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Hemostasis system disorders on the background
of external respiratory function in the comorbid
course of chronic obstructive pulmonary disease
and chronic pancreatitis

I. V. Dudka
Bukovinian State Medical University, Chernivtsi

The comorbidity course of chronic obstructive pulmonary disease (COPD) and chronic pancreatitis (CP) can exacerbate
the clinical manifestations of both diseases and increases the frequency of relapses of the pathological process due to
disturbances of hemocoagulation.

The objective: to establish the features of the external respiratory function and the state of selected hemostasis factors
and fibrinolytic activity in patients with COPD and concomitant CP.

Materials and methods. 144 patients with COPD and CP were examined. The external respiratory function, total coagu-
lation potential of blood plasma, enzymatic and non-enzymatic fibrinolysis, total fibrinolytic activity were investigated.
Results. CP contributes to the progression of bronchial obstructive syndrome with a maximum reduction in forced expiratory
volume in the first second compared to the normal values (1.4 times, p < 0.05) and vital capacity (1.2 times, p < 0.05) observed
in patients with comorbid COPD and CP. The prothrombin time was significantly shortened in all patient groups compared
with the practically healthy individuals (PHI): in patients of group 1 — by 20.1%, in group 2 — by 26.3%, in group 3 — by 38.8%
(p,_, < 0.05). Plasma concentration of fibrinogen was significantly reduced across all patient groups in group 1 — by 12.3%, in
group 2 — by 18.6%, in group 3 — by 29.2% (p, , < 0.05). Thrombin time was also reduced in all groups of patients with the grea-
test decline in group 3 — by 36.3% (p < 0.05) compared with group of PHI. Activation of systemic proteolysis was confirmed
by changes in the activity of antithrombin ITI (AT III), the activity of which in patients of group 3 was reduced compared to the
normative values by 29% (p < 0.05). Plasma total fibrinolytic activity in patients of all groups was significantly lower than the
control indicators: in group 1 — by 12.8%, in group 2 — by 14.3% and in group 3 — by 21.7% (p, , < 0.05). The activity of Hage-
man-factor-dependent fibrinolysis (HFDF) was decreased in all groups: in group 1 — by 1.6 times, in group 2 — by 1.7 times, in
group 3 — by 1.8 times (p, , < 0.05) compared with PHI with no significant difference between patient groups (p > 0.05). The
activity of blood coagulation factor XIII in patients of group 1 was decreased by 24.3%, in group 2 — by 20.1%, in group 3 —
by 32.6% (p, , < 0.05). In COPD patients with comorbid CP exacerbation, a significant decrease in plasminogen activity was
found: in patients of group 1 — by 21.9%, in group 2 — by 32.2%, and in group 3 — by 42.6%, respectively (p, , < 0.05).
Conclusions. The factors that worse the course of CP with hypoxia caused by COPD include a decrease in AT III activity
by 29%; a decrease in enzymatic fibrinolytic activity by 21.7% and a decrease in HFDF activity by 1.8 times compared
to normal values. Suppression of the anticoagulant potential of blood (decrease in AT III activity and blood coagulation
factor XIII), decreased overall fibrinolytic activity due to inhibition HFDF and enzymatic fibrinolysis, a compensatory
increase in the activity of non-enzymatic fibrinolysis and an increase in the proteolytic activity of blood plasma indicate
the formation of a hypercoagulable syndrome, which is aggravated by dysfunction of external respiration in patients with
CP and comorbid COPD. This leads to disorders in microcirculation processes in the pancreas in patients with COPD,
which is one of the risk factors for exacerbation of CP.

Keywords: chronic obstructive pulmonary disease, chronic pancreatitis, hemocoagulation, fibrinolysis, fibrinogen, prothrombin
time, antithrombin I1I.

Posnaau cucremu remoctasy Ha Tli NOpyLUeHHS PYHKLIT 30BHILUHbOI0 AUXaHHS MPU KOMOPOigHOMY
nepeoiry XxpoHiYHOro 06CTPYKTUBHOIO 3aXBOPIOBAHHS JIEreHb Ta XPOHIYHOro NnaHKpeaTuTy

I. B. Ayaka

Komopbianuii nepebir XpoHigHoro o6¢TpyKTUBHOTO 3axBopioBans jeretb (XO3JI) i xponiunoro nankpeatury (XII) moske
MOCHUJTIOBATH KJTIHIYHY CHMIITOMATHKY 000X 3aXBOPIOBAHD i PU3BOAUTH /10 YACTUX PEIUIMBIB MATOJIOTIYHOTO TIPOIECY BHA-
CJIIJIOK 3MiH y cucTeMi reMoKoaryJisiii.

