YK 612.216.2:616.23/.24-002.2:616.24-006.6
https://doi.org/10.20538/1682-0363-2020-4-61-66

Changes in the ventilation function of the lungs during the formation
of chronic obstructive pulmonary disease and its combination with lung
cancer
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ABSTRACT

Aim. To study the ventilation function of the lungs in patients with varying degrees of severity of chronic obstructive
pulmonary disease (COPD) and in patients with COPD combined with lung cancer (LC), as well as to establish the
features of its disorders using spirography and body plethysmography.

Materials and methods. A clinical and functional study of 57 individuals was carried out with 10 healthy patients
(control group), 30 patients with COPD and 17 patients in whom LC was combined with COPD using the Masterlab
Pro diagnostic complex (Erich Jaeger, Germany).

Results. In patients with early COPD, a decrease in MEF_; (a ventilation parameter characterizing small airway
patency) is the most informative. With the progression of bronchial obstruction, both restrictive and obstructive
disorders, characterized by a decrease in FEV |, VC, a change in the structure of the total lung capacity in the
form of an increase in the RV/TLC ratio such as an increase in the RV/TLC ratio and an increase in bronchial
resistance were recorded. In patients with LC and mild COPD, pulmonary volumes, capacities, flow-volume loop
and bronchial resistance parameters did not differ from patients with COPD with a similar bronchial obstruction.
In patients with LC and more severe COPD, in contrast to patients suffering from a similar severity of COPD, a
decrease in the patency of large, medium and small diameter bronchi (PEF, MEF,,, MEF, , MEF. ) was detected,
which indicated development of generalized bronchial obstruction.

50°

Conclusion. Modern diagnostics of pulmonary ventilation disorders in patients with LC and COPD should be
aimed at identifying the disease, and drug therapy should target maximum leveling of reversible components of
bronchial obstruction in order to increase the functional reserve of the respiratory system and reduce the risk of
postoperative complications caused by COPD.

Key words: chronic obstructive pulmonary disease, lung cancer, pulmonary ventilation function, spirography,
bodyplethysmography.
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PE3IOME

Henw. M3yyenne BEHTUIALMOHHON (QYHKIUH JIETKUX y MAIIMEHTOB C Pa3INYHON CTETIEHBIO TSHDKECTH XPOHUUECKOM
obcTpykTuBHOH Oone3nu jnerkux (XOBJI) u npu ee couetanun ¢ pakom jerkoro (PJI), a Takxke ycraHOBiIeHHE
0COOCHHOCTEH pecITUpaTOPHBIX HAPYLICHHUI C TOMOIIbIO ciuporpaduu U 6oaumieTu3Morpadu.

MarepuaJsbl 1 MeToABI. [IpoBeIeHO KIIMHNKO-(QYHKIMOHANEHOE ccienoBanue 57 i (10 310poBbIX (rpyrina KoH-
Tposist), 30 6onbHbIX ¢ XOBJI 1 17 6onbHbIX, Y KoTopbiX PJI couetancs ¢ XOBJI) npu moMoIu AHarHoCTHYECKOTO
komriutekca Masterlab Pro (Erich Jaeger, I'epmanus).

PesyasTatsl. [Ipn HagansHo#t cramum XOBJI Hambonee MHPOPMATHBHO CHIKEHHE MAKCHMAJIBHOTO 00beMa
CKOPOCTH Ha YpOBHe 75% OT (OpCHpOBaHHOW XW3HEHHOH emkocTh nerkux (MOC,,) — BEHTUIAIMOHHOTO
[OKa3aTellsd, XapaKTepU3YIOIEro IpPOXOJMMOCTh MENKHMX JbIxaTelbHbIX IyTed. Ilpu mnporpeccupoBaHun
OpOHXMANBHOI OOCTPYKIMM OTMEYaldHCh KaK OOCTPYKTHBHBIE, TaK W PECTPUKTHBHBIE HapyIICHUS,
XapaKTepH3yoInecs CHIDKCHHEM 00beMa (popcHpOBaHHOTO BBIIOXA 3a MEPBYIO CEKYHY, )KU3HEHHOH €MKOCTH
JIETKUX, U3MCHEHUEM CTPYKTYpPBI OOIIel eMKOCTH JIETKUX B BHJIE YBEINYCHUSI OTHOIICHUS OCTATOYHOTO 00beMa
JIETKUX K OOIIel eMKOCTH JIETKUX M HMOBBIICHUS OpPOHXHAJIBHOTO CONPOTHUBICHUS. Y IAI[MEHTOB, CTPAJAIONINX
PJI B coueranmn ¢ Herspkenod XOBJI, mokasarenu BEHTIIIIUH JITKUX M OpPOHXHAJIbHOE CONPOTHUBICHUE HE
ommyanuck oT nanueHToB ¢ XOBJI, nMeromux aHaTOrHYHyIO0 CTeleHb OpoHXHanbHOH oboctpykuun. [Ipu PJI B
couerannu ¢ Oosee Tspkenod XOBJI, B omnyme OT MAlMEHTOB, CTPAAAIONINX aHAIOTUYHON TshkecThio XOBJI,
YCTaHOBJICHO CHM)KEHHE NTPOXOAUMOCTH OPOHXOB KPYITHOTO, CPEIHETO M MEJIKOTO TUaMeTpa (ITHKoBas 00beMHast
ckopocth, MOC,;, MOC,, MOC_,), CBHIETENECTBYIONIEE O Pa3BUTHH T€HEPAH30BAHHOH OpOHXHMANBHON 00-
CTPYKLIHU.

