pronounced among the indicators of PFT volumes in
comparison to flow indicators. It is noteworthy that the indi-
cators of forced inhalation did not vary among the groups,
although both respiratory exercisers were aimed at training
forced, full and rapid inhalation.

The study not only confirmed previously obtained
results stating the lack of IS efficiency [15,16], but supple-
mented existing data on the efficiency of using IMT.

*: one-way analysis of variance.

Preceding studies of IMT efficiency confirmed its posi-
tive effect, particularly (after transfer to the inpatient unit
until hospital discharge) on the dynamics of MIP indicator
(maximum inspiratory pressure) [20]. Another study con-
firmed positive impact of IMT, starting on the 1 POD, on
vital capacity and tidal volume indicators, measured on the 3
POD [21]. However, there was nothing about benefits in
MIP and MEP (maximum expiratory pressure) in the study,
although these indicators were examined. Besides, vital
capacity was measured quite early and in ml, which could
affect the statistical analysis results.

According to another study, the use of IMT in pre- and post-
operative periods did not result in better dynamics of FEV,, FVC
and MEP indicators, leading not only to recovery but also to MIP
increase at the time of discharge (the 5-6 day) [19]. However,
according to other studies, MIP may not retumn to its original
indicators even 8 weeks postsurgery [22]. Such differences in
the recovery process cast doubt on the validity of the results.
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The study of C. Urell et al. [10] states that respiratory
muscle strength is restored two months after CS, unlike PFT
indicators. Therefore, in order to improve PFT indicators, it
is better not to focus on training respiratory muscle strength
immediately following the surgery.

Conclusions

1. Statistical analysis of PFT indicators did not reveal
any significant differences among the groups of cardiac sur-
gery patients at the preoperative examination and on the 7
postoperative day, despite the differences in postoperative
respiratory physical therapy. Thus, flow-oriented IS or IMT
included in the basic postoperative physical therapy guide-
lines, where the respiratory part was limited to coughing, did
not contribute to pulmonary function restoration.

2. All three groups had a significant decrease in volume
and flow indicators. The obtained negative dynamics of flow
indicators was less pronounced. Forced inhalation indicators
were also similar in all the groups, although respiratory exer-
cisers were aimed at respiratory training. IS or IMT should not
be used in physical therapy to improve pulmonary function
in the inpatient phase of rehabilitation after cardiac surgery.
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