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Abstract

The formation of pancreatic cysts is a serious complication of acute pancreatitis, chronic pancreatitis and pancreatic injuries. Joulemetry is an inte-
gral method for evaluating the electrochemical properties of biological objects. To date, this method has not been used in the study of the electro-
chemical properties of the contents of pancreatic cysts. The purpose of this study was to evaluate the effectiveness of electrochemical analysis in
the detection of infection in the contents of necrotic pancreatic cysts. An electrochemical study of contents of necrotic pancreatic cysts carried out
on 106 patients. Group 1 included 84 patients without signs of infection of pancreatic cysts; group 2 included 22 patients with signs of infection
of pancreatic cysts. The electrochemical study was conducted as follows: 10 ml of the contents of a pancreatic cyst was injected into a liquid flow
sensor of a joule meter, where it was exposed to a electrical current for a short period of time. The resulting data was analyzed using a diagnostic
research complex. During the study of the electrochemical properties of the contents of postnecrotic pancreatic cysts by using joulemetry, it was
revealed that the current work in patients of group 1 ranged from 0.92 to 18.31 mkJ (on average 5.86+5.02 mkJ), in patients of group 2 - from 19.01
to 26.3 mkJ (on average 22.32+1.92 mkJ). When evaluating the quality of the joulemetric study in determining the early signs of inflammation of
the contents of postnecrotic pancreatic cysts, it was proved that the threshold differential diagnostic value of 19.1 mkJ provides 81.8% sensitivity
of the proposed method and 80.7% specificity (AUC = 91.3) with a statistically significant difference in current work (p < 0.001).
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OLEHKA KAYECTBA 32JIEKTPOXMMUHECKOIO
UCCNEOOBAHUSA B OMATHOCTMUKE MHPUNLUMNPOBAHMS
KUCT NOAXEJTYAOYHOWU XEJIE3bI

A.B. Tepacumos, B.U. Hukonbckum, A.H. Mutpowmn, K.U. Cepraukmit
DIBOY BO «[eH3eHckuit rocynapcTBeHHbIN YHUBEPCUTETY, MeanUmMHCKMM UHCTUTYT,
r. [ensa, Poccus

Pe3siome

Ob6pa3zoBaHVe KACT NOMKeNY[OYHON »Kene3bl ABMAETCA CEPbE3HbIM OC/IOXKHEHVEM OCTPOrO M XPOHUUYECKOrO MaHKPeaTuTa, a TakkKe TpaBm
NoAKeNny[oUYHON xene3bl. [)KoynbMeTpus — MHTErpasnbHbli METOA OLIEHKU 3IEKTPOXMMUNYECKIX CBONCTB 61onornyeckrx o6bektos. Ha cerog-
HALWHUA JeHb 3TOT METO[ elle He MCMONb30BaNu B U3YYeHUM NEKTPOXUMMUYECKNX CBOVCTB COAEPKUMOrO KNCT MOAXKENY[AOUYHON Kenesbl.
Llenblo nccnepgoBaHna ABUNAch OLEHKa KauecTBa MIEKTPOXVIMUYECKOTO NCC/eoBaHA B UArHOCTKE MHGULMPOBaHNA COLEPXKIMOTO NOCT-
HEKPOTUYECKMX KNCT MOAXKENYAOUYHON Xenesbl. INEKTPOXMMNYECKOe ncciefoBaHne BbinonHUAN 106 naumeHTam ¢ MOCTHEKPOTUYECKMMMN
KUCTaMU MOMAXKeNyA0UHOW xene3bl. B 1-t1o rpynny Bowny 84 naymeHta 6e3 npusHakoB MHGULMPOBaAHWA KUCT MOAMXENYAOUHOW Xene3bl, BO
2-10 rpynny — 22 nayueHTa ¢ Npu3Hakamm MHGULMPOBaHWA KACT MOLKENYA0YHON Xene3bl. DNeKTPOXMMMYECKoe UCCIeA0BaHME BbINOMHANN
cnepyLyM 06pa3om: COAEPKIUMOE KUCTbI MOAKENYA0UHON Xene3bl 3abupani B Konnyectse 10 M 1 BBOAWIIN BHYTPb KUAKOCTHONO NPOTOY-
HOrO AaTumKa AXKoysibMeTpuyeckoro nprubopa, rae 3a KOPOTKMIN MPOMEXKYTOK BPEMEHM Ha Hero AeiCTBOBas TOK. [locpeACTBOM AMarHoCTu-
YeCcKoro 1nccnefoBaTenbCkoro KOMMaeKca oLeHnBany noslyyeHHble pesynbTaTbl. B xofe nccnefoBaHna sNeKTPOXMMNYECKNX CBONCTB cofep-
>KMMOFO MOCTHEKPOTUYECKUX KUCT NOAXKeNyJOUYHON »Kesie3bl C MOMOLLbIO AXOYNIbMeTPUM Oblf0 BbIABIEHO, YTO MoKa3aTesnb paboTbl TOKa y
60bHbIX 1-11 rpynnbl Konebanca B npegenax ot 0,92 ao 18,31 Mk (B cpefHem 5,8615,02 MKLX), y maumeHToB 2-1 rpynnbl — ot 19,01 po 26,3
MKIX (B cpepHem 22,32+1,92 mk[X). [Mpun oLieHKe KauyecTBa AXOYNIbMETPUYECKOTO NCCNIeA0BaHNA B ONPeAeneHn PaHHNX MPU3HaKoB BOC-
naneHunsa CoOAePXMMOro MOCTHEKPOTUYECKIMX KACT NMOAXENYAOUHO Xene3bl JoKa3aHo, YTo NoporoBoe AnddepeHumanbHO-AMarHocTnyeckoe
3HaueHue paBHoe 19,1 Mk[>k obecrneyrBaeT YUyBCTBUTENbHOCTb NpeasiokeHHoro metoaa B 81,8% v cneyunduyHocTb B 80,7% (AUC = 91,3) npu
CTaTUCTUYECKM 3HAUMMOW pa3HULLe MoKa3aTenel paboTbl Toka (p < 0,001).