25° 50°
3aximouenne. CoBpeMeHHasl IMArHOCTHKA HAPYIICHUH BEHTWIISALIH JIETKUX y 001bHBIX PJI B couetannu ¢ XOBJI
JIOJDKHA OBITh HANpaBlIeHA Ha BBISBICHUE, a MEIUKAMEHTO3Has Tepanus — Ha MaKCHMalbHOE HHUBEIHMPOBAHHUE
00paTUMBIX KOMIIOHEHTOB OpPOHXHAIEHON OOCTPYKILIUH C IEBIO MOBBIIEHHUS (PYHKIIMOHAIBHOTO Pe3epBa CHCTEMBI
IIBIXaHUS U CHIDKEHUS PHCKa TOCIICONePAIMOHHBIX OCTIOKHEHHH, BeI3BaHHBIX XOBJI.

KuroueBble ci10Ba: XpoHHUecKas 0OCTPYyKTHBHASI OOJE3HB JIETKUX, PaK JIETKOr0, BEeHTUIISIMOHHAS ()yHKIIUS JIer-
KHX, criuporpadusi, 00uImieTH3Morpadusl.

KOHq)JIPlKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/ICﬁ HaCTOHU.Ieﬁ CTaTbHu.

Hcrounuk punancupoBaHus. ABTOPHI 3asBIISIOT 00 OTCYTCTBHY (PUHAHCHPOBAHHSI.

CooTBeTcTBHE NPUHIMNAM 3THKH. Bece manuenTs! moanucanu MHGOPMHUPOBAHHOE COTJIACHE Ha NPOBEICHHE
nccnenoBanus. MccnenoBanue og00peHo JTOKaTbHBIM dTHYecKuM komuteTroM HUM onkonorun, Tomckuit HUMIL
(mportoxon Ne 10 ot 26.09.2016).

Jas uurupoBanusi: JJoouep C.10., [lybakos A.B., [Toposckwuii 51.B., Ty3ukos C.A., Mumiep C.B., Poxnonos E.O.
V3MeHeHHE BEHTHIISIIMOHHON (DYHKIIUH JIETKUX B IpoIiecce (GOpMUPOBAHUSI XPOHUUECKOM 0OCTPYKTHBHOM (013~
HU JIETKUX U TIPU €€ COYCTAHUU C PAKOM JIETKOTO. brosnemens cubupckoi meduyunst. 2020; 19 (4)/61-66. https://
doi.org: 10.20538/1682-0363-2020-4-61-66.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
and lung cancer (LC) usually coexist and represent
a row of clinical problems [1-3]. At the same time,
COPD more often leads to a decrease in the external
respiration function and is a factor determining the
frequency of complications and the risk of death in
some patients with LC [4, 5].

The diagnosis of COPD is largely functional.
Characteristics of the pulmonary ventilation function
(PVF), namely, the forced expiratory volume during
the first second of the test (FEV), vital capacity (VC),
and the Tiffno index are the “gold standard” for diag-
nosing COPD [1]. However, often at the onset of the
disease, obstructive disorders developing in the distal
parts of the bronchial tree are more effectively diag-
nosed using parameters of maximal expiratory flow
(MEF) of the forced expiratory flow and body plethys-
mography [6, 8]. Body plethysmography additionally
allows to determine bronchial resistance (Raw), to di-
agnose manifestations of lung hyperinflation, which
are used in pulmonology as reliable signs of bronchial
obstruction and changes in the lung tissue elastance
[7, 8]. Identification of abnormality of these parame-
ters helps early diagnosis of COPD and more effective
treatment of this common lung pathology [8].