Mema docaidcenns: BusHadeHHs1 0cOOIMBOCTEN (DYHKIIT 30BHINIHBOIO JANXAHHS Ta CTaHYy OKpeMHX (DaKTOPIB reMocTasy it
dibpumHomiTIHYHOI akTHBHOCTI ¥ XBopux Ha XO3JI i3 cymyTHim XII.

Mamepianu ma memoou. O6crexeno 144 xgopux Ha XO3JI Ta XII. [Jocaimpkysanu (yHKIIIO 30BHINIHBOTO JIUXAHHS, 3a-
raJIbHUi KoaryIsmiiHuii TToTeHIia mIa3mMu KpoBi, cTtan pepMeHTaTUBHOTO Ta HehepMEeHTaTUBHOIO (hiGPIHOJII3Y, 3araibHy
hiOPUHOMITHYHY aKTHBHICTD.

Pesynvmamu. XI1 3yMOBIIIOE PO3BUTOK GPOHXOOOCTPYKTUBHOIO CHHPOMY, TIPU 1[BOMY MAKCUMaJIbHI OKA3HUKU 3HUKEHHS
06’emy (hOpPCOBAHOTO BUIMXY 3a eIy CEKYH/IY TOPIBHAHO 3 HajJeskHUMU 3HadennsmMu (B 1,4 pasa, p < 0,05) ta KuTTEBOI
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emHocTi Jererb (8 1,2 pasa, p < 0,05) crocrepiraiotbest y XBopux i3 komop0Oianum nepebirom XO3JI i XII. [Iporpombitosuii
Yac JIOCTOBIPHO 3HUIKYBABCsI B YCIX IPyNax CIIOCTEPEKEHHST MOPIBHAHO 3 MOKa3HUKAaMK MPAKTUYHO 310poBuX ocib (I130):
y xBopux 1-i rpymm — na 20,1%, 2-i rpyrm — na 26,3%, 3-i rpyrm — na 38,8% (p, , < 0,05). Bumict dibpunoreny B kposi
GyB JIOCTOBIPHO 3HWKEHUI y XBOpuX ycix rpym: y 1-it rpyni — na 12,3%, y 2-if rpymi — na 18,6%, y 3-it rpymi — na 29,2%
(p, , < 0,05). Beranoseno 3HumKeHHsa TPOMOIHOBOrO Yacy B yCiX Ipylax XBOPHX, IPU L(bOMY HAilGiablue 3HIGKEHHs Bimi-
yasnocs y namientiB 3-i rpymm — na 36,3% (p < 0,05) nopisusiio 3 rpynoio [130. AkTuBaiiiio cucTeMHOrO MTPOTEOI3Y ITijl-
TBEPUKYBaIK 3MiHU akTuBHOCTI aHTuTpoMGiny I11 (AT IIT), akTuBHiCTH SIKOrO y XBopux 3-i rpymnu OyJa 3HUKEHA MOPIBHIHO
3 HOpMaTtuBHUMU 3HaueHHsAMU HA 29% (p < 0,05). Cymapha (HiGpUHOMITHYHA aKTUBHICTD IJIA3MHU KPOBI TAIIEHTIB yCiX IpyIl
GyJia JIOCTOBIPHO HUZKYOIO 33 KOHTPOJIbHI mokazuuku: y 1-it rpymi — na 12,8%, y 2-it rpyni — Ha 14,3%, y 3-it rpyni — na
21,7% (p, , < 0,05). Akrusnicts Xareman-sanesxnoro diopunonisy (X3®) sumkysanacs B ycix rpymax: y 1-it rpymi —
B 1,6 pasa, y 2-it rpyni — B 1,7 pasa, y 3-it rpyni — B 1,8 pasa (p, , < 0,05) nopisusano 3 II30, 6e3 Biporianoi pisuumui mix rpy-
namu (p > 0,05). AxrusnicTb dakropa sropranns kposi X111y xgopux 1-i rpynu sumsunacs na 24,3%, 2-i rpynu — na 20,1%,
3-i rpynu — na 32,6% (p, , < 0,05). ¥ xsopux na XO3JI i3 cymyrnim XII Bizgnadanocs 10cToBipHe 3HUKEHHS IOTEHIIHHOT
aKTUBHOCTI Ia3Minoreny: y 1-it rpymi — na 21,9%, y 2-it rpymi — Ha 32,2%, y 3-if rpymni — Ha 42,6% sixnosizno (p, , < 0,05).
Bucnosxu. Jlo dakropis, mo noripiryiors mepebir XI1 y manienTis i3 rinokcieio, cnpuannenoo XO3J1, HaneskaTh 3HUKEHHS
akrtusHocTi AT 111 na 29%; sumskenst hepmentaTuBroi (hibpuHomiTHYHOI akTUBHOCTI Ha 21,7% Ta 3HMsKenHst aktuBHOCTI X3D
B 1,8 pasa BimHOoCcHO HOpMU. [IpUTHIYEHHSI AaHTUKOATYJISHTHOTO noTeHiiany kposi (3HkenHs akruBHocTi AT III Ta dakro-
pa sroprannst kposi XIIT), sHmkerHst 3arajbHol (GiOPUHOMITHYHOT aKTUBHOCTI TJIa3MKM KPOBi BHACIIOK TpurHivents X3MD
ta depmenTaruBHOrO (hiGPUHOIIZY, KOMIIEHCATOPHE MiJBUINEHHST aKTHBHOCTI HedepMeHTaTHBHOTO (DiGPUHOIIIZY i 3pOCTAHHS
MPOTEOJIITUYHOI aKTUBHOCTI TIJIA3MK KPOBi CBiuaTh 1Po (hOpMyBaHHS TillepKOAryJISIiHHOTO CUHAPOMY, KUl MOCHIIOETHCS
BHACJIIOK AUCHYHKIN 30BHIITHBOTO AnxaHHs y marienTis i3 XII i komopbianum XO3JI. Ile mpusBoauTh 10 TOPYIIEHD MPO-
11eCiB MIKPOIMPKYJISAIi B T/AMIYHKOBI 3a71031 y mamienTiB i3 XO3JI, 1mo € oganm i3 daxTopiB pusmnky 3aroctpenns XII.

