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CPABHUTEJIbHBIN AHAJIN3 NOKA3ATEJIE KAPAUOUHTEPBAJIOMETPHUU,
IPITOPE®JIEKCA U JAHHBIX 6-MUHYTHOI'O IIAT'OBOI'O TECTA
Y BOJBHBIX XPOHUYECKOW OBCTPYKTUBHOM BOJIE3HBIO JIETKHUX
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uM. akaj. W.I1. [TaBnoBa Munszapasa Poccuu, Psizanb, Poccus

I]ens. VI3yunTh B3aUMOOTHOILICHHE MTOKa3aTeNe KapAMOMHTEPBAIOMETPUH U 3propeduiekca
C MOKa3aTeNsIMU 6-MUHYTHOTO ILIArOBOr0 TecTa y OOJIbHBIX XPOHUUECKOW OOCTPYKTUBHOM Ooes-
Hpto serkux (XOBJI). Mamepuanst u memoost. B uccrnenoBanue BKIIOYEHO 63 mMalueHTa ¢
XOBbJI, 40 manMeHTOB — KOHTPOJBbHOM Ipymmbl (Bce — MYXUYMHBI). DYHKINOHAIBHYIO OLEHKY
BHEIIHETO JIbIXaHUS U 6-MUHYTHBIN LIaroBbld TECT IPOBOAMIIN C UCIIOJIB30BaHUEM 000PYI0BaHUS
Spiropalm 6 MWT (Cosmed, Utanust). OnieHKy BETeTaTUBHOTO CTaTyca M BIMSHUE HAa HErO dPro-
pedexca NpoBOIMIM METOJOM PErucTpaluy KapIWOMHTEPBAIOMETPUM 0, BO BpeMs U MOCIE
npoObl ¢ BHEIIHEH nepudepudeckoil cocyaucTol OKKIo3ueil Ha o0OpyJOBaHMU alIapaTHo-
nporpaMMHoro komiuiekca «Bapukapa» (OOO «Pamenay, Poccust). Pezyasmamut. 1lpu Bbino-
HEHUM O-MHHYTHOTO LIAaroBOIO TECTa IOJIYYEHBI CTATUCTUYECKH 3HAYMMBbIC PaA3INUMsl MEXKAY
rpynnoi nanueHToB ¢ XOBJI v KOHTPOIBbHOM TPYIION 10 OONBIIMHCTBY UCCIEYyEMbIX MOKa3a-
teneit (p<0,01). 18 u3 63 mamumenTos, crpagatomux XOBJI, 3a Bpems npoBeneHus 6-MUHYTHOTO
[IaroBOTO TecTa, MMeNnu cHIkeHue ypoHa SPO; Ha >4% (p<0,01). [Ipu npoBeneHuu mpoOsI ¢
BHEIlIHEeH nepugepruyeckoil CoOCyIMCTON OKKIII03Uel B 00enx Ipynmnax yBeJInYUBaJICs MHIEKC MO-
Kazaresnell akTUBHOCTU peryisaTopHbix cucteMm (ITAPC), omnako mocne 3aBepiieHHs HpoObI y