Annually, 63-65 thousand people fall ill with LC
in Russia, and 1.04 million people in the world, which
makes up 12.8% of all recorded neoplasm cases [9].
A characteristic feature of everyday clinical practice
is an increase in the number of patients operated on in
older age groups and a high percentage of postopera-
tive complications [2, 4]. Soon, a further increase in
demographic aging of the population and an increase
in the number of patients with comorbid pathology are
expected [10, 11].

In this regard, the increased interest in assessing
COPD as a factor that can lead to complications in
the perioperative period in patients with LC is under-
standable [4, 5]. The use of existing effective methods
for diagnosing PVF disorders in this group of patients
is an important task for modern scientific research.

The purpose of the study was to study PVF in pa-
tients with varying COPD severity and in patients
with LC and COPD, as well as to identify the charac-
teristics of PVF disorders using spirography and body
plethysmography.

MATERIALS AND METHODS

To meet the aim of the research, clinical and
functional study of 57 patients was carried out with

10 healthy patients (control group), 30 patients with
COPD and 17 patients with LC and COPD. The sam-
ple of subjects included in the study was formed from
patients being treated at the therapeutic clinic of Si-
berian State Medical University and the Department
of Thoracic Oncology of Cancer Research Institute,
Tomsk NRMC.

According to the PVF study, 8 patients with COPD
had clinical signs of bronchitis and small bronchi
obstruction, but FEV, was normal (group 0). The re-
maining 22 patients were diagnosed with COPD ac-
cording to the COPD diagnostic criteria [1]: in group
1 (10 subjects) — FEV, > 80% of the proper values;
in group 2 (12 subjects) FEV, < 80% of the proper
values — 7 patients had 50% < FEV < 80%, and 5
patients — 30% < FEV, < 50% of the proper values. In
6 patients with LC + COPD, FEV was > 80% of the
proper values (group 3), in the remaining 11 patients
(group 4), FEV was < 80% of the proper values, in 9
of them — 50% < FEV <80%, and in 2 — 30% < FEV,
< 50% of the proper values.

PVF was evaluated on a Masterlab Pro diagnos-
tic complex (Erich Jaeger, Germany). The test was
conducted in the morning on an empty stomach in
conditions of relative rest in the orthostatic position
of a patient. None of the patients in study groups
received any bronchoactive agents for COPD. Spi-
rography and pneumotachography methods analyzed
respiratory minute volume (RMYV), vital capaci-
ty (VC), forced expiratory volume during the first
second of the test (FEV)), Tiffno index (FEV /VC),
flow-volume loop parameters (FVL) — peak expira-
tory flow (PEF), maximum expiratory flow occurring
at the point that is 25% of FVC from the beginning
of the exhalation (MEF,), maximum expiratory flow
occurring at the point that is 50% of FVC from the
beginning of the exhalation (MEF, ), maximum ex-
piratory flow occurring at the point that is 75% of
FVC from the beginning of the exhalation (MEF ).
Body plethysmography determined the structure
of total lung capacity (TLC): residual lung volume
(RV), residual lung volume to total lung capaci-
ty ratio (RV/TLC), as well as bronchial resistance
(Raw).

The average age of patients with COPD (group 2)
was 59.7 + 3.0 years, they were older than the subjects
in the control group, patients of group 0 and group
1(52.6+2.7;48.2+3.0;49.0 £ 2.2, respectively). The
average age of patients with LC and COPD (group 3)
was 56.7 = 2.0, while of patients in group 4 is was
60.8 +2.0. Patients of group 3 were older than patients
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of group 1. There were no statistical differences in age
between patients of groups 2 and 4.

COPD confirmation was carried out by collecting
complaints, medical history, physical examination
and the questionnaire for the COPD diagnosis (CAT
and mMRC scales) [1, 12]. Groups of patients with
LC and COPD (groups 3 and 4) included patients with
ITA — n I1IB stages of LC. Group 3 included 6 patients,
3 patients of them had stage II, another 3 patients had
stage IIIA. Group 4 included 3 patients with [IA-B
stage of non-small cell lung cancer, 7 patients with
IITA stage and 1 patient with IIIB stage. Central LC
was diagnosed in 12 (70.6%) patients and peripheral
LC in 5 patients (29.4%).