Kntouosi cnoea: xponiuie o0CmpyKmueHe 3axX60PHSANHS e2eHb, XPOHIUHULL NAHKPEAMUM, 2eMOK0AzyAsuis, Giopunonis, giopu-

nozeit, npompomobinosuil uac, anmumpombin I11.

hronic obstructive pulmonary disease (COPD) is a

heterogeneous lung disorder characterized by chronic
respiratory symptoms (dyspnea, cough, expectoration),
due to airways inflammation (bronchitis and bronchio-
litis) and/or alveoli pathology (emphysema) that cause
persistent and frequent progressive airflow obstruction.
COPD is one of the most important causes of global mor-
bidity and mortality, which leads to significant economic,
social, and healthcare burdens, resulted in 3.5 million
deaths in 2021, approximately 5% of all global deaths,
according to the World Health Organization data [1, 2].
This problem becomes especially important in case of
presence of other comorbid chronic diseases in patients
with COPD, which are also characterized by progressive
course and systemic inflammatory reactions, as, for exam-
ple, chronic pancreatitis (CP) [3-5].

CP is a progressive inflammatory disease characterized
by irreversible damage to the pancreatic tissue, destroying
exocrine and endocrine function. Over time pancreatic pa-
renchyma is replaced by fibrotic tissue, leading to severe
abdominal pain, malabsorption, and diabetes mellitus [6].
Inflammatory mediators play a leading role in the patho-
genesis of exacerbation of chronic diseases. The system of
immunoregulation in these patients is characterized by
elevated levels of acute phase reactants — C-reactive pro-
tein, ceruloplasmin, ferritin, haptoglobin, fibrinogen and
others [7, 8]. The increase in these proteins reflects the
activation of pathological process inherent in both COPD
exacerbation and CP, ultimately leading to tissues and or-
gans damage [3, 9].