6onbHbIX XOBJI mokaszarens yMmeHblIancs HUXKE NepBOoHauyalbHbIX BeanuuH (p<0,05), a y KoH-
TPOJBHOW TPYNIbl U3MEHEHMs] OKa3aluch euie Oosnee BblpakeHHbIMH (P<0,01). IlaumeHts c
XOBJI 6b111 pazzieneHsl Ha TPYIIbl B 3aBUCUMOCTH OT PacCTOSIHUSA, IPOMAEHHOTO 32 BpeMsl TecTa
¢ 6-MUHYTHON X0/1b0OM: BBISBIIEHA YMEPEHHAs MMOJIOKHUTENbHAS KOPPEIALUS MEXAy MPONHIeHHON
JMCTaHIUEH 1 00beMOM (DOPCHPOBAHHOTO BBIOXA 3a MepByio cekyHay (OPB;, R=0,45, p<0,01).
MaxkcuManbHbIi YpOBEHb CyMMAapHOTo 3(p@eKkTa BereTaTUBHOM peryysliuu KpoBOOOpalleHus 3a-
PETUCTPUPOBAH y MALMEHTOB, NPEOAOJEBIINX 33 BpPeMs O-MHUHYTHOIO IIAaroBOr0 TECTa MHUHU-
MajpHOE paccrosiaue (227,77+48,13 m). Takke 3apeructpupoBaHa yMEpEHHas OTpUIIATEIbHAs
Koppensius Mexay uHiaekcoMm ITAPC u pesynmpraTom Tecta ¢ 6-mmuHYTHOH X0oap00ii (R=-0,34,
p<0,01). Botéoowr. 1. Ilpu mpoBencHUM TecTa ¢ 6-MHHYTHOW XOAb0OOW BaXkKHOE 3HAUEHHUE IS
OLIEHKH (DYHKIIMOHAJIBHOTO CTaTyca MalMeHTOB UMEET MCCIIEJOBAHNE CAaTYPaLMU Ha MPOTSHKEHUH
Bcero Tecra. 2. 3menenue 3Hauenunit uujexca ITAPC npu npoBezeHnu npoObl ¢ BHEIIHEH nepu-
(bepuyeckoil cocyTuCcTON OKKITIO3UeH MOXXHO PAaCLeHMBATh KaK CHMXKEHHME BIUSHMS peduiekca ¢
HPropenenTopoB HIKHUX KOHEYHOCTEH Ha (YHKIMOHAJIHHOE COCTOSHHE MAIMEeHTOB. 3. Y mamu-
enToB ¢ XOBJI BeIsiBNIEH BhIpakeHHBIN BeretatuBHbIN qucOananc. Manekc [TAPC nmeer ymepen-
HYIO OTPULIATENFHYIO KOPPEISALHIO C MPONUCHHBIM PACCTOSHUEM IPU TECTE C 6-MUHYTHON XOJIb-
60i1. 4. MakcumanbHble 3HadeHus: unaekca [TAPC nonydeHsl y manueHToB ¢ MUHUMAIBHO MPOK-
JICHHBIM PacCTOSIHUEM IPH BBIIIOJIHEHUHU TeCTa ¢ 6-MUHYTHON XO1b00H.