KnioueBble cnoBa. [locTHeKpoTMYecKmne KUCTbl NOAXKeNY[OUHON Xene3bl, TaHKPeaTuT, [)KOYNIbMeTPUA, MHOULIMPOBaHWE, SIEKTPOXMUYe-
CK/e CBOWCTBA.
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Introduction

Formation of pancreatic cysts is a serious complication
of acute and chronic pancreatitis, as well as pancreatic
injuries [1, 2, 3, 4]. Formation of cysts in acute pancreatitis is
observed in almost 20% of cases, and this indicator increases
4 times in destructive forms. In chronic pancreatitis, the
incidence of pancreatic cysts is between 20% and 40% and
in pancreatic injuries, cysts occur in 20-30% of cases [4, 5].
It is worth noting that during the formation of a cyst, quite
serious complications can be observed, occurring in almost
40% of cases: bleeding into the cyst cavity, suppuration,
perforation, compression of adjacent organs with the
corresponding clinical picture.

A tactical approach to the treatment of patients in this
category includes identifying early signs of infection of
the contents of the pancreatic cyst and the presence of a
connection between the cyst and the duct system of the
pancreas [4, 5, 6]. However, the currently existing methods
for diagnosing infection of postnecrotic pancreatic cysts
have a number of disadvantages: a long period of time
before obtaining the result (up to 3-5 days for bacteriological
examination), low information content, limitations in use
due to contraindications, etc.

It has been proven that under the influence of various
factors of the external and internal environment of the body,
such as changes in temperature, volume, concentration
of electrolytes, the appearance of signs of suppuration
or blood elements, etc, the electrical properties of any
biological objects change [7]. At the same time, when
using microcurrents of 10-100 pA, there are no changes in
the physico-chemical processes of the object under study.
Joulemetry is an integral method based on the assessment
of the values of the current work expended by an external
source of electrical energy at the time when the state of the
object under study changes.

The advantages of joulemetry include: simplicity of
implementation of the method, low time costs, wide
application (for all types of biological tissues), high
sensitivity of the method, which allows to increase the
number of necessary informative features.

It should be noted that it is the timely and accurate
diagnosis of early signs of inflammation of of the contents of
postnecrotic pancreatic cysts that allows to correctly select
the necessary method of surgical treatment and determine
the tactical approach as a whole [5, 6].

The aim of the study was to assess the quality of
electrochemical study in the diagnosis of infection of the
contents of postnecrotic pancreatic cysts.

Materials and methods

To determine early signs of inflammation of the contents
of postnecrotic pancreatic cysts, a method of express
diagnostics based on a joulemetric study was developed
and introduced into clinical practice (Patent of the Russian
Federation for Invention No. 2684424 dated 04/09/2019).

The study was conducted at the Medical Institute of
the Federal State Budgetary Educational Institution of
Higher Education “Penza State University” and the surgical
departments of the State Budgetary Healthcare Institution
“Penza Regional Clinical Hospital named after N.N.
Burdenko'.

