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Incentive spirometry as a way to prevent pulmonary atelectasis

development

T. S. Kuzmenko*, S. . Vorotyntsev

Zaporizhzhia State Medical University, Ukraine

The purpose. The purpose of this study was to evaluate the effectiveness of incentive spirometry (IS) as a method of atelectasis
prevention in patients with moderate or high risk of PPCs development after upper abdominal surgery.

Materials and methods. The study consisted of two stages. The first retrospective stage was to analyze the medical histories data
of 51 inpatients, who were included in the comparison group. The prospective part of the study included 39 patients of the study
group, who had sessions of the IS during the first 7 days of the postoperative period. Patients of both groups were operated on
the upper abdominal organs by open procedure, operation time was more than 2 hours, all patients had an ARISCAT score 226
points. Pulmonary atelectasis development was monitored in the groups in the first week of the postoperative period. The statistical
analysis of the data was performed using the Microsoft Excel 2013 and Statistica for Windows 6.0 programs. When comparing
the groups according to the clinical outcome, the relative risk (RR) and odds ratio (OR) were determined and then confidence
intervals (95 % Cl) were calculated. Statistical significance of the results was determined depending on the Cl values.

Results. During the first 7 days, 34 cases of pulmonary atelectasis (67 %) were recorded in the comparison group. In the study
group, 9 patients (23 %) were diagnosed with pulmonary atelectasis. The analysis of clinical results showed that when applying
incentive spirometry, there was a statistically significant decrease in the relative risk of atelectasis development within the first
week of the postoperative period (RR = 0.346, 95 % CI [0.189; 0.634], P = 0.0006). The odds ratio of atelectasis development in
the study group was statistically lower than in the group of retrospective study (OR = 0.150, 95 % CI [0.058, 0.386], P = 0.0001).

Conclusions. Incentive spirometry is an effective way to prevent pulmonary atelectasis in patients with a moderate or high
risk for developing postoperative pulmonary complications according to the ARISCAT scale after upper abdominal surgery.

CnoHykanbHa cnipomeTpia Ak cnoci6 3anobiraHHA po3BUTKY aTeAEKTa3iB AereHeBoi TKAHUHU

T. C. KysbmeHKo, C. |. BopoTHuUEB

Meta po60TH — OLiHUTY edeKTUBHICTb CoHykanbHoi cripomeTpii (CC) sk cnocoby 3anobiraHHs Po3BUTKY aTenekTasis nereHb
Yy NaLieHTiB i3 NOMIpHMM abo BUCOKMM PU3MKOM PO3BMTKY MicrsionepaLliiHmx nereHesux ycknagHeHs (MITY) nicnsa onepatueHmx
BTPy4YaHb Ha BEPXHbOMY MOBEPCi YEPEBHOT MOPOKHUHN.

Marepianu Ta metogu. [locnimkeHHs cknaganocs 3 ABOX eTanis. [epLumii, peTpocnekTUBHWIA Tan, nonsras B aHaniai ictopii
xBopo6u 51 cTaLioHapHOro XBoporo (rpyna nopiBHsHHS). Mpyna AocnimkeHHs — 39 naLlieHTiB MPOCMEKTUBHOT YaCTVHW AOCTIIKEHHS,
KM y nepLLi 7 AHIB nicnsionepaLiinHoro nepiogy npoeoaunm ceaxcy CC. MNauieHTv 060X rpyn npoonepoBaHi BigkpuTiM Cnocobom
Ha opraHax BEpXHbOT0 NOBEPXY YEPEBHOI NOPOXXHUHY TPUBASTICTIO NOHAZ, 2 FoAMHM Ta Many oLiHKy 3a wkanot ARISCAT 226 banie.
Y rpynax BincTexysanu po3suUTOK aTenekTasis lereHeBol TKaHUHW B NepLUU TYXAeHb nicnsonepalitHoro nepiogy. CTatuctuyHe
onpavtoBaHHs BykoHanu 3a gonomoroto nporpam Microsoft Excel 2013 Ta Statistica for Windows 6.0. Mpu nopisHsiHHI rpyn 3a
KNiHIYHMM pe3ynbTaToM BU3Ha4any BigHOCHWI pu3uk (BP), BigHowweHHs waHcis (BLL), ans H1x po3paxoByBani JoBipYi iHTEpBanm
(95 % [l). 3anexHo Bif 3Ha4eHb [l BU3Ha4anu CTaTucTUYHY 3HaYyLLiCTb pesynbraris.

