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Today chronic obstructive pulmonary disease (COPD) is one of the most common diseases with specific pulmonary vascular changes.
The aim - to evaluate elastic properties of pulmonary artery (PA) and pathogenic mechanisms of disorders in COPD.

Materials and methods. Participants were 50 patients with COPD stages 1-3 without comorbidities (32 men and 18 women, aver-
age age was 49.8+1.0 years). Control group included 30 healthy people (19 men and 11 women, aged 50.1+1.2 years). PA elastic
properties was researched by ultrasound method. Statistical analysis was performed by means of the Statistica®6.0 for Windows
(StatSoft Inc.) software using parametric and nonparametric methods.

Results. Study data showed that pulmonary arterial pressure (PAP) and PA elastic properties were significantly different between
subjects with COPD and control group. Thus, pulsatility, compliance and distensibility in CORD were decreased (39.2311.6 %,
6.410.4 mm2mm Hg and 1.71£0.10 %/mm Hg versus 51.4 £1.9 %, 11.1+0.5 mm?mm Hg and 3.30+0.12 %/mm Hg in control group,
respectively, p<0.05), and elastic modulus and index stiffness B were increased (65.7+3.7 mm Hg and 2.91+0.17 t0 31.6£1.2 mm
Hg and 2.05+0.08, versus 31.6+1.2 mm Hg and 2.05+0.08 in control group, respectively, p<0.05). Analysis in groups divided by
severity of COPD showed that PA elastic properties was not different significantly between subjects with COPD stage-1 and control
group. However, several significant differences in PAP and PA elastic properties between subjects with COPD stage-2, COPD stage-3
and control group were found (p<0.05). Pearson correlation analysis was showed significant relationships between indexes of PA
elastic properties and FEV, indexes of PAP.

Conclusions. The changes of PA elastic properties in COPD are accompany by increasing stiffness, thus reduce pulsatility,
compliance and elasticity of vascular wall. Detected changes of PA elastic properties were associated with disease progression,
airflow limitation and pulmonary hypertension, most significantly in COPD stage-3.

MpyXHo-eAaCTHUHI BAACTUBOCTI AereHeBoi apTepii npu XpoHiuHOMY 06CTPYKTUBHOMY
3aXBOPIOBaHHI AereHb

C. 1. DAoueHko, 0. B. fAlueHko

XpoHiyHe 0BCTPYKTHBHE 3axBoproBaHHS NnereHb (XO3/T) 3anuwaeTbCsl OaHUM i3 MOLUMPEHUX 3aXBOPHOBaHb, LLIO CYNPOBOMKYETHCA
3MiHamMu NIereHeByX CyauH.

MeTa po60TH — OLHNTK NPYKHO-ENACTUYHI BNACTUBOCTI NEreHeBOi apTepii Ta NaToreHeTUYHI MexaHi3My iXHiX MopyLUEHb Y XBOPUX
Ha XO3/1.

Marepianu Ta metoam. O6cTexunm 50 xopux Ha XO3J1 1-3 craaii 6es cynyTHix 3axBoproBaHb (32 4omnoBiku Ta 18 xiHok), cepeaHin
Bik skux — 49,8+ 1,0 poky. [lo rpynu koHTponto yaeinwnu 30 3gopoux ocib (19 yonosikis, 11 xiHok) Bikom 50,1+1,2 poky. BusHa-
YeHHS! MOKa3HWKIB NPYXXHO-eNacTU4HUX BNacTUBOCTEN NereHeBoi apTepil 34iNCHIOBanu yrbTpa3sykoBuM MeTogoM. Ctatnctuyxe
OonpaLtoBaHHsi pe3ynsTaTiB BUKOHyBamnu 3 BUkopuUcTaHHsIM nporpamu «Statistica® 6.0 for Windows» (StatSoft Inc.) i3 3acTocysaHHsM
napameTpUYHNX i HenapameTpUYHUX METOZIB.