For the period from 2016 to 2023 inclusive, 106 patients
with postnecrotic pancreatic cysts were treated in the
surgical departments of the State Budgetary Healthcare
Institution “Penza Regional Clinical Hospital named after
N.N. Burdenko"

Depending on the presence of signs of inflammation,
the patients were divided into two groups. Group 1
included 84 (79.2%) patients with pancreatic cysts without
signs of inflammation, and Group 2 included 22 (20.8%)
patients with pancreatic cysts and signs of inflammation.
This division was based on clinical and laboratory data and
instrumental research data (ultrasound, CT, MRI).

Scientists from Penza State University have developed
a joulemetry method and a device for diagnosing the state
of biological objects (Patent of the Russian Federation No.
2033606 dated 20/04/95), and received permission from the
Ministry of Health of the Russian Federation (minutes of the
meeting of the commission on new medical equipment No.
10dated 18/11/93) for use in clinical practice (Gerashchenko
S.l, Nikolsky V.I, Volchikhin V.I, 1993). The Divo joulemeter
and IPC 2000 software were developed by the staff of the
Medical Devices and Equipment Department of the Penza
State University.

Electrochemical (another name is joulemetric) study
of the contents of postnecrotic pancreatic cysts was
performed as follows: 10 ml of the contents of the patient’s
pancreatic cyst, obtained by puncture or external drainage
under ultrasound control, were taken; these contents were
then introduced into the liquid flow sensor of the Divo
joulemetric device (Penza); a current of 0.1 mA was passed
through the liquid flow sensor of the joulemetric device for
less than 8 s. The results were evaluated using a diagnostic
research complex (Fig. 1), which included a joulemetric
device, a liquid flow sensor, and a computer program for
information analysis (IPC 2000).

The IPC 2000 program was used to evaluate the
obtained dependencies, which were curves with certain
values of potential change over time. Based on the
obtained dependencies, the work for each current value
was calculated, and graphs were constructed that allowed
to analyze the activity of the inflammatory process of
pancreatic cysts.

Statistical analysis was performed on an IBM-PC
compatible computer using the licensed program BioStat
2010 5.8.3.0 and IBM SPSS Statistics for Windows, Version
25.0. ROC analysis (receiver operating characteristic)
was performed to assess the quality of the model of the
proposed method for express diagnostics of pancreatic cyst
infection based on joulemetry.
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Puc. 1. [JuarHocTM4ECKUIn uccnegoBaTesibCKUA Komnneke: 1 —
WNpUL, AN HarHETaHUSI COAEePXUMOI0 KUCTbl; 2 — UAKOCTHOM
NPOTOYHbIA AATYMK; 3 — [AKOYNbMETPUYECKUA NpuGop; 4 —KOM-
nblOTEp € ycTaHOBNEeHHOW nporpammoit IPC 2000.

Fig. 1. Diagnostic research complex: 1 — a syringe for pumping
cyst contents; 2 - a liquid flow sensor; 3 — a joule meter; 4 —
a computer with the IPC 2000 program installed.

Results and Discussion

To form two groups of patients with a preliminary
assessment of infection or absence of infection of pancreatic
cysts, criteria were defined based on clinical, laboratory and
instrumental data.

The following criteria of clinical, laboratory and
instrumental research methods were considered as signs of
inflammation of postnecrotic pancreatic cysts:

- increased body temperature;

- the presence of peritoneal symptoms;

« leukocytosis with a shift in the leukocyte formula to

the left;

« according to ultrasound: heterogeneous cyst contents

(finely dispersed hyperechoic suspension with the

Ta6nuupa 1

presence of partitions), uneven thickening of the cyst
wall, signs of infiltration of the parapancreatic tissue;

«according to SCT: heterogeneous structure with
hypodense inclusions (density of contents from
+20 to +30 HU units), edema and stringiness of the
parapancreatic tissue;

« according to MRI: a formation with an increased MR
signal on T,-weighted images and an increased MR
signal on T -weighted images, the parapancreatic
tissue is heterogeneous with signs of edema.

Postnecrotic pancreatic cysts without signs of
inflammation had the following clinical, laboratory and
instrumental features:

« no constant hyperthermia was observed;

+ no peritoneal symptoms;

« no signs of inflammation in the clinical blood test;

« according to ultrasound: homogeneous anechoic
contents of the cyst cavity or heterogeneous contents
with a parietal component, smooth clear contour of the
formation, no signs of infiltration of the parapancreatic
tissue;

« according to SCT: homogeneous structure of the cyst
(density of the contents from +5 to +18 HU), no signs
of infiltration of the parapancreatic tissue;

- according to MRI: a formation with an increased MR
signal on T -weighted images and a decreased MR
signal on T -weighted images, without edema of the
parapancreatic tissue.