Pesynitat. MpoTsarom nepLunx 7 gHiB y rpyni NOpiBHSHHS 3acbikcyBanu 34 Bunaaku atenektadyBaHHs nerexHb (67 %). Y rpyni gocni-
[PKEeHHs! aTenekTaay nereHeBoi TKaHUHW BUHWKNW Y 9 nauieHTiB (23 %). AHani3 KniHiYH1X pesynbraTia nokasas, LU0 NPy 3aCTOCYBaHHi
CC BinbyBaeTbCA CTAaTUCTUYHO 3HAYYLLIE 3HVKEHHS BIGHOCHOTO PU3IKY PO3BITKY aTernekTasis y nepLUnii TaeHb nicrsonepaLyiiiHoro
nepiogy (BP = 0,346, 95 % [ [0,189; 0,634], p = 0,0006). BigHOLLEHHS LLaHCIB pO3BUTKY aTenekTasis y rpyni 4OCHIMKEHHS CTaTUCTUYHO
3HaYyLLIe HVKYe MOPIBHSHO 3 rPYMOK0 PETPOCEKTUBHOI YacTuHK gocnimkerHs (BLU = 0,150, 95 % [I [0,058; 0,386], p = 0,0001).

BucHoBku. CnoHykarnbHa cnipoMeTpisi € epeKTUBHUM CrocoboM NpodinakTnk/ aTenekTadyBaHHs NiereHeBoi TkaH!HU y na-
LEHTIB i3 MOMipHUM ab0 B1COKVM PU3NKOM PO3BUTKY NicnsionepavyiiHnx nereHeBnx ycknagHeHs 3a wkanot ARISCAT nicns
onepaTyBHMX BTPyYaHb Ha BEPXHEOMY MOBEPCI YEPEBHOI MOPOXKHUHM.

MobyanTenbHas cnMpoMETPUA KaK cnocob npeaynpeXxAeHUs pa3BUTUA aTeAeKTa30B
AETOYHOM TKaHU

T. C. KysbmeHKo, C. 1. BopoTbiHueB

Llenb pa6oTbl — oLeHNTb 3pdeKkTBHOCTL NoByauTensHoN cnvpometpum (MC) kak cnocoba npesynpexaeHns pasBuTis atenek-
Ta30B NErKMX Y NaLUUeHTOB C YMEPEHHBIM U BBICOKUM PUCKOM PasBUTHSi MOCAEONEPALIMOHHbIX TEero4HbIX ocnoxHeHui (M10)
rnocrne onepaTvBHbIX BMELLATENbCTB HA BEPXHEM 3Taxe OPHOLLHON NomnocTu.

Marepuans! n MeToabl. ViccnegoBaHue cocTosno U3 AByx aTanos. [epBbii, PETPOCNEKTUBHLIN 3Tar, 3akmodancs B aHanmae
[aHHbIX ucTopuii BonesHn 51 cTaumoHapHoro 6omnbHOrO (rpynna cpaBHeHwus). Mpynny nccnegoBaHus coctaBumv 39 nauneHToB
NPOCMEKTUBHON YacTu UCCIIEA0BaHMS, KOTOPLIM B NepBble 7 AHEi NocreonepaLyoHHOro nepuoaa npooavim ceancsl IC. Mauu-
€HTbI 06euX rpynn NPooneprUpOBaHbI OTKPbITLIM CMOCOBOM Ha OpraHax BEPXHETO 3Taxa GPOLLHON MONOCTU NPOAOIKMTENBHOCTLIO
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Oleer HaAbHbl€ NCCAEAOBAHNA

6oree 2 4acoB 1 MMenu oueHky no wkane ARISCAT 226 6annos. B uccnegyembix rpynnax oTCrexusany passutue atenekTa-
30B NIEroYHOV TKaHW B NEPBYKO HEAENt0 NocreonepaLuyoHHoro neproga. Ctatuctuyeckyo 06paboTky NPOBOAMIM C MOMOLLbK
nporpamm Microsoft Excel 2013 u Statistica for Windows 6.0. Mpu cpaBHeHWy rpynn no KNWHUYECKUM pe3ynbTatam onpeaensnm
oTHocuTenbHbIN puck (OP), oTHowweHme wancos (OLU), Ans KoTopbIX paccunTbiBany JoBepuTenbHble HTepBansl (95 % OW). B
3aBUCKMMOCTY OT 3HaueHuit [IV onpegensny CTaTUcTUYECKYH 3HAYMMOCTb MOMYYEHHbIX PE3yNbTaToB.