Pesynbratu. Y xsopux Ha XO3J1 cnoctepirany cyTTeBi NOPYLIEHHSA NPY)XHO-€NacTUYHUX BNACTUBOCTEN NMEreHeBoi ap-
Tepil y BUMMAAI 3MEHLLeHHs iHaekcy nynbcauii, nigaatnueocTi, po3TskHocTi (20 39,2+1,6 %, 6,4+0,4 MM¥MM pT. CT.
1a1,71£0,10 %/mwm pr. cT. npon 51,4+ 1,9 %, 11,1£0,5 Mm?/mm pr. cT. i 3,30£0,12 %/MM pT. CT. y 300poBux oci6 BignosiaHo, p<0,05)
i 36iMbLLEHHS enacTUYHOrO MOAYNSs, iHaeKcy xopcTkocTi B (1o 65,7+3,7 Mm pT. cT.12,91£0,17 npotn 31,6+ 1,2 Mm pr. cT.12,05+0,08
y 300poByx ocib BignosigHo, p<0,05). AHania npyxHo-enacTyHux BnacTueocted J1A 3anexHo Big ctaaii XO3/1 ooBiB 30inbLUeHHS
nogibHMX 3MiH nopsA i3 NporpecyBaHHAM GpOHX00BCTPYKTUBHUX NOpyLUEHb HarcyTTegiwe Y rpyni XO3J1 3 cragii. 3a gaHnmMu kope-
NALINHOTO aHani3y BUSBNEH LLiMbHi 3B'A3KV MiX NOKa3HUKaMM MPYXHO-eNacTUYHIX BNaCcTUBOCTEN NEreHeBOi apTepii Ta BENYMHamm
apTepianbHOro TUCKY B NereHeBiit apTepii, 6inbLu CyTTEBI 3 6OKY CUCTOMIMHOTO Ta NyNbCOBOrO apTepianbHOro TUCKY.

BucHoBku. Mepebir XO3/T cynpoBOmMKYETHCA MOPYLIEHHSAMW NPYXXHO-ENACTUYHUX BNACTUBOCTEN NEreHeBoi apTepii y BUrnsai
3MEHLLEHHSI NMynbCaTUBHOCTI, NBAATNMBOCTI, PO3TSHKHOCTI Ta 36iMbLUEHHS )KOPCTKOCTI, CTYMiHb SKWX MOB'A3aHWIA i3 BENUYMHaMU
BPOHX00OCTPYKTUBHUX MOPYLLEHD | BUPA3HICTIO NEreHeBOI rinepTeHsii.

Yprro-aAac'rutlele CBOICTBa AEroYHoM apTepuu nNpu XpoHUYeckom OﬁcTPYKTMBHOM
3aboneBaHNU AETKUX
C. Al. Aouenko, O. B. AueHko

XpoHuueckas 06cTpykTnBHas bonesHb nérkux (XOBJT) ocTaéTcst 04HUM 13 pacnpoCTPaHEHHBIX 3a60neBaHNiA, KOTOPOE COMPOBO-
XOAETCS N3MEHEHNAMU NETOYHbBIX COCYAO0B.

Llenb pa6oTbl — OLEHUTb YNpyro-anacTUieckne CBOCTBA NETOYHON apTePUN U NaTOrEHETUYECKIE MEXaHN3MbI X HapYLUEHWIA Y
6onbHbIx XOBJ1.
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Matepuansi n metoabl. Obcnenosaro 50 6onbHEIX XOBJT 1-3 crapnm Ge3 conyTeTByrolmx 3abonesanuii (32 Myx4uHbl 1 18 3anopoxckuit
KEHLLWH), CPeaHWin BO3PACT KOTOPbIX cocTaBun 49,8+ 1,0 ropa. B rpynny koHTpons Boiuny 30 300POBbIX YeroBek (19 MyKUMH 11 MeAHUMHCKuit

11 xeHLwumH) B BospacTe 50,1+1,2 roga. OnpeaeneHue nokasatenen ynpyro-anacTnyHbIX CBOACTB NErOYHON apTepum NpoBoanIMN :(yf; a,"‘; '1(21%3':
METOZ0M axokapavorpadum. CratucTudeckas oGpatoTka NonyyeHHbIX PE3ymnsTaToB MPOBOANMACH C UCTIONL30BAHUEM NPOTPaMMbl ¢ 2629 ’

«Statistica® 6.0 for Windows» (StatSoft Inc.) ¢ npumeHeHemM napameTpuyeckx U HenapameTpUYECKIX METOLOB.