Knroueevie cnosa: XOBJI, 6-munymuniii wiaeoswiii mecm, speopeghiexc, eapuaderbHocmy
pumma cepoya, npoba ¢ eneulHell nepughepuieckol cocyoucmou OKKI03Uel.
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COMPARATIVE ANALYSIS OF PARAMETERS OF CARDIOINTERVALOMETRY,
ERGOREFLEX AND DATA OF 6 MINUTE WALK TEST IN PATIENTS
WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE

V.N. Abrosimov, A.V. Kosyakov, M.N. Dmitrieva

Ryazan State Medical University, Ryazan, Russia

Aim. To study the relationship between parameters of cardiointervalometry and ergoreflex,
and 6-minute walk test data in patients with chronic obstructive pulmonary disease (COPD). Ma-
terials and Methods. The study included 103 men, of them 63 patients with COPD, 40 patients of
the control group. Functional assessment of external respiration and a 6-minute walk test were
performed using Spiropalm 6MWT equipment (Cosmed, Italy). The autonomic status and the in-
fluence of the ergoreflex on it were assessed by the method of cardiointervalometry before, during
and after the test with external peripheral vascular occlusion using Varicard hardware and soft-
ware complex (LLC Ramena, Ryazan, Russia). Results. When performing a 6-minute walk test,
significant differences were obtained between the groups of patients with COPD and of the con-
trol group in the majority of the studied parameters (p<0.01). In 18 of 63 patients with COPD, the
level of SpO, in 6-minute walk test decreased by> 4% (p<0.01). The obtainedresult is of consi-
derable importance for assessment of exercise tolerance in patients with COPD. In tests with ex-
ternal peripheral vascular occlusion in patients with COPD and of the control group, the index of
activity of regulatory systems (IARS) increased in both groups. However, after completion of the
test, the index in patients with COPD decreased below the initial values (p<0.05), and in patients
of the control group the changes were even more pronounced (p<0.01). Patients with COPD were
divided into groups depending on the distance covered in 6-minute walk test. Analysis of the data
revealed a moderate positive correlation between the covered distance and the forced expiratory
volume in the 1st second (FEV;, R=0.45, p<0.01). The maximum level of the total effect of the
autonomic regulation of blood circulation was recorded in patients who covered the minimum dis-
tance (227.77+48.13 m) in 6-minute walk test. Besides, a moderate negative correlation between
IARS and the results of 6-minute test was recorded (R=-0.34, p<0.01). Conclusions. 1. For as-
sessment of the functional status of patients in 6-minute walk test it is important to take measure-
ment of saturation throughout the whole test. 2. The change in IARS values in the test with exter-
nal peripheral vascular occlusion can be regarded as a reduction of the influence of reflex from
the lower limb ergoreceptors on the functional condition of patients. 3. Patients with COPD
showed a marked autonomic imbalance. IARS showed a moderate negative correlation with the
distance covered in 6-minute walk test. 4. Maximum value of IARS was obtained in patients with
the minimal distance covered in 6-minute walk test.

Keywords: COPD, 6-minute walk test, ergoreflex, heart rate variability, test with external
peripheral vascular occlusion.

Chronic obstructive pulmonary disease the emotional status. Clinical manifestations
(COPD) presents a serious problem for public of the disease, such as dyspnea, weakness of
healthcare service. The disease considerably respiratory and physical muscles lead to re-
impairs the quality of patients’ life. Patients duction of tolerance to physical loads [1,2].
experience impairment of the everyday activi- The diagnosis is verified on the basis of
ty, of physical working capacity, changes in the parameter that reflects the ratio of the
POCCUWACKUA MEOWKO-BEUNONIOMMYECKUA BECTHUK I.P. PAVLOV RUSSIAN MEDICAL

nmeHu akagemuka WU.M. NaBnoBa. 2019. T. 27. Nel. C. 49-58 50 BIOLOGICAL HERALD. 2019;27(1):49-58



DOI:10.23888/PAVLOVJ201927149-58

OPUITMHANbHOE UCCINEQOOBAHUE

ORIGINAL STUDY

forced expiratory volume in the first second
(FEV1) to forced vital capacity of lungs
(FVCL) after use of a bronchodilator. The
parameter <70% shows bronchial obstruction
[3]. The diagnostic significance of FEV; is
out of doubt, but this parameter does not
show a good correlation with the severity of
COPD course [4].

Along with disorders in the respiratory
system, patients with COPD often present
with extra pulmonary alterations manifested
by the reduction of physical activity [5,6].
Negative influence of sedentary lifestyle on
physical and mental condition of an individu-
al has been discussed many times [7]. Toler-
ance to physical activity is evaluated in tests
with physical loads and also by analysis of
parameters that reflect the ability of a patient
to do physical work [8].

The most common loading test is a 6-
minute walk test (6MWT). It is used for de-
termination of the functional status of a pa-
tient with diseases of respiratory organs, for
assessment of the effectiveness of treatment
and for making prognosis. An important
matter is assessment of saturation before and
after 6MWT. Analysis of saturation in
6MWT is included into recommendations of
the Russian Respiratory Society as a method
of additional confirmation of the COPD di-
agnosis [9,10].

There exist literature data about heart
rate variability (HRV) in individuals with dif-
ferent diseases, however, little information is
given on assessment of the autonomic status
of patients with COPD [11,12]. One of me-
thods of assessment of the autonomic status is
a method of HRV analysis. Using HRV, it is
easy to assess neurohumoral regulation of the
cardiovascular system (CVS) and the activity
of the autonomic nervous system (ANS) [13].
Patients with COPL exhibited the autonomic
imbalance manifested by a stepwise reduction
in the activity of parasympathetic division of
the autonomic nervous system throughout a
day. The cardiointervalogram (CIG) of the
majority of patients with COPD showed re-
duction of all time parameters [11,14].