Furthermore, the literature data describe quite vari-
ous disorders of blood coagulation on the background of
systemic inflammation and endothelium dysfunction in
pancreatic diseases (decrease of antithrombin IIT (AT III)
activity, increase of D-dimer level [10, 11], tendency to vas-
cular thrombosis [12, 13]) as well as in COPD (decrease
in prothrombin and AT III activity, a fibrinogen’s level
increase, an increase in plasma tolerance to heparin, a de-
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crease in blood fibrinolytic activity, an increase activated
partial thromboplastin time [14—17]).

It can be expected that the comorbid course of COPD
and CP can worsen clinical symptoms of both diseases [18]
and lead to frequent exacerbations of the pathological pro-
cess due to changes in hemocoagulation. In patients with
COPD due to hypoxia, accumulation of free radicals, toxic
substances that contribute to the release of biologically ac-
tive substances in the systemic circulation, increase in the
total coagulation potential of the blood is observed [19],
which is compensated by an increase in the activity of
non-enzymatic fibrinolysis. We hypothesized that these
disorders will significantly affect the course of concomi-
tant CP and, presumably, can contribute to some mecha-
nisms of progression of comorbid diseases. That is why the
aim of our study was to determine the interconnections
between computer spirography indicators with hemostasis
and fibrinolytic activity parameters.

The objective: to establish the features of the external
respiratory function and the state of selected hemostasis
factors and fibrinolytic activity in patients with COPD
and concomitant CP.

MATERIALS AND METHODS

144 patients were examined, including 50 patients with
an isolated course of COPD, GOLD 2, group E in the exa-
cerbation phase (group 1), 49 patients with an isolated
course of CP of mixed etiology with moderate severity
exacerbation (group 2), 45 patients with COPD, GOLD 2,
group E with accompanying CP of mixed etiology in exa-
cerbation phase of moderate severity (group 3). The mean
age of the patients was 52.2 £ 4.3 years. The control group
consisted of 30 practically healthy individuals (PHI) of the
appropriate age and gender.

The diagnosis of CP was made according to the unified
clinical protocol approved by the Order of the Ministry of
Health (MoH) of Ukraine No. 638 of September 10, 2014
“On the approval and implementation of medical and tech-
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nological documents on the standardization of medical
treatment for chronic pancreatitis” on the basis of clas-
sic clinical, ultrasonographic, biochemical methods, taking
into account the Order of the MoH of Ukraine No. 1204
dated July 4, 2023 “On approval of the Unified clinical
protocol of primary and specialized medical care “Chronic
pancreatitis”” [20, 21]. The degree of pancreatic exocrine
insufficiency was studied according to the Pancreatic Exo-
crine Insufficiency Questionnaire (2018) [22].

Diagnosis and treatment of COPD was prescribed in
accordance with the national clinical guidelines (Order of
the MoH of Ukraine No. 555 dated 06.27.2013, taking
into account the Evidence-Based Adapted Clinical Guide-
lines for Chronic Obstructive Pulmonary Disease, 2020).
Belonging to groups A, B, E of patients with COPD was
assessed according to the COPD severity assessment scale
according to ABE (GOLD 2023) [23, 24].

The duration of the disease in patients with COPD
without concomitant CP was 9.36 = 0.32 years in average.
In patients in the group with concomitant CP, the ave-
rage duration of COPD was 10.22 + 0.31 years, which was
practically no different from the duration of the disease in
the group of patients without concomitant CP (p > 0.05).
The average duration of CP at the beginning of the study
was 5.46 = 0.28 years. The average smoking history of the
examined patients was 12.4 *+ 4.6 years.

In accordance with clinical recommendations, com-
bined treatment with inhaled B-adrenomimetics, anticho-
linergics and glucocorticoids were used in an individually
selected dose for COPD control achievement. Patients
with CP received analgesics, spasmolytics and pancreatic
enzyme replacement therapy in accordance with clinical
recommendations.

Inclusion criteria for the study: adult female and male
patients, diagnosed with COPD (GOLD 2, 3, group E) in
the exacerbation (group 1), CP of mixed etiology in the exa-
cerbation phase of moderate severity (group 2), comorbid
COPD and CP with the same characteristics (group 3). All
participants were informed about the study plan and signed
an informed consent; the study protocol was approved by
the Biomedical Ethics Commission of the Bukovinian State
Medical University of the MoH of Ukraine (Protocol No. 8).