During the study of the electrochemical properties of the
contents of postnecrotic pancreatic cysts using joulemetry,
it was revealed that the current work index (Table 1) in
patients of the 1st Group was in the range from 0.92 to 18.31
W (on average 5.86+5.02 W), in patients of the 2nd Group -
from 19.01 to 26.3 W (on average 22.32+1.92 ).

Pa6oTta ToKa y 60J1bHbIX C NPM3HaKaMu BOCMNanaeHUs KUCT ﬂOA)KeleAO"IHOVI }enesbl U 6e3 NPU3HaKoB BocnaneHus

KUCT NOAXKENYyA04YHOM Kenesbl
Table 1

Electric current work in patients with signs of inflammation of pancreatic cysts and without signs of inflammation

of pancreatic cysts

KonuuectBo nayneHTos,

I/IccnenyeMble rpynnbi nayneHToB

CpepHee

Pa6oTa ToKa, MKIX 3HaYCHNE

n=106

1 rpynna - 6onbHble 6e3 Npr3HaKkoB BOCNaneHus
KUCT MO KenyAo4HON Xene3bl

1 group - patients without signs of inflammation of
pancreatic cysts

84

2 rpynna — 6osibHble C NpU3HaKamu BocnaneHus
KUCT MO KenyAo4HON Xenesbl

2 group - patients with signs of inflammation of
pancreatic cysts

22

WToro

Total 106

[ocTtoBepHOCTb
Reliability

79,2 o1 0,92 o 18,31 5,86%5,02
20,8 o1 19,01 go 26,3 22,32+1,92
100 = =

- - < 0,001
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Consequently, statistically significant data on infection
of postnecrotic pancreatic cysts were obtained (p < 0.001):
in patients of the 1st group without signs of inflammation
of the contents of the pancreatic cysts, a low current work
rate was diagnosed (on average 5.86+5.02 W), whereas in
patients of the 2nd group with signs of inflammation of the
contents of the pancreatic cysts, a high current work rate
was detected (on average 22.32+1.92 ).

Fig. 2 and 3 present the measured electrochemical
parameters in graphical form, which indicated the presence
or absence of signs of inflammation of the contents of
postnecrotic pancreatic cysts.

Fig. 2 shows that the saturation point is reached at a
time of 3.8 s, the potential value at this point is 4200 mV,
whereas in Fig. 3 the saturation point is reached at a time
of 0.9 s, the potential value at this point is 2850 mV. Thus,
for the electrochemical reaction in patients with infected
pancreatic cysts, a higher voltage, amount of time and, as a
result, more current work is required to reach the saturation
point than in patients with pancreatic cysts without signs of
inflammation, which is confirmed by the above data.

All the obtained results of the electrochemical study
of the contents of pancreatic cysts were confirmed by

e e ] e T A T

Puc. 2. XapakTepHas KpuBas AN KUCTbl C NPU3HaKamu Bocnasne-
HUSI; CTPEJIKOW YKa3aHa TO4Ka HacbIWeHus.

Fig. 2. Atypical curve for a cyst with signs of inflammation, with the
arrow indicating the saturation point.
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Puc. 3. XapakTtepHas KpuBas Al KUCTbl 6e3 npu3Hakamu BoC-
naseHus; CTpesiKoW yKasaHa TOYKa HacbILWEeHus.

Fig. 3. A typical curve for a cyst without signs of inflammation,
with the arrow indicating the saturation point.
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bacteriological examination: in 22 patients with signs of
inflammation of pancreatic cysts and a high current work
rate (on average 22.32+1.92 pJ), growth of microorganisms
was observed, in 84 patients without signs of inflammation
of pancreatic cysts and a low current work rate (on average
5.86+5.02 pJ), there was no growth of microflora.

The quality of the model of the proposed method for
express diagnostics of infection of postnecrotic pancreatic
cysts using joulemetry was analyzed. For this purpose, ROC
curves were evaluated (Fig. 4).

The presented graph clearly demonstrates that the
numerical indicator of the area under the curve (AUC=91.3)
tends to 1.0, which characterizes the excellent quality of the
model of the proposed method based on joulemetry.

Fig. 5 shows a graph of the dependence of signs of
infection of postnecrotic cysts of the pancreas on the
indicators of the current work obtained by joulemetry.

ROC-kpusas AUC=91,3
ROC-curve AUC=91,3

Sensitivity
in

HYBCTBHMTENLHOC TS
=

1) 0.2 04 0e (U8 1
CneunpuyHoCcTE
Specificity

Puc. 4. ROC-KpuBas uccnepgoBaHusi pa6oTbl TOKa y GONbHbIX C
MNOCTHEKPOTUYECKUMU