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Summary. The article presents the results of the
study of metabolic endogenous intoxication indexes (MEI)
reflecting intoxication by organic compounds influencing the
change of physiological pH balance and their correlation
with the presence and severity of chronic pain syndrome
and quality of life criteria. The dynamics of these indexes
and improvement of QOL on the background of the
suggested scheme of small volume infusion detoxification
therapy (SWIDT) by hyperosmolar balanced crystalloid
(HSC) containing components with reserve alkalinity in the
section of 30-day period were researched.

The aim of the study — to evaluate the therapeutic
effect of SWIT on the severity of pH abnormalities as well as
the effect of SWIT on the severity of chronic pain syndrome
and related aspects of quality of life in patients with CP in
comorbidity with T2DM.

Materials and Methods. 115 patients divided into
5 groups were examined: Group 1 — 20 patients without
complaints on the gastrointestinal tract, Group 2 — 30
patients with CP, Group 3 — 20 CP patients with concomitant
T2DM received protocol treatment (PT), Group 4 and 5 —
CP patients with concomitant T2DM, including 21 patients
received PT with a course of SWIT for 3 days, and 24
patients — SWIT course for 5 days. The concentration of
lactate and pyruvate in blood plasma was determined, the
lactate/pyruvate ratio was calculated, the concentration of
bicarbonates in blood plasma was determined, pain was
determined by the QLQ-C30 and PAN28 questionnaires,
pain syndrome severity was determined by the visual
analogue scale (VAS). Statistical processing of the obtained
data was performed using Microsoft Excel 2016 and
Statistica 13.0.

Results. A positive therapeutic effect on the dynamics
of the level of mEI markers and COPD disorders in patients
with CP with concomitant T2DM has been proved, which
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BnnuB nopyLueHb KUC/TIOTHO-OCHOBHOTO CMiBBiAHOLLEHHSA
y Naui€HTIB i3 XPOHIUHMM NaHKpeaTUToOM y
KOMOPGigHOCTI 3 LYKPOBUM fiabeToM Ha AKICTb XUTTA Y
BigAaneHiii nepcnekTuBi Ta MOX/TIMBOCTI TX NOKpaLLeHHs
3a 4,0MOMOror KoOpuryBasibHOI nporpamm Masioo6’eMHoOT
iHpy3iliHOT Tepanil

0. C. 3emnsk

TepHoninbCbKul HayioHabHUU MeduyHUl yHiBepcumem
imeHi I. A. Nopbayescbko2o MO3 YkpaiHu

Pe3tome. Y cmammi HaBedeHo pe3y/ibmamu BUBHEHHS
roKasHUKi8 Memabo/1iyHoT eHO02eHHOI iIHmokcukayii (MEI),
wWo Bidobpakaromb IHMOKCUKaYir0 OpaaHidYHUMU CrosiyKa-
MU, SIKi Br/luBardMb Ha 3MiHy (Di3ios02i4Ho20 banaHcy pH
ma ix Kopessiyito 3 HasiBHICMK ma BUPAKEHHSIM XPOHIY-
HO20 60/1b0B020 CUHOPOMY | KpumepiiB sKocmi Xummsi,
MoB’si3aHuUX 3 YuUM MOKa3HUKOM. [OC/1iO)XeHO OUHaMIKy yux
MoKasHUKIB ma nosinweHHs1 skocmi xummsi (SK) Ha mni
3arporoHoBaHol cXemMu Masio06’eMHOI iIHQPY3ilHOI 0emok-
cukayitinoi mepanii (MOIT) einepocmosisipHUM 36as1aHcoBa-
HuUm Kpucmasioidom (I'3K), skuli micmumes KOMIOHEHMU 3
pe3epBsHOK 1yXXKHICMI0 8 po3pi3i 30-0eHHO20 nepiody.