Pesynktathl. B TeueHve nepBbix 7 fHeN B rpynne cpaBHeHUs 3advkenpoBanu 34 criyyas atenektasupoBanns nerkux (67 %). B
rpynne uccnenoBaHms atenekTasbl NEroYHoN TkaHM pasBunmch y 9 naumeHToB (23 %). AHanmM3 KNMHUYECKIX Pe3ynbTaToB nokasar,
470 NpY NpMeHeHnn CC 0TMEYaIoT CTaTUCTUYECKM 3HAUUMOE CHIKEHE PUCKa Pa3BUTIS aTeneKkTasos B NepByto Heaento nocne-
onepaumorHoro neproaa (OP = 0,346, 95 % 11 [0,189; 0,634], p = 0,0006). OTHOLLEHWE LUaHCOB Pa3BUTIS aTeneKkTasos B rpynne
ICCNEAO0BaHNs CTAaTUCTUYECKM 3HAYMMO HIKE MO CPABHEHMIO C IPYNNoii PETPOCNEeKTUBHOM YacTu uccnegosanns (OLL = 0,150,
95 % M [0,058; 0,386], p = 0,0001).

Bbiogpbl. MobyautensHas cnupomeTpust — 3 eKTUBHBIN CNocod NPoUNakTH KA aTenekTasMpoBaHNs IETOYHON TKaHW Y
NauneHTOB C YyMePEHHbIM 1IN BbICOKM PUCKOM Pa3BUTUS NOCHEONepaLMOHHbIX NIEroqHbIX 0CroxHeHu no wkane ARISCAT
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nocre onepaTtuBHbIX BMELLATENbLCTB Ha BEPXHEM 3TaXe 6pl0LIJHOl7I nonocTn.

The number of postoperative pulmonary complications
(PPCs) in abdominal surgery ranges from 17 to 88 % [1]
and it leads to an increase in morbidity and mortality, length
of hospital stay as well as related material costs [2,3]. Upper
abdominal surgical procedures are associated with a higher
risk of PPCs development [4,5].

A basic postoperative complication is a lack of lung
inflation which results from a change in breathing to a
shallow, monotonous pattern without periodic sighs and
temporary diaphragmatic dysfunction, caused by prolonged
recumbent position, and impaired mucociliary clearance,
along with the decreased cough effectiveness secondary
to pain that increases the risks associated with retained
pulmonary secretions [6]. These factors lead to a violation
of effective breathing and reduced tidal volume (TV), which
in turn reduces the pulmonary compliance and depletes
the surface-active substances, resulting in pulmonary
atelectasis occurrence. Atelectasis is the most common
pulmonary complication that can lead to the development
of pneumonia in the absence of appropriate measures [7].

Chest physical therapy plays an important role in
the prevention and management of postoperative pulmo-
nary complications. It includes deep breathing exercises,
mobilization, postural drainage, percussion and vibration
or shaking which were developed to improve bronchi-
al drainage as well as the employment of mechanical
breathing devices such as the incentive spirometer [8].
Incentive spirometry (IS) is a lung expansion technique,
which stimulates maximum inspiratory effort with the aim of
the most complete filling of the alveoli with air providing a
slow maximal inspiration. However, there are contradictory
data on the use of IS effectiveness for PPCs prevention in
patients after upper abdominal surgery [9-15].

The purpose

The purpose of this study was to evaluate the effectiveness
of incentive spirometry (IS) as a method of atelectasis
prevention in patients with moderate or high risk of PPCs
development after upper abdominal surgery.