Pesynbrathl. Y 60nbHbix XOBJT Habnoganuch CyllecTBeHHble HapyLUeHUs ynpyro-anacTuyHbIX CBOMCTB NErOYHON ap-
TepuM B BuAe YMEHbLUEHWS UHAEKCa Nynbcaluu, NogaTnuBocTu, pactskumoctn (ao 39,2+1,6 %, 6,4+0,4 Mm% MM pT. CT.
1 1,7£0,10 %/mm pt. cT. npotve 51,4+£1,9%, 11,1£0,5 mm%/mm pT. cT. 1 3,30+0, 12%/MM pT. CT. ¥ 300POBbIX NOLEN COOTBET-
cTBeHHo, p<0,05) 1 yBenuyeHne anacTUYHOrO MOZYNs 1 MHAEKCca XEcTkoctn (go 65,7+3,7 mm pt. cT. 1 2,91+0,17 npoTus
31,6+1,2 mm pr.cT. 1 2,05£0,08 y 300p0BbIX NMtogelt COOTBETCTBEHHO, p<0,05). AHanu3 ynpyro-anacTuyHbIX CBOVCTB J1A B 3aBu-
cumocTu ot ctagun XOBJT nokasan yBenuyeHne nogobHbIX UBMEHEHWI HApsiZy C NPOrpeccMpoBaHMEM BPOHXOOBCTPYKTUBHbIX
HapyLueHwit, npu atom 6onee 3Haummo B rpynnax XOB/1 2 ctenenn n XOBJ1 3 cteneru. Mo faHHbIM KOPPENnsILMOHHOTO aHan13a
BbISIBNIEHbI TECHbIE CBSA3W MEXY NOKa3aTensiMu ynpyro-anacTUYHbIX CBOCTB NErOYHON apTepum 1 BENNYMHAMM apTepuasnbsHoro
AaBNeHns B NErOYHON apTepum, Hanbornee CyLecTBEHHbIE CO CTOPOHbI MOKasaTenen CUCTOMNYECKOTO W NyNbCOBOTO AaBMEHNS.

BbiBoabl. TeveHre XOBJ1 conpoBoxaaeTcst HapyLLEHUSIMW YMPYro-3MacTUYHbIX CBOCTB NETOYHON apTepUM B BULE YMEHbLLEHNS
NyNbCaTMBHOCTM, NOAATIMBOCTY, PACTSHKMMOCTU W YBENUYEHUS XECTKOCTU, CTENEHb KOTOPbIX CBA3aHa C BenuYnHamu 6poHxo06-

CTPYKTUBHbIX HapYLLEHWIA 1 BLIPAXEHHOCTBI0 NEFOYHON TUNEPTEH3UM.

Today chronic obstructive pulmonary disease (COPD) is one
of the common diseases and observed in 9-10% adult in
many countries, including Ukraine [1]. COPD characterized
by progressive, complicated clinical course and is the fourth
leading cause in mortality. The main pathogenic factors of ad-
verse course in COPD are airflow limitation, and pulmonary
vascular changes. Functional decline is often associated with
vascular remodeling and reduction of the pulmonary vascular
bed leading to pulmonary hypertension and pulmonary heart
progression with heart failure [2,3].

In the last decade, the elastic properties of the pulmonary
artery (PA) and theirimpact on the course of COPD attracted
the attention of researchers. Obvious information about PA
stiffness associated with the severity of COPD [4], obstructive
respiratory disorders and pulmonary hypertension [5]. It is
proved, that the violation of elastic properties of PA adversely
affects the structural and functional condition of pulmonary
vessels and leads to right ventricular overload [6]. Further-
more, Bhatt SP. et al. observed prognostic changes of PA
pulsatility in COPD significantly associated with pulmonary
hypertension and adversely clinical course [7]. So, the study
of PA elastic properties in COPD remains relevant for both
scientific and practical medicine.

Aim of the study

To evaluate the elastic properties of the pulmonary artery
and pathogenetic mechanisms of disorders in patients with
COPD.

(pPAP, mm Hg) counted as derived from mPAP and sPAP.
Forced expiratory volume in 1 s (FEV,) was measured by
spirography after inhalation bronchodilator tests.

Data were analyzed using “Statistica” (v. 6.0, StatSoft
Inc, USA). Comparison of variables between groups was es-
tablished using independent samples t-test or Mann-Whitney
U test (for data with normal or abnormal distribution, respec-
tively). Pearson correlation was used for variable pairs with
linear distribution. Statistical significance among variables
was considered a two-tailed p value of less than 0.05.