The exclusion criteria for patients from the study were:
acute phase or exacerbation of other chronic diseases, sub-
and decompensation of vital organs, including acute myo-
cardial infarction and unstable ischemic heart disease, acute
surgical conditions and surgical interventions less than a
month ago, abdominal aortic aneurysm, viral hepatitis in
the active phase and cirrhosis, renal failure, oncological and
hematological diseases, pregnancy, mental disorders.

To study the external respiration function computer
spirography was performed on Microlab 3300 spirometer
(Sensor-Medics, the Netherlands) and bronchodilator re-
versibility testing was performed by use of salbutamol and
ipratropium bromide inhalations.

The total coagulation potential of blood (prothrombin
time (PTT), thrombin time (TT)), plasma total fibrinolytic
activity (TFA), enzymatic fibrinolytic activity (EFA) and
non-enzymatic fibrinolytic activity (NFA) in blood plas-
ma, the Hageman-factor-dependent fibrinolysis (HFDF),
the potential activity of plasminogen (PAP), the level of
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fibrinogen in blood plasma, the activity of AT III, and the
activity of factor XIII (fibrin-stabilizing factor) were car-
ried out using standard methods by sets of reagents from
Danysh LTD (Lviv) [25].

Statistical analysis of the obtained results was per-
formed according to the type of types of data that were
obtained. The normality of the distribution was checked
using the Liliefors, Shapiro—Wilk tests and the method of
direct visual assessment of histograms of the distribution
of eigenvalues. Quantitative measures that had a normal
distribution are presented as mean (M) * standard devia-
tion (SD). Discrete values are presented in the form of ab-
solute and relative frequencies (percentage of observations
to the total number of examinees). Parametric tests with
Student’s t-test or Fisher's F-test were used to compare
data that had a normal distribution. A difference of p < 0.05
was considered statistically significant. To assess the degree
of dependence between variables, Pearson’s correlation
analysis was used in the case of a parametric distribution
and Spearman’s rank correlation coefficient in the case of
a distribution of indicators that probably differed from
normal. Statistical and graphical analysis of the obtained
results was carried out using software packages StatSoft
STATISTICA 10.0.1011 Enterprise edition (StatSoft Inc.,
USA), Microsoft Excel 2007 (Microsoft, USA).

RESULTS AND DISCUSSION

The analysis of our study findings shows that in pa-
tients with COPD in the exacerbation phase without
comorbid pathology, as well as with comorbid CP, the
significant disorders in spirometric indicators are presen-
ted (Fig. 1, 2). The obtained data on respiratory function
correspond to the stage of COPD in group E: a reduction
in forced expiratory volume in the first second (FEV,) to
50-80% of the predicted value. At the same time, a certain
pattern of decreasing FEV was observed. In particular, in
patients with COPD the mean post-bronchodilator FEV,
was 74.2% of the predicted value which was 1.2 times lo-
wer than in PHI (p < 0.05), in patients with both COPD
and CP FEV, was 1.4 times lower than in PHI (p < 0.05)
corresponding to 67.2% of the predicted value. To the con-
trast in patients with isolated CP the FEV, differed from
the PHI only by 1.1% (p < 0.05) (Fig. 1). The results of
the vital capacity (VC) study in patients with a combined
course of COPD and CP indicated a significant decrease
in patients of group 3 — by 1.2 times (p < 0.05), while in
patients of groups 1 and 2 the indicator has only a ten-
dency to decrease (Fig. 2).