The study inclusion criteria were the following:
smoking; absence of other lung and severe somatic pa-
thology, which could affect the parameters of external
respiratory function at the moment of inclusion in the
study; absence of regular baseline and symptomatic
COPD therapy, and consent to participate in the study.

Statistical analysis of the obtained data was car-
ried out on a personal computer using the statistical
software package Statistica 10. The normal distribu-
tion was checked by the Shapiro — Wilk method. Due
to the lack of normal distribution, when comparing
group averages for quantitative characters, the Mann
— Whitney test was used. Quantitative data are pre-
sented as the median Me, the 25th and 75th percentiles
(LQ; UQ). The differences were considered statistical-
ly significant at p < 0.05.

RESULTS AND DISCUSSION

When analyzing the PVF parameters presented in
the Table, it was found that in patients with COPD
(group 0), bronchial patency at the level of MEF,,
was on average lower than in healthy subjects in the
absence of differences in FEV , as well as other flow
and volume ventilation characteristics. In group 1,
there was a decrease in the average values of FEV ,
Tiffno index, VC, and FVL (MEF,,, MEF, , MEF.,)
compared with the average values of the control group
and a decrease in FEV,, MEF,, MEF, , MEF_, with
an increase in RV, RV/TLC in comparison with group
0. In addition, with an increase in obstruction, the pa-
tients of group 2 demonstrated an additional decrease
in VC, an increase in RV, RV/TLC compared with the
healthy subjects of group 0, as well as a pronounced
tendency (85.2%) to increase RV/TLC compared with
group 1.

The restructuring in the TLC structure, detected
in patients with COPD in the form of an increase in

RV/TLC with a progressive decrease in FEV , indi-
cated the development of pulmonary hyperinflation
(PHI), the formation of “air trapping”, an increase in
lung volumes at the end of spontaneous expiration
by the valve obstruction mechanism at the level of
small airways [7, 13, 14] Studies show that PHI leads
to unfavorable functional effects: respiratory muscle
weakness, limited respiratory volume increase during
exercise stress, positive end-expiratory pressure, and
alveolar hypoventilation [8, 14].

Raw in patients with COPD in group 0 and group
1 was in the reference range and did not differ from
the control group (Table). In contrast, Raw in group
2 averaged 153.6%, and was significantly higher than
in the control group and in patients of group 0 and
group 1.

When analyzing the PVF parameters of patients
with LC and COPD presented in the table below, it
was found that in patients with degree 1 of obstruc-
tion (group 3), the average bronchial patency was
reduced in comparison with control subjects and
patients of group 0, in the absence of differences in
parameters with COPD patients of group 1, who had
a similar degree of reduction in FEV,. When compa-
ring the PVF of patients with LC and COPD of group
4 and patients with COPD with a similar reduction
in FEV, (group 2), the studied pulmonary volumes
and capacities did not differ, however, in patients of
group 4, PEF, MEF ,, MEF, , MEF__ were decreased,
which testified to widespread, generalized obstruc-
tion. Moreover, between the analyzed groups there
were no differences in the magnitude of bronchial re-
sistance (Raw).

It can be assumed that in this case, local stenosis
or complete obturation of the bronchial lumen (dys-
telectasis, atelectasis) by a neoplasm, limited in length,
leads to impaired ventilation of the lung tissue. At the
same time, the Euler — Liliestrand mechanism restricts
blood flow through the hypoventilated area, thereby
preventing venous blood bypass, and the unaffected
areas of the lungs can compensate for the loss of ven-
tilation.

Despite the positive results achieved in the tech-
nique of surgical treatment for LC combined with
COPD, the final effects of the treatment remain not
entirely satisfactory, primarily due to the significant
number of postoperative complications caused by
COPD [15].

Studies have shown that tobacco smoking, and in
a lesser extent exposure to other pathogenic particles
or gases, is a major risk factor for developing COPD.
These factors cause an inflammatory process in the
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lungs, progression of which leads to typical patho-
physiological disorders: mucus hypersecretion and
ciliary dysfunction, airflow limitation and hyperin-
flation, pulmonary hypertension and systemic effects,
forming reversible and irreversible components of

bronchial obstruction [6]. It can be expected that mod-
ern functional diagnostics and effective drug therapy
of the reversible component of bronchial obstruction
will open prospects for improving the perioperative
results in patients with LC and COPD.