The results and discussion

Study data showed that PAP and PA elastic properties
between subjects with COPD and control group were
materially differing (Table 7). So, all PAP indexes were
significantly higher in CORD (p<0.05). Simultaneously,
EM and IS-B were increased significantly to 65.7+3.7 mm
Hg and 2.91+0.17 in group with COPD versus 31.6+1.2
mm Hg and 2.05+0.08 in control group, respectively
(p<0.05). Conversely, Puls, Comp and Dist were decreased
significantly to 39.23+1.6 %, 6.4+0.4 mm¥mm Hg and
1.7120.10 %/mm Hg in CORD versus 51.4+1.9%, 11.1£0.5
mm2mm Hg and 3.30£0.12 %/mm Hg in control group,
respectively (p<0.05).

Analysis in groups divided by severity of COPD (Table 2)
was showed FEV, naturally decreased in groups with
COPD stage-1, COPD stage-2 and COPD stage-3 to
88.3+2.1%, 60.4+1.6 % and 39.7+1.9 %, respectively,

Table 1. PAP and PA elastic properties in the examined groups (M+m)

Materials and Methods
Participants were 50 patients with COPD stages 1-3 without Indexes Control group COPD
comorbidities (32 men and 18 women, average age was n=30 n=s0
49.8+1.0 years). Control group included 30 healthy people SPAP, mm Hg 244107 391£09"
(19 men and 11 women, aged 50.1+1.2 year). mPAP, mm Hg 187203 27£09*
PA elastic properties were researched by ultrasound ~ 9PAPMm Hg 82:03 1450.5"
method [4] and calculated following indexes: pulsatility PPAF, mm Hg 16.1£0.8 24.6£1.0°
(Puls, %), compliance (Comp, mm?mm Hg), distensibility Puls, % 51419 39.23£16"
(Dist, %/mm Hg), elasticity module (EM, mm Hg) and stiff- Comp, mm?*/mm Hg 111205 6.4£04"
ness index B (SI-B). Mean pulmonary arterial pressure Dist, %/mm Hg 3.30£0.12 1.71£0.10"
(PAP) (mPAP, mm Hg) was calculated by Kitabatake equa- ~ EM-mmHg 31.6¢1.2 65.743.7
IS-B 2.05£0.08 29140417 *

tion, systolic PAP (sPAP, mm Hg) was calculated by tricuspid
regurgitation, diastolic PAP (dPAP, mm Hg) and pulse PAP
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*: likely differences between comparison group (p <0.05).
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Table 2. PAP and PA elastic properties distributed by the severity of COPD

Indexes Control, COPD stage-1, COPD stage-2, COPD stage-3,
n=30 n=12 n=20 n=18
FEV % 98.8+1.2 88.3+2.1* 60.4+1.6* 39.7+1.9%
SPAP, mm Hg 24.1 26.1 378 47.1(41.4,53.6)*
(22.98;25.6)  (24.4;27.9) (35.3;40.9)
mPAP, mm Hg 13.8 15.2 23.1 25.3(22.9;28.3)*
(13;14.7) (14.6;16.8) (21.7,25.6)*
dPAP, mm Hg 8.2 8.8 15.1 17.2
(7.1;9.6) (6.9;9.80) (13.7,17.9)* (15.2;20.8)*
pPAP, mm Hg 15.3 18 2715 30.1
(13.4,17.7) (16.7;20.3) (25.3;28.8)* (28.6;33.4)*
Puls, % 4938 46.5 39.9 355
(45.5;55.3) (42.7;50.3) (35.4;44.5)* (31.6;40.1)*
Comp, mm?¥mmHg  10.8 8.7 6.44 4.99
(9.5;12.3) (7.9,9.7) (57;7.4) (3.9;5.5)
Dist, %/mm Hg 32 2.8 17 1.2
(2.6;3.7) (2.3;3.2) (1.4;1.9) (0.9;1.4)*
EM, mm Hg 317 45.0 58.6 80.2
(27.5;36) (39.7,51.2) (51.1,66.8)** (69.2;98.3)*
IS-B 21 22 23 33
(1.7;2.5) (1.8;2.5) (1.9;2.4)* (2.3;3.4)*

*: likely differences compared with the control group (p<0.05); *: likely differences compared with COPD
stage-1 (p<0.05); *: likely differences compared with COPD stage-2 (p<0.05).