In the study of M. Pagani, et al. (1997),
relationship between HRV and the extent of
bronchial obstruction in patients with bron-
chial asthma (BA) was established — a consi-
derable impairment of HRV parameters: of
the total spectrum power, low frequency (LF)
parameters, high frequency (HF) parameters.
Reduction of HF (spectrum power of the high
frequency component of variability) is inter-
preted as the result of predomination of sym-
pathetic division of the ANS with reduction in
the influence of parasympathetic division
[15]. Reduction of LF (spectrum power of a
low frequency component of variability) re-
sults from increase in the activity of sympa-
thetic division of the ANS, since this parame-
ter reflects the condition of regulation of the
vessel tone. Change in LF/HF ratio indicates
the autonomic imbalance with predomination
of the sympathetic influence. These changes
may probably be associated with increase in
the respiratory rate (RR) [16].

In the study of O.V. Pilyasova, et al.
(2008) moderate relationships were estab-
lished between the values of peak expiratory
flow rate in 1 sec and SDNN parameters
(Standard Deviation of Normal to Normal
R-R Intervals, standard deviation of totality
of intervals), LF/HF, LF, and a moderate re-
lationship between FEV1/FVCL and the total
spectrum power, which eventually confirms
existence of interrelation between the auto-
nomic regulation and parameters of respira-
tory function [17].

At present great attention is given to
the systemic effects of COPD, to functional
disorders in the peripheral muscles. In this
connection, of interest is a study of ergoref-
lex [18]. Ergoreflex is one of reflex mechan-
isms that regulates adaptation of the respira-
tory and cardiovascular systems to the de-
mands of an organism and maintains its ho-
meostasis [19]. Muscle receptors are afferent
receptors sensitive to products of metabolism
of skeletal muscles. The object of study of
M. Piepoli, et al. (1997) was activation of
these receptors in patients with chronic car-
diac failure where it could be provoked by
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metabolic disorders in skeletal muscles, ear-
ly acidosis and accumulation of metabolites
in working muscles [20].

Activation of the ergoreflex seems to be
a positive compensatory mechanism for main-
tenance of a stable homeostasis. In patients
with chronic diseases of the respiratory and
cardiovascular systems, the exaggerated acti-
vation of ergoreflex is considered to be a per-
sistent source of enhanced influence of sym-
pathetic division of the ANS [21].

Aim to study the interrelation between
the parameters of cardiointervalometry and of
ergoreflex, and parameters of 6-minute walk

test in patients with COPD.
Materials and Methods

103 Male patients were studied: 63 pa-
tients with COPD (average age 65.8+8.6
years) and 40 practically healthy volunteers
(average age 59.8+11.3 years). Individuals
presenting with decompensated chronic dis-
eases, serious organic pathology of the CVS
(disorders in heart rhythm and conduction,
history of cardiovascular accidents) were not
included into the study.

Comparison between the two groups in
age, FEV; and FEV1/FVCL parameters is
given in Table 1.

Table 1

Comparative Initial Clinical Characteristics of Patients
with COPD and Patients of Control Group

Patients with COPD Control Group
(n=63) (n=40)
Age, years 65.73+8.56 59.13+11.24
FEVy, L 1.57+0.65* 3.38+0.68
FEV./FVCL, % 49.85+14.71* 78.89+6.90

Note: * — p<0.05 in comparison with the results of control group

All the tested individuals were in-
structed in detail about the aim and tasks of
the study, they received detailed answers to
their questions, after which the Informed
agreement was signed. The study was ap-
proved at meeting Ne3 of Local Ethics Com-
mittee (9 Nov 2016) at Ryazan State Medical
University.

Functional capacities of the respiratory
system of patients were studied according to
ATS/ERS Standards (Series ATS/ERS Task
Force: Standardization of Lung Function
Testing, 2005) [22] and to recommendations
of the Russian Respiratory Society on use of
spirometry method, 2014 [23], on the equip-
ment Spiropalm 6MWT (Cosmed, Italy).
Within 12 hours before the study the patients
refrained from use of short-acting and long-
acting bronchodilators.