Materials and methods

The study consisted of two stages, namely the retrospective
and prospective. Prior to the beginning of the prospective
study, all patients signed an informed consent. Inclusion
criteria were: age older than 18 years, risk assessment

of PPCs development on the ARISCAT scale 226, upper
abdominal surgical procedures, duration of which was
more than 2 hours. Exclusion criteria were: age <18 years,
pregnancy, ASA IV-V, hemodynamic instability (cardiac
index <2.5 I/min/m?, and/or need for inotropic maintenance),
intracranial lesions or brain tumors, history of mechanical
ventilation in the last two weeks, history of pulmonary
surgery, lung disease of any etiology, patient's refusal to
participate in the study, acute respiratory failure occurrence
in the first 7 days of the postoperative period. The retrospec-
tive part of the study was to analyze the medical histories
data of 51 inpatients who underwent open upper abdominal
surgery for abdominal pathology. The prospective part of
the study included 42 patients who underwent similar sur-
gical procedures, 3 patients were excluded from the study.
Patients of the retrospective part of the study were included
in the comparison group, and patients of the prospective
part were assigned to the study group.

In both groups, the following indices were evaluated:
demographic data, height, weight, ideal body weight (IBW),
body mass index (BMI), concomitant pathology, ASA class,
ARISCAT score, operative duration, duration of mechanical
ventilation (MV).

In the study group, IS sessions began 2 days prior
to surgery with the Coach 2 incentive spirometer (Smiths
Medical International, UK) and continued immediately
after being transferred to a ward on the first postoperative
day. The incentive spirometer consists of two cylinders,
flexible tube with a mouthpiece. A large cylinder is
marked with a graduated scale in “ml” and contains a
float that rises on the inspiration and shows its volume.
On the large cylinder there is an indicator which can be
adjusted by a clinician to mark a patient’s inspiratory
target. The volume of proper inspiratory capacity of
the lungs (LIC) was determined by the nomogram. The
scale of the smaller cylinder is graduated and displays
the inspiratory flow rate. Patients inhaled at such rate
when the float remained in the middle position. Exercises
were performed in a sitting or semi-sitting position, the in-
centive spirometer was located in front of a patient. The
patient inhaled deeply and slowly through a mouthpiece
of the spirometer. After achieving the maximum volume
the patient held this volume constant for 3-6 seconds,
and then breathe out normally to the atmosphere. IS ses-
sions were conducted for 10 minutes every 2 hours, from
10:00 to 20:00. On the first postoperative day, the initial
inspiratory capacity was determined before proceeding
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with the training using the incentive spirometer. IS training

lasted for a week after surgical intervention. Plot of means and conf. intervals (95.00 %)

Pulmonary atelectasis occurrence during the first 7 3500
days of the postoperative period was determined at the end 3000
of the study. The presence of atelectasis was revealed by 2500
a clinical sign, such as a decrease in SpO, <96 % when L:>
breathing room air for 5 minutes as well as by ultrasound 5 2000
and radiological signs. g 1500
The statistical analysis of the data was performed using - 1000
the Microsoft Excel 2013 and Statistica for Windows 6.0 500
programs. The hypothesis for the normality of quantitative
indices distribution was analyzed using the Shapiro-Wilk 0 ) )
o e e . N Days of postoperative period
criterion. The quantitative indices with normal distribution mday1 mday? mday3 mday4 mday5 mday6 mday?

were represented by the mean and standard error (M £ m)
or the median and interquartile range (Me [Q,;, Q,]), and
as absolute numbers for qualitative indices not normally
distributed. The Mann—-Whitney’s U-criterion was used as 120

a method of nonparametric statistics to compare the quan- P =0.0415

titative data. When comparing the groups according to 100
the clinical outcome, the relative risk (RR) and odds ratio 80
(OR) were determined and then confidence intervals (95 % 60
Cl) were calculated. Statistical significance of the results

was determined depending on the Cl values. If the Cl was 40
in the right side of the one (all values of Cl greater than 1), 20
then RR or the chance of pulmonary atelectasis developing

in the first 7 days of the postoperative period was considered 0

comparison group study group

Fig. 1. Dynamics of LIC in the postoperative period.

Percent

statistically significantly increased in the study group rela-
tive to the comparison group and, accordingly, conversely,
left-sided Cl corresponded to lower statistical significance. If
Clfor RR and OR included 1, it was considered that the dif-
ferences between groups were statistically insignificant. AP
value <0.05 was considered statistically significant.

W atelectasis are absent (%) @ atelectasis are present (%)

Fig. 2. Comparison of atelectasis incidence in the groups.