The analysis of the 2" phase of coagulation hemosta-
sis showed that PTT was significantly decreased in all
patient groups. The maximum decline in the indices was
observed in patients of group 3 — by 38.8% compared
with PHI (p < 0.05); in patients of group 1 PTT de-
creased by 20.1% compared with PHI (p < 0.05); and in
patients of group 2 there was a decrease of PTT by 26.3%
(p < 0.05) (Fig. 3). Evaluation of the 3" phase of co-
agulation hemostasis demonstrated a significant decrease
of fibrinogen level in the blood of all study patients: in
patients of group 1 — by 12.3%, in group 2 — by 18.6%, in
group 3 — by 29.2% compared with PHI with significant
intergroup differences (p < 0.05) (Fig. 4).
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Fig. 1. FEV, before and after inhalation of salbutamol
Notes: PHI - prachcally healthy individuals; COPD - chronic obstructive
pulmonary disease; GP — chronic pancreatitis; FEV, — forced expiratory
volume in the first second.
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Fig. 3. Prothrombin time
Notes: PHI - practically healthy individuals; COPD - chronic obstructive
pulmonary disease; CP — chronic pancreatitis.
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Fig. 5. Thrombin time
Notes: PHI - practically healthy individuals; COPD - chronic obstructive
pulmonary disease; GP — chronic pancreatitis.

(5]

Analyzing the blood anticoagulant potential we found
areduction in TT in all groups of patients (Fig. 5) with the
highest percentage of decline in the patients of group 3 —
by 36.3% (p < 0.05) compared with PHI, but in the pa-
tients of group 1 TT decreased as well — by 30%, and in
group 2 — by 28% with the reliable difference between
groups 1, 2 and 3.

Activation of systemic proteolysis in general in patients
with CP on the background of COPD was also confirmed
by changes in the activity of one of the factors of the pro-
teinase-inhibitory system — AT III (Fig. 6), which activity
was reduced in group 3 patients — by 29% (compared to
healthy people), which was a most low activity detected in
our study, while in patients of group 2, there was a decrease
in the activity of AT III by 19%, and in group 1 — by 22%.

The study of the fibrinolytic activity of blood showed
that the plasma TFA in patients of all groups was signifi-
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Fig. 2. Vital capacltv
Notes: PHI - practically healthy individuals; COPD - chronic obstructive
pulmonary disease; CP — chronic pancreatitis.
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HI COPD cp COPD and CP

Fig. 4. Flbrmogen level
Notes: PHI - practically healthy individuals; COPD - chronic obstructive

pulmonary disease; CP — chronic pancreatitis.
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Fig. 6. Antithrombin Il
Notes: PHI - practically healthy individuals; COPD - chronic obstructive
pulmonary disease; GP — chronic pancreatitis.

cantly lower than the control indicators: in group 1 — by
12.8%, in group 2 — by 14.3% and in group 3 — 21.7%
(p, , < 0.05) (Fig. 7) with a significant intergroup differe-
nce (p < 0.05). TFA inhibition occurred due to a decrease
in EFA: in patients of group 1 the indicator was signifi-
cantly lower than in controls — by 31.9%, in group 2 —
by 26.3%, while in group 3 the maximum suppression of
EFA was registered — by 44.6% (p, , < 0.05). At the same
time, NFA in patients of all groups was increased — com-
pared to the PHI group by 17, 8 and 20%, respective-
ly (p,, < 0.05), with a significant difference between
groups 2 and 3 (p < 0.05). In patients of group 3, NFA
acquired a compensatory maximum activity (p < 0.05).
In addition, there was a significant decrease in the ac-
tivity of HFDF: in group 1 — by 1.6 times, in group 2 — by
1.7 times, in group 3 — by 1.8 times (p, , < 0.05) in com-
parison with PHI with no significant difference between
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Fig. 7. Fibrinolytic activity

Notes: PHI - practically healthy individuals; COPD - chronic obstructive
pulmonary disease; CP — chronic pancreatitis; NFA — non-enzymatic fibrinolytic
activity; EFA — enzymatic fibrinolytic activity; TFA — total fibrinolytic activity.
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HI COPD

CP  COPDandCP
Fig. 9. Factor XIII activity
Notes: PHI - practically healthy individuals; COPD - chronic obstructive
pulmonary disease; CP — chronic pancreatitis.

%

groups (p > 0.05) (Fig. 8). The activity of factor XIII in
patients of group 1 was decreased by 24.3%, in group 2 —
by 20.1%, in group 3 — by 32.6% (p, , < 0.05) (Fig. 9) that
indicates disturbances in the post-coagulation phase of
blood clotting. In COPD patients with accompanying CP,
a significant decrease in PAP was found: in group 1 pa-
tients — by 21.9%, in group 2 patients — by 32.2%, and in
group 3 — by 42.6%, respectively (p, , < 0.05) (Fig. 10).

XBOPOBM

sl

COPD COPD and CP

Fig. 8. Hageman-factor-dependent flbrlnolv5|s
Notes: PHI - practically healthy individuals; COPD - chronic obstructive
pulmonary disease; GP — chronic pancreatitis.

min
5888

o

30

~alll

0
PHI COPD CP COPDandCP

Fig. 10. Potential activity of plasminogen
Notes: PHI - practically healthy individuals; COPD - chronic obstructive
pulmonary disease; GP — chronic pancreatitis.

Investigation of hemostasis and fibrinolysis in the
45 patients with comorbid COPD and CP (group 3),
stratified by FEV, level into three subgroups — 70—
79% (n = 12), 60-69% (n = 17), and 50-59% (n = 16) —
showed that blood coagulation activity increases with
worsening bronchial obstruction (Table). The analysis
included 24 individuals from the PHI with complete
data availability.

Indicators of the coagulation hemostasis and fibrinolysis system in patients with COPD with concomitant CP
depending on FEV,, M = SD

FEV, =70-79%

Indexes PHI (n = 24)

(n=12)

= 60-69%
(n=17)

FEV, = 50-59%
(n=16)

PTT, s 22.10+£0.54 16.80+0.26* 15.70 £ 0.15*/** 13.90 £ 0.33*/**/***
Fibrinogen level, g/L 3.190+£0.179 2.680+0.019* 2.520 £ 0.031*/** 2.310 £ 0.018*/**/***
T, s 16.90+£0.87 13.20 £ 0.24* 11.90 £ 0.14*/** 10.80 + 0.20*/**/***
AT IIl, g/L 95.500 £ 2.014 76.100 £ 2.203* 71.260 + 3.862* 68.230 + 2.830*
TFA, E440/mL x h 1.680 + 0.022 1.480+0.016* 1.400 + 0.004*/** 1.320 + 0.002*/**/***
NFA, E440/mL x h 0.480+0.018 0.650 + 0.026* 0.720 £ 0.003*/** 0.720 £ 0.004*/**
EFA, E440/mL x h 1.200 £ 0.025 0.860 = 0.004* 0.670 + 0.005*/** 0.600 + 0.003*/**/***
HFDF, min 19.40+0.18 34.10+2.13* 35.60+2.03* 37.50 £2.39*
Factor Xlll activity, % 99.900 + 3.446 80.760 £3.531* 73.160 £ 2.249* 67.390 £2.086*
PAP, min 18.30+£0.26 23.40 £ 0.60* 25.80 £ 0.28*/** 28.00 + 0.22*/**

Notes: COPD — chronic obstructive pulmonary disease; CP — chronic pancreatitis; FEV, — forced expiratory volume in the first second; PHI - practically healthy

individuals;

FEV, = 70-79% (p < 0.05); ***

* —the difference is significant compared to the PHI (p < 0.05); ** -

the difference is significant compared to the COPD patients with
the difference is significant compared to the COPD patients with FEV, = 60-69% (p < 0.05); PTT — prothrombin time;

TT — thrombin time; AT Ill - antithrombin IIl; TFA — total fibrinolytic activity; NFA — non-enzymatic fibrinolytic activity; EFA — enzymatic fibrinolytic activity;
HFDF — Hageman-factor-dependent fibrinolysis; PAP — potential activity of plasminogen.
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Thus, we can make a preliminary conclusion that CP
contributes to the progression of broncho-obstructive syn-
drome. The most pronounced reductions in FEV , relative
to the predicted values were observed in patients with a
comorbid course of COPD and CP.

As the VC indicator in the whole cohort ranged be-
tween 80—-90%, patients with the restrictive type of pul-
monary impairment were excluded, however a statistically
significant reduction in VC observed in comorbid patients
with COPD and CP comparing to mean VC in PHI, can
be explained by the phenomenon of maldigestion due to
CP with bloating, resulted in unilateral diaphragm eleva-
tion and further development of respiratory area restric-
tion in the basal parts of the lungs [12].

Reduction of fibrinogen levels in the blood of patients
with COPD indicates either an impaired synthesis of co-
agulation factor I in the liver (although the functional
state of the liver in the examined patients was within
normal limits), or activation of the hemostatic system in
response to inflammation, which promotes development
of the hypercoagulable state, formation of parietal micro-
thrombi and involvement of a significant amount of fi-
brinogen in this process [16]. A more pronounced decrease
in fibrinogen levels in patients suffering from COPD with
concomitant CP is suggestive for consumption coagulopa-
thy, that is, increased fibrinogen utilization in the process
of intravascular coagulation with simultaneous depletion
of the circulating pool of factor T [13].

The intensity of plasma proteolysis in inflammatory
conditions generally increases in a variety of internal pa-
thologies and is controlled by multiple tissue and plasma
protease inhibitors (o,-macroglobulin, o,-proteinase in-
hibitor, AT III, etc.). An imbalance of these systems can
lead to a predominance of protein catabolism processes
that perform structural (components of cell membranes,
coagulation hemostasis) and transport functions that is
also a powerful destabilizing factor [15].

Analysis of hemostasis and fibrinolysis indicators in
COPD patients with concomitant CP depending on FEV,
reduction (%) showed that with increasing bronchial ob-
struction is associated with increased blood coagulation
activity (Table), with the exception of fibrinogen con-
tent (most likely due to consumption coagulopathy). In
these patients the activity of anticoagulation system factors
decreased, the total and enzymatic activity of fibrinolysis
declined, while the non-enzymatic activity was compensa-
torily increased. In COPD conditions hypoxia, activation
of anaerobic glycolysis, as well as accumulation of under-
oxidized products and systemic acidosis are powerful acti-
vators of the coagulation system, which contribute to the
development of hypercoagulability syndrome in COPD

XBOPOBM

patients. Disturbances in microcirculation processes in the
pancreas due to activation of blood coagulation processes
with insufficiency in anticoagulant factors and fibrinolytic
systems is one of the risk factors for CP exacerbation in pa-
tients with COPD and, probably, for pancreatic fibrosis [7].

Reducing the intensity of collagenolysis in patients
from groups 1 and 2 contributed to the development of
diffuse pulmonary fibrosis as a response to chronic in-
flammation. At the same time, an imbalanced increase in
proteolytic activity due to reduced expression of its in-
hibitors in COPD patients with CP led to progressive
destruction of cell membranes in alveolocytes, acinar epi-
thelium of the pancreas and bronchial mucosa epithelium
with further acceleration of their apoptosis and develop-
ment of desquamation, atrophic changes and metaplasia.
Collectively, these factors act as inducers of inflammation,
and contribute to the formation of both pulmonary and
panctreatic fibrosis [7].

The results of the study of anti-coagulation and fibrino-
lytic system factors indicate the formation of a hyper-coa-
gulation syndrome in COPD patients with accompanying
CP. The consequence of significant hemocoagulation ac-
tivation on background of TFA suppression is local blood
clotting in the small lungs vessels. The main purpose of
HFDF is to “cleanse” the vascular bed from fibrin clots
formed under these conditions [12, 17]. We found a de-
crease in the rate of HFDF that is a likely cause of com-
pensatory activation of NFA. Slowing blood circulation
in the lungs due to the blood clots formation in the mi-
crovessels promotes increased hypoxia and, probably, the
formation of reactive oxygen species and free nitrogen
radicals with subsequent damage to cell membranes and
closure of the “vicious” circle of pathogenesis of COPD
and CP progression.

CONCLUSIONS

Factors worsening the course of CP in patients with
hypoxia due to COPD are a decrease in AT III activity
by 29%; a decrease in enzymatic fibrinolytic activity by
21.7%; a decrease in HFDF activity by 1.8 times from
the normal level. The inhibition of anticoagulant potential
of the blood (AT III activity, factor XIIT), suppression of
total fibrinolytic activity of blood plasma due to inhibition
of enzymatic, HFDF, compensatory increase in the acti-
vity of non-enzymatic fibrinolysis, increased proteolytic
activity of blood plasma indicates the formation of hyper-
coagulable syndrome, which is intensified by respiratory
function disorders, in patients with CP with comorbid
COPD. As a result, in patients with COPD, microcircula-
tion processes in the pancreas are damaged, which is one
of the risk factors for exacerbation of CP.
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