6MWT was conducted in compliance
with Clinical recommendations of the Ameri-

can Thoracic Society (2014) [24]. In each test
person spirometry was preliminary con-
ducted.

The influence of ergoreflex was as-
sessed by a method of registration of cardio
intervals on Varicard hardware-software
complex (LLC Ramena, Ryazan, Russia).
Three parameters were recorded: the initial
level within 5 minutes in the supine position
in relaxed wake prior to the test with external
peripheral vascular occlusion; with cuffs ap-
plied on the hips — within 3 min; and in the
recovery period — 5 min. Simultaneously res-
piratory rate was measured.

The following parameters were studied:
heart rate (HR), beat/min; RR per minute;
SDNN, ms; RMSSD (the Root Mean Square
of Successive Heart Beat Interval Differenc-
es), ms; HF, %; LF, %; VLF (very low fre-
quency slow waves),%; LF/HF (ratio of pow-
er in the low frequency range to power in
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high frequency range). Mathematical analysis
of cardiointervalogram was conducted using
ISKIM license software (LLC Ramena, Rya-
zan, Russia).

Statistical processing of the obtained re-
sults was conducted using license application
program package Excel 2010 (Microsoft Cor-
poration, USA) and Statistica 10 (Stat Soft
Inc., USA). Correspondence of the variable to
the normal distribution was determined using
Kolmogorov-Smirnov test. The results were
presented in the form of the average mean
(M) + standard deviation (o). Quantitative
signs not corresponding to the normal distri-
bution were presented as median and inter-
quartile range: Me [Q25;Q75]. Statistically
significant were considered differences with
probability of faulty judgment p<0.05.

ResultsandDiscussion

In 6MWT the following results were
obtained in the group of patients with COPD
and in the control group: the distance covered

within 6 minutes: 424.70+162.46 m and
679.41£136.42 m, respectively; the Borg
scale score for the initial level of dyspnea
was: 2.29+1.44 and 0.28+0.13, respectively;
the Borg scale score for the level of dyspnea
after 6OMWT: 5.73+£1.71 and 1.41%1.12, re-
spectively; the Borg scale score for the initial
level of muscle weakness: 1.16+0.35 and
0.21+0.21, respectively; the Borg scale score
for the level of muscle weakness after
6MWT: 3.10+1.80 and 0.61+0.17, respective-
ly (p<0.01 for all the listed comparisons).

The saturation indices (SpO,) in patients
with COPD and of control group were: the ini-
tial level: 93.78+3.12% and 95.91+1.54%, re-
spectively (p<0.01), after 6MWT: 91.53+5.23%
and 95.50+2.08%, respectively (p<0.01). 18 of
63 patients with COPD showed reduction of
SpO0; level during 6GMWT by >4% (p<0.01).

The results of the test with external
peripheral vascular obstruction are given in
Table 2.

Table 2
Comparative Analysis of HRV in Patients with COPD and of Control Group
COPD Control Group
(n=63) (n=40)
Parameter
Initial In test In recovery Initial In test In recovery
period period
HR, beat/min 72.47+11.04# | 72.27£10.77*" | 71.36+10.47 69.07+9.64 70.05+9.66 68.21+£8.91
RR, per min 15.53+4.49 15.90+4.53 16.13+4.62 13.57+4.27 17.48+4.34 13.28+3.99
IARS 5.28+1.81* 5.61+£2.03*" 4.92+1.96 4.76x1.74 5.15+1.74*7 4.02+1.74
RMSSD, ms 24.0 30.0 28.0 155 15.0 17.5
Me [Q1;Q3] [13.0;71.0]* | [11.0;62.0] [13.0;79.0] [10.0;26.5] [10.0;26.5] [10.5;28.0]
SDNN, ms 28.0 28.0 33.0 22.5 26.0 27.5
Me [Q1;Q3] [17.0;57.0]* # | [18.0;52.0] ** | [23.0;55.0] [17.0;35.0]# | [16.5;37.0] [19.5;37.0]
HF, % 47.50+£25.23* | 49.01+£27.07 45.524+25.89 34.94+20.85 32.90+22.96 28.68+16.47
LF, % 28.67+£14.93* | 30.29+16.50 28.80+15.01 35.73+14.97 39.52+16.90 36.54+11.14
VLF, % 23.82+17.67 | 20.36£17.61*" | 25.67+17.47 | 29.32+16.23# | 27.58+17.81*" | 34.52+14.70
LF/HF 0.65 0.62 0.65 1.17 1.77 1.20
Me [Q1;Q3] [0.25;1.39] [0.27;1.70] [0.31;1.66] [0.58;2.59] [0.76;2.92] [0.84;2.38]