Table 1. Characteristics of patients, M + m or Me [Q,; Q]

Comparison Group Study group
(n=51) (n=39)

Results

The characteristics of demographic and clinical data are

Age, years 61[43; 69] 63.912,36 0.076

presented in Table 1. There were differences between S 24127 2118 0.385
data of both groups patients in all indicators (P > 0.05), Height, cm 173 [165; 178] 169.95 + 1.24 0333
that confirmed our hypothesis for representativeness of Weight, kg 77.88 +2.91 7523+ 1.68 0.952
the compared groups. IBW, kg 66.05 [57.02; 73.30] 62.98 £ 1.45 0.582
Patients in both groups underwent various open BMI, kg 26.43 +0.93 2711+ 051 0.128
surgical interventions on the upper abdominal organs for ARISCAT, score 40.13 + 1.1 40.38+2.38 0.088
abdominal pathology, which general characteristics are ASA /I, n 8/21/22 3/18/18 0.345
given in Table 2. The differences between groups are Duration of operation, min 144.61+5.96 128.46 £ 6.71 0.061
statistically insignificant. Duration of MV, min 37578 + 90.66 302.69 + 78.37 0.058

The dynamics of LIC level in the study group in the first
postoperative week is shown in Fig. 1. On the 7th day after
surgery, the level of LIC was higher than the baseline by
37 % and reached the appropriate level in 34 patients (87 %).

During the first 7 days, 34 cases of pulmonary atele-

Table 2. Characteristics of surgical interventions, n (%)

Types of surgical interventions Comparison group | Study group
(n=51) (n=39)

ctasis (67 %) were recorded in the comparison group. In Operative intervention on the liver and bile ducts 19 (37 %) 14 (36 %)
the study group, 9 patients (23 %) were diagnosed with Operative intervention on the stomach and duodenum 21 (41 %) 15 (38 %)
pulmonary atelectasis (Fig. 2). Operative intervention on the small intestine 11 (22 %) 10 (27 %)

The comparison of clinical results showed that when
applying incentive spirometry, there was a statistically
significant decrease in the relative risk of atelectasis
development in the first week of the postoperative pe-

Discussion

In our work, the effectiveness of incentive spirometry as a

riod (RR = 0.346, 95 % CI [0.189; 0.634], P = 0.0006).
OR =0.150, 95 % CI [0.058; 0.386], P = 0.0001, Cl was to
the left of 1, indicating that the chance of atelectasis devel-
opment was statistically significantly lower in the study group
as compared to the retrospective part group.

Zaporozhye medical journal. Volume 21. No. 2, March — April 2019

way of pulmonary atelectasis prevention has been proved.
These data coincide with the results of Berman et al.
(2012) [9], which show that breathing exercises aimed at
maximizing the inhalation efforts during IS are most useful
for the prevention of respiratory complications such as
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atelectasis and pneumonia. Westwood et al. (2007) [10]
found a decrease in respiratory complications after major
abdominal surgery in patients using incentive spirometers
and confirmed that the IS helps reduce the length of stay in
a hospital. They also acknowledged that maximizing inha-
lation efforts during IS plays an important role in preventing
atelectasis and their complications. In Pelus and Kaplan’s
study (2006) [11], it was emphasized that IS is an effective
strategy to reduce the risk of pulmonary complications for
patients after open surgical interventions in abdominal
surgery. In addition, incentive spirometers are easy to use
and there is the possibility of using it independently after
the previous training as well as a visual feedback that allows
a patient to record obtained LIC indicators yourself. Howe-
ver, there is another opinion on the effectiveness of the IS,
as Pantel H. et al. (2017) [12] did not reveal any influence
of the IS on the postoperative pulmonary complications
development in patients after bariatric surgery, therefore
its use is not recommended for this category of patients.
Paulo do Nascimento Junior et al. (2014) [13] reviewed
the data from 12 studies published before August 2013 and
concluded that there was low quality evidence regarding
the lack of effectiveness of incentive spirometry for preven-
tion of postoperative pulmonary complications in patients
after upper abdominal surgery. This review emphasized
the urgent need to conduct well-designed trials in this field.

Conclusions

Incentive spirometry is an effective way to prevent
pulmonary atelectasis in patients with a moderate or high
risk for developing postoperative pulmonary complications
according to the ARISCAT scale after upper abdominal
surgery.

Prospects for further research. Patients with a
moderate and high risk of PPCs development require
particular attention; therefore it is necessary to develop a
complex perioperative respiratory support for this category
of patients taking into account specific features of pulmonary
tissue mechanical properties of each patient. This direction
is promising in modern respiratory medicine and needs
further research.
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