Table

Results of comparison (p) of PVF parameters in the control group, in patients with COPD and in patients with LC combined with
COPD, Me (LQ; UQ)

COPD COPD + LC »
Para- Healthy 2-c 3¢
meter | (c) (n=10) 0 1 2 3 4 o | M| 20 | 30 | *?
(n=28) (n=10) (n=12) (n=6) (n=11) O e I I
ve 117.6 106.4 104.2 933 106.9 I8 | o6y | 0023 <00603071 g'gzg 0.406
(107.7; 129.6)| (98.5; 112.5) | (97.05 108.7) | (87.6;100.3) | (106.2; 108.7) | (85.7:93.1) | 07 | 0.824 | 7000 | (e | 0.001
_— 109.1 107.8 94.5 44.4 91.5 73.9 Lo |00 zg‘ggi 8'883 0.056
U [(102.0; 117.0)| (104.3; 117.7) | (85.7; 104.0) | (38.0;65.3) | (86.9;98.2) | (65.9;80.9) | 'V |0.037 | > V98 0.001
<0.001 | 0.745
0001 | 0:057
PEF 127.3 127.4 105.1 44.6 106.7 784 | esg | 0028 | S50y | 0175 | 0.023
(113.7; 145.2)[ (106.2; 145.7) | (94.1; 116.8) | (40.6;743) | (975 115.0) |(55.5:101.8) " | 0.051 | S "o, | 0828 | 0.087
MEF (1(2)3'(1)_ 1233 77.6 154 60.4 376 | sy | 0003 zg‘ggi 8'88; 0.031
. 0; : / : : . . . .
1l |(10121422) | (652:867) | (11.7:343) | (509:758) | (31.3:72.5) 0.001 | Z5'001 | o158 | 0:070
MEF 83.9 95.7 472 1.5 54.1 366 | oese 7)06%01] zg'gg} 8'8?; 0.018
w | (76.0; 102.6) | (80.1;110.6) | (39.2;57.3) | (7.5:17.1) | (46.7:662) | (24.1;46.9) | " : : D126 035
<0.001 | 0.278
MEF 85.0 50.0 25.9 9.2 37.9 264 | 103 <060(?o71 zg'ggi 8'23‘2‘ 0.006
5| (60.8;110.6) | (35.6;62.4) | (21.9:37.1) | (5.6:19.8) | (30.7; 44.6) | (14.0;33.4) | - : : 272110009
<0.001 | 0.083
Ry 99.7 79.2 105.2 141.3 127.0 (ﬁg‘g 0.083 | 0:496 g’ggi 8’(1)12 0218
(93.1:110.0) | (63.7:102.3) | (928 129.9) [(132.1: 150.5)] (92.5:136.4) | 0> 0045 | “oaa | 0a0s | 0763
116.4 0.121 | 0.001 | 0.481 | 0.295
90.5 74.6 104.6 121.6 102.1
RV/TLC : _ : _ : (107.1; | 0.109 | 0.016 | <0.001 | 0.272 | 0.003
(87.3:94.6) | (70.6:95.5) | (83.7:120.0) |(115.1:130.6)] (81.1:105.4) | (" ooss | 050s
(42.7:94.0) | (51.5:80.2) | (52.3; 126.0) [(101.9; 197.8)| (86.4; 119.2) |(94.5; 174.4)| - : oott | oasr |

Note: ¢ — control group.

CONCLUSION

1. In patients with early COPD, a decrease in
MEF , (ventilation parameter characterizing small
airway patency) is the most informative. With the
progression of bronchial obstruction, obstructive and
restrictive disorders develop, which are characterized
by a decrease in FEV , VC, a change in the structure
of the total lung capacity in the form of an increase in
the RV/TLC ratio, indicating the development of pul-
monary hyperinflation. It was found that a high degree
of obstructive disorders leads to increased bronchial
resistance.
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2. In patients with LC and mild COPD, pulmonary
volumes, capacities, flow-volume loop and bronchial
resistance parameters did not differ from patients with
COPD with a similar degree of bronchial obstruction.

3. In patients with LC and COPD with a greater
degree of obstructive disorders, in contrast to COPD
with the same degree of reduction in FEV , the de-
velopment of generalized bronchial obstruction at the
level of bronchi of large, medium and small diameter
(PEF, MEF,,, MEF, , MEF ) was determined in the
absence of differences in static and dynamic pulmo-
nary volumes, and bronchial resistance.
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