Note: *— p<0.05 incomparison with the results of control group,*”— p<0.05 in comparison
of data during test and in the period of recovery, #- p<0.05 in comparison of the initial data with
the period of recovery
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In patients with COPD the index of ac-
tivity of regulatory systems (IARS) increased.
After the test the parameter decreased below
the initial values. The statistically reliable dif-
ference was obtained between IARS during
test and recovery period (p<0.05).

Similar changes were more pronounced
in the control group. Statistically significant
differences were found between IARS in the
test and in the recovery period (p<0.01).

Thus, the test objects shifted from the
group of patients with expressed tension of
regulatory systems (IARS 4-6) to the group
with moderate tension of regulatory systems
(IARS 3-4). On the basis of the obtained data
it is possible to suggest hyperactivity of ergo-
reflex from the lower limbs in patients with
COPD (delta of the total change of IARS in
the testwith peripheral external vascular oc-
clusion in the control group exceeded delta of
the total change of IARS in the group of pa-
tients with COPD).

Then patients with COPD were divided
into groups depending on the distance cov-
ered in 6GMWT. Analysis of the distance cov-
ered in 6MWT and of FEV; revealed a mod-
erate positive correlation (R=0.48, p<0.01).
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The obtained results demonstrate dependence
of distance covered in 6MWT on the func-
tional condition of the patient, and in case of
COPD - on the respiratory function.

With increase in severity of COPD the
activity of parasympathetic regulation in-
creased. The maximal level of the total effect
of the autonomic regulation of circulation was
recorded in patients who covered the minimal
distance in 6-minute walk test (227.77+48.13
m). A reliable increase in the extent of dysp-
nea and in muscle weakness in the lower
limbs was found in patients who walked the
minimal distance in 6MWT as compared to
patients with a higher level of tolerance to
physical load (p<0.05). As to RR, no reliable
differences between groups of patients with
COPD were revealed (p>0.05).

IARS showed a moderate negative
correlationwith the covered distance in
6MWT (R=-0.34, p<0.01, Fig. 1). In other
words, the maximal IARS 6.23+1.8 relative
units (RU) was obtained in patients who
walked the minimal distance in 6MWT —
227.77+48.13 m; the minimal IARS 4.36+1.7
RU was obtained in patients who walked the
maximal distance — 690.82+92.69 m.

r °
°
h ]
. ] °
g 0. ! ° °
- S 8.

@ g, °®
° . : 8
o ® Y )

s °
° °
4 6 8 10
IARS, rel. un.

Fig. 1. Correlation analysis between the result of 6-minute walk test
and IARS in patients with COPD
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Conclusions

1. In conduction of 6-minute walk test
in patients with chronic obstructive pulmo-
nary disease it is important to analyzesatura-
tion throughout the whole test for assessment
of the functional condition of patients.

2. Alteration of the values of IARS in
the test with external peripheral vascular oc-
clusion may be regarded as reduction of the
influence of reflex from ergoreceptors of the

lower limbs on the functional condition of
patients.

3. Inpatientswith chronic obstructive
pulmonary disease an evident autonomic im-
balance was found — a moderate negative cor-
relation of IARS with the distance covered in
6-minute walk test.

4. Maximal IARS values were obtained
in patients with the minimal distance walked
in 6-minute walk test.
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