Table 3. Correlation between indexes of PA elastic properties, blood pressure and
FEV, (Pearson r, P value)

Indexes

Puls

Comp Dist EM IS-B

FEV,
SPAP
mPAP
dPAP

pPAP

+0.43 (0.03)*

-0.56 (0.001)*

-0.51(0.03)*
-0.40 (0.04)*

-0.55 (0.001)"

+0.40 (0.05)*
-0.42 (0.03)"
-0.41 (0.03)"
-0.38(0.06)

-0.43 (0.03)"

+0.40 (0.05)*
-0.55 (0.001)*
-0.44 (0.02)*
(
(

-040 (0.05)  -0.41 (0.05)*
+0.52(0.01)  +0.50 (0.01)*
+0.47 (0,02 +0.42 (0.03)"
+0.42(0.03)  +0.37 (0.07)
053 (0.001)  +0.50 (0.01)*

-0.41(0.03)"
-0.51 (0.01)*

* p<0.05.
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versus 98.8+1.2% in control group (p<0.05). In its turn,
PAP and PA elastic properties was not different signifi-
cantly between subjects with COPD stage-1 and control
group. However, several significant differences in PAP and
PA elastic properties between subjects with COPD stage-2,
COPD stage-3 and control group were found (p<0.05). Thus,
EM and IS-B in groups with COPD stage-2, COPD stage-3
were increased to 58.6 (51.1; 66.8) mm Hg, 2,3 (1.9; 2.4) and
80.2 (69.2; 98.3) mm Hg, 3.3 (2.3; 3.4) versus 31.7 (27.5;
36.0)mm Hg and 2.1 (1.7; 2.5) in control group, respectively
(p<0.05). Conversely, Puls, Comp and Dist were decreased
t0 39.9 (35.4; 44.5) %, 6.44 (57; 7.4) mm?mm Hg, 1.7 (1.4;
1.9) %/mm Hg and 35.5 (31.6; 40.1) %, 4.99 (3.9; 5.5) mm?/
mm Hg, 1.2 (0.9; 1.4) %/mm Hg versus 49.8 (45.5; 55.3) %,
10.8 (9.5; 12.3) mm2/mm Hg and 3.2 (2.6; 3.7) %/mm Hg in
control group, respectively (p<0.05).

Pearson correlation analysis was used to identify fac-
tors linearly correlated to indexes of PA elastic properties
(Table 3). Thus, FEV, was inversely related to EM (r=-0.49;
p=0.02), IS-B (r=-0.49; p=0.02) and directly related to
Puls (r=+0.43; p=0.03), Comp (r=+0.40; p=0.05), Dist
(r=+0.40; p=0.05). Conversely, all PAP indexes were in-
versely related to Puls, Comp and Dist, but directly related
to EM and IS-B. Most significant relationships were founded
between sPAP, pPAP and Puls (r=-0.56; p=0.001; r=-0.55;
p=0.001, respectively), Dist (r=-0.55; p=0.001; r=-0.51;
p=0.01, respectively). dPAP had least related to indexes of
PA elastic properties.
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Our received data coincide with previous studies [8]
which had demonstrated that PA stiffness and distensibility
were worsened in COPD patients and correlated with de-
creased functional capacity. It should be noted, that the most
significant PA elastic properties changes we are observed
in the later stages of COPD. In addition, the PA elastic pro-
perties were correlated well with the presence of pulmonary
hypertension. Relationship between PA elastic properties and
sPAP, pPAP suggests PA stiffness as a promising biomarker
for early detection of pulmonary vascular disease, and, may
be, to play a role in right ventricular failure in COPD. Similar
relationships marked by Thenappan T. et al. [9] as early
change in the disease process even when pulmonary artery
pressure and pulmonary vascular resistance are normal.

Thus, present studies demonstrated violation of PA
elastic properties in COPD with increased stiffness, thus
reduce pulsatility, compliance and elasticity of vascular wall.
Detected changes of PA elastic properties were associated
with disease progression, airflow limitation and pulmonary
hypertension, most significantly in COPD stage-3. More
significant relationships between PA elastic properties
violations and systolic, pulse pulmonary arterial pressure
were founded.

Conclusion

1. Violation of pulmonary artery elastic properties in
COPD characterized by increasing stiffness and thus reduce
pulsatility, compliance and elasticity of vascular wall.

2. Changes of PA elastic properties in COPD is associat-
ed with disease progression, airflow limitation and pulmonary
hypertension, most significantly in COPD stages-3.

3. Systolic and pulse pulmonary arterial pressure had
most significant relationships with violations of PA elastic
properties.
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