MeTta pocnimpkeHHA — oyiHumu mepanesmuy4Huli
sraus MOIT Ha cmyniHb BUPaXXEHHST MopyweHb pH, a ma-
kox snaus MOIT Ha BUP&XeHHs1 XPOHIYHO20 60/1b0B020
CUHOpPOMY ma acriekmis sikocmi xummsi y nayieHmis i3 XI1
Y KoMop6ioHocmi 3 LI/ 2 muny, nos’s3aHux i3 HUM.

Martepianu i metogn. O6cmexeHo 115 nayieHmis, sIKUX
cohopmysasu y 5 epyn: nepwa — 20 nayieHmis 6e3 ckape 3 60Ky
WI/TYHKOBO-KULWIKOBO20 mpakmy (LLIKT), dpyaa — 30 x8opux Ha
XPOHiYHUU naHkpeamum (XI1), mpems epyna — 20 XBOpuX Ha
X[ i3 cynymnim L4 2 muny, siki ompumysanu 3T, 4yemsepma
ma i m’ssma epynu — xsopi Ha XI1 i3 cynymHiv L4 2 muny, 3 HUx
21 xsoputi ompumysas 3T i3 BK/IH04eHHSIM Kypcy MOIT npomsi-
20M 3 OHiB, a 24 xBopux — Kypc MOIT mpusasicmio 5 0i6. Bu-
3HaYa/Iu KOHUeHmpauito 1akmamy i ripysamy 8 r/1a3mi Kposi,
o64uC/Ir0Ba/IU CMIBBIOHOWEHHST /lakmam/nipysam, Bu3Haqasiu
KOHUYeHmpayito bikapboHamis y niasmi Kposi, BusHadasu 6ilb
3a onumysasibHUkamu QLQ-C30 ma PAN28, BupaxeHHs1 60-
J1b0B020 CUHOPOMY 3a Bi3yaslbHO-aHa/1020801t0 WKa/iok (BALLI).
CmamucmuyHy 06p0o6Ky ompuMaHux 0aHux rposoousiu 3a 00-
romozoro Microsoft Excel 2016 ma Statistica 13.0.

Pe3ynbratu. [JosedeHo no3umusHuUll mepanesmuyHuli
Br1/1UB Ha OUHaMmiKy pisHsi Mapkepis MEI ma nopyweHs KOC
y xgopux Ha XI1 i3 cynymnim LI 2, wo c8idqums rpo no3u-
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indicates the positive effect of the SWIT scheme in the
program of complex treatment. A clear dependence of the
rate of normalization of these parameters on the duration of
the SWIT course was revealed.

Conclusions. 1 Statistically significant increase of
objective markers of COS impairment due to MEI (lactate,
lactate/pyruvate ratio) in CP patients with concomitant T2DM
in comparison with the same in isolated CP was revealed
(p<0.05). Strong correlations between markers of mEl and
pH disturbance towards metabolic acidosis mediated by
lactate/pyruvate ratio and bicarbonate content were found.
A higher level of efficiency of SWIT-5 application in complex
therapy in comparison with MOIT-3 program has been
established. It is proved that normalization of the specified
indexes directly correlates with duration of the MOIT course.

Key words: chronic pancreatitis; type 2 diabetes mellitus;
endogenous metabolic intoxication; small volume infusion
detoxification therapy; disorders of acid-base balance;
lactate; pyruvate; bicarbonate deficiency; metabolic
acidosis; pain; quality of life.

INTRODUCTION

The causes of persistent metabolic acidosis in CP
are: chronic inflammation of pancreatic tissue with the
development of edema and impaired microcirculation
and perfusion and, as a consequence, hypoxia [1];
oxidative stress of CP tissue with the predominance
of acidic metabolites production; intestinal microflora
activity with dysbacteriosis, reduced capacity of blood
buffer systems [2].

An important pathogenetic factor of pH abnor-
mality in patients with CP is concomitant diabetes
mellitus [3]. Patients with both types of diabetes have
high level of lactate in plasma on an empty stomach
[4]. Diabetic patients with obesity have higher lactate
levels compared with obese individuals without dia-
betes. The mechanisms underlying diabetes-associ-
ated hyperlactatemia include significant changes in
intracellular glucose metabolism in insulin-sensitive
tissues (decreased glycogen synthesis, impaired
glucose oxidation metabolism and increased nonoxi-
dative glycolysis rate) [5]. Thus, patients with insulin
resistance/diabetes have increased glycolysis activity,
which leads to the formation of NAD, pyruvate, and
a decrease in NAD+ levels. There is a conversion
of pyruvate to lactate by LDH by generating NAD+
from NAD in a redox reaction exacerbated by insulin
resistance, as hyperinsulinemia causes increased
glycolysis [6].
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musHul echekm cxemu Bk/to4eHHs1 MOIT y npoapamy Komri-
JIEKCHOR20 /liKyBaHHS. Busis/ieHo 4imky 3a/1eHiCmb WBUOKO-
cmi Hopmastizayii 3asHa4eHUX MoKas3HUKI8 8i0 mpusasocmi
Kypcy MOIT. Y pe3ysibmami 3adisiHoi mepariii piseHb siakma-
my 8 n/1a3mMi Kposi 3MEHWUBCS 8 2pyrii MPOMOKO/1IbHO20 JliKy-
BaHHsA Ha 9,52 %, 8 epyni MOIT 3 (Mpomoko/ibHe /liKyBaHHS
+KypC Masi006'eMHOI iHby3iliHoI mepanii Ne 3) — Ha 19,21 %,
i 8 epyni MOIT 5 — Ha 33,14 %, cnissiOHOWeHHSs1 1akmam/
nipysam Hopmasii3ysasiocsi 8 epyrnax ropisHsHHSI Ha 1,63;
15,89 ma 21,51 % 8ionosioHo. PiseHb 60/1b0BUX BIOYYMMIB
Y 2pyrii NPpOMOKO/IbHO20 JliKyBaHHS1 3HU3UBCS Ha 13,73 %, 8
epyni MOIT 3 — Ha 25,48 %, ma 8 epyni MOIT 5 — Ha 45,38 %.

BucHoBKW. Busis/ieHO crmamucmuy4HO 0oCmosipHe rio-
BUWEHHS1 06’'ekmuBHUX Mapkepis MEI (MCM) y xsopux Ha
X[ i3 cynymHim L] 2 NopisHSIHO 3 makuM Mpu i30/108aHO-
my X[ (p<0,05). BcmaHos/1eHO CU/IbHI KOPensyiliHi 38’3KU
Mixx MCM ma nopyweHHsM pH 8 cmopoHy Memabo/iivHo20
ayuoosy, Wo ornocepedkosaHo BIO0ObpPaatombCsi Crissio-
HOWEHHSIM 7s1akmam/nipysam ma 3HUXeHUM BMICmoM  6i-
kapboHamis. BcmaHos/ieHo suwjuli piseHb ethekmusHocmi
3acmocyBaHHs1 y KomriaekcHil meparii MOIT-5 nopisHsHO 3
npozpamoro MOIT-3. JosedeHo, Wo Hopmasizayisi 3a3Hade-
HUX MOKa3HUKI8 NpsiMO Kopesiroe 3 mpusasiicmio kypcy MOIT.

KnouoBi cnoBa: XpOHiuHWIA NaHKpeaTuT; LyKPOBUiA fiabeT
2 TUNy; eHAoreHHa MetabosivyHa iHTOKCUKaLsi; NopyLUeH-
HS1 KMC/TOTHO-OCHOBHOTO CMiBBIAHOLIEHHS; NakTar; nipysar;
pediunT bikapboHaris; meTabonivyHunii aunaos; 6isb; SKicTb
KUTTS.

The main buffer system of the body is the bicar-
bonate-haemoglobin buffer (CO2-/HCO3-), which
occupies more than 70 % of the total buffer capacity
of the body [7]. For metabolic regulation of pH [8], the
pancreas attracts circulating systemic bicarbonate
reserves in blood. In the development of metabolic
acidosis there is redistribution of bicarbonate buffer,
which is reflected in the decrease of bicarbonate levels
in blood [9].

Subclinical disorders of acid-base balance, ac-
cording to the latest scientific data, have the following
consequences for the patient [10]: directly affect the
development of chronic pain syndrome, which is difficult
to stop [11], worsen the effectiveness of the therapy
involved, lead to chronicity of pathological processes
[12], affect quality of life in the long-term period, pro-
voke more frequent development of CP complications
in comorbidity with T2DM [13].

The aim of the study — to evaluate the therapeutic
effect of SWIT on the severity of chronic pain syndrome
and related aspects of life quality patients with CP in
comorbidity with T2DM.

MATERIALS AND METHODS

115 patients with CP in comorbidity with DM-2, who
were admitted for treatment to the day hospital of Ter-
nopil City Municipal Hospital No. 2 during 2017-2019,
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were examined. The control group (group 1) consisted
of 20 practically healthy individuals without any com-
plaints from the gastrointestinal tract, comparable in
age, sex and social status. CP patients were divided
into 5 groups: Group 1 — 30 patients with CP without
DM-2; Group 2 — 20 CP patients with concomitant
T2DM who received conventional therapy (CT) accord-
ing to the current recommendations of the Ministry of
Health of Ukraine [14], Group 3 — 21 CP patients with
concomitant T2DM, Group 4 — 21 CP patients with
concomitant T2DM received CT with a course of small
volume infusion therapy (SWIT) with hyperosmolar
balanced crystalloid #3 for 3 days; Group 5 — 24 CP
patients with concomitant T2DM received ST with a
course of SWIT #5 for 5 days [15]. The mean age
of CP patients was (46.31+1.71) years, and that of
CP patients with DM-2 was (52.86+0.83) years. The
mean duration of disease in group 2 — (7.03+£0.64)
years, in group 3 — (10.96+0.39) years, in group 4 —
(10.23%+0.27), and in group 5 — (9.96+0.47) years. The
concentration of lactate and pyruvate in blood plasma
serum was determined. Lactate/pyruvate ratio was de-
termined. Plasma bicarbonate levels were determined.
Parameters related to quality of life and pain syndrome
severity were assessed using Questionnaire-Core 30
(QLQ-C30), PAN28 and VAS. These parameters were
re-evaluated within 30 days after admission. Statisti-
cal processing of the obtained data was performed
using Microsoft Excel from Microsoft Office 365 and
Statistica 13.0.

RESULTS AND DISCUSSION

Defined statistically significant expression of pain
syndrome, lactate and bicarbonate concentrations in
blood plasma and lactate/pyruvate ratio.

We assessed the degree of severity of individual
parameters of acid-base ratio in dynamics (at admis-
sion and one month after treatment), as well as the

OpurinanbHi JOCTiIKeHHA

Original research

severity of CPS and related aspects of QOL of patients
with CP comorbid with T2DM (Table 1).

After treatment, the main studied parameters
in the groups changed as follows: lactate
level decreased in the protocol treatment group by 9.52 %,
in SWIT 3 group (CP+T2DM Protocol treatment+ SWIT
3) by 19.21 %, in SWIT 5 group (CP+T2DM Protocol
treatment+ SWIT 5) by 33.14 %, the lactate/pyruvate
ratio normalized in the groups by 1.63 %, 15.89 % and
21.51 % appropriately. Pain level on VAS decreased
in the protocol treatment group by 13.73 %, in the
SWIT 3 group by 25.48 % and in the SWIT 5 group by
45.38 %. (Diagram 1).

On the RA Pain scale, the scores of the treatment
protocol group normalized by 31.92 %, the SWIT3
group by 38.9 %, and the SWIT5 group by 40.74 %
(Diagram 2).

On the basis of the correlation-regression analysis
between the parameters of lactate, pyruvate and
bicarbonate deficiency and severity of chronic pain
syndrome we found a significant level of close
correlation relations, indicating that the levels of lactate,
pyruvate and plasma bicarbonates are absolutely
informative reliable in the long-term period (Table 2).

On the background of small-volume infusion
therapy we observe statistically significant decrease
in markers of endogenous intoxication [9], and as a
consequence — more rapid normalization of the main
indices, indicating a direct impact of the duration of
small-volume infusion therapy on the normalization
of disorders.

This indicates the effectiveness of the proposed
scheme of therapy, allowing more effectively
and in a shorter time to stop the undesirable phenomena
of endogenous intoxication, and as evidenced by the
data obtained by correlation analysis, affect the course
of the pathological process itself, reducing its severity
and duration of manifestation.

Table 1. Levels of key mediated markers of acid-base imbalance and quality of life related to pain syndrome at admission

and by 30-day period from the start of hospitalization

The ratio of Bicarbonate .
Parameter Lactate Pyruvate L/p of blood VAS RA Pain
plasma

Control group 0.84+0.02 0.08+£0.02 10.50+0.72 | 21.30+0.91 0.90£0.08 12.30+0.15
CP on admission| 2.10+0.07 0.18+0.03 11.67+0.94 | 17.10+1.52 | 3.18+0.64 | 31.52+5.08

1 month 1.90+0.84 0.17+0.02 11.18+0.86 | 19.20+1.57 | 2.73+0.74 | 21.87+3.21
CP+T2DM on admission| 3.14+0.77 0.26+0.02 | 12.08+1.06 | 15.30+1.02 | 3.70+0.55 | 38.41+3.16
Protocol treat- 1 month 2.97+1.01 0.25+0.08 11.88+1.15 | 17.40+1.83 | 2.51+0.58 | 26.15+4.05
ment
CP+T2DM on admission| 3.28+0.84 | 0.26+0.045 | 12.62+1.79 | 16.10+1.06 3.75% 37.94+2.94
(Protocol treat- |1 month 2.65+0.53 0.25+0.07 | 10.60+1.05 | 19.60+2.94 | 2.12+0.82 | 23.18+3.04
ment+ SWIT 3)
CP+T2DM on admission| 3.41+0.34 0.27+0.50 | 12.63+2.08 | 15.70+4.71 | 3.68+0.94 | 38.02+5.19
(Protocol treat- |1 month 2.28+0.64 0.23+0.52 9.91+0.11 19.70+2.86 | 2.01+0.88 | 22.53+3.78
ment+ SWIT 5)
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Diagram 1. Dynamics of pain syndrome on the VAS scale, p<0.05.
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Table 2. The level of closeness of correlation relations of pain syndrome severity and lactate concentration, lactate/pyruvate
ratio and blood plasma bicarbonate content

Betting on a corelative ring Concentration of lactate lactate/pyruvate ratio bicarbonate level
Pain (VAS) 0.705 0.513 -0.570
p<0.001 p<0.001 p<0.001
RA Pain 0.651 0.480 -0.594
p<0.001 p<0.001 p<0.001

CONCLUSIONS

1. Statistically significant increase of objective
markers of ABR impairment due to mEl (lactate, lac-
tate/pyruvate ratio) in CP patients with concomitant
T2DM in comparison with the same in isolated CP was
revealed (p<0.05).

2. Strong correlations between markers of mEl and
pH disturbance towards metabolic acidosis mediated
by lactate/pyruvate ratio and bicarbonate content were
found.

3. It was found that under the influence of SWIT,
the dynamics of normalization of the studied indices
demonstrated better normalization trends compared
to the protocol therapy group. Lactate level decreased
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in the protocol treatment group by 9.52 %, in SWIT
3 group (CP+T2DM Protocol treatment+SWIT 3) by
19.21 %, in SWIT 3 group (CP+T2DM Protocol treat-
ment+SWIT 5) by 33.14 %, the lactate/pyruvate ratio
normalized in the groups by 1.63 %, 15.89 % and 21.51
% appropriately. Pain level decreased in the protocol
treatment group by 13.73 %, in the SWIT 3 group by
25.48 %, in the SWIT 5 group by 45.38 %

4. Ahigher level of efficiency of SWIT-5 application
in complex therapy in comparison with SWIT-3 program
has been found.

5. It is proved that normalization of the specified
indexes directly correlates with duration of the SWIT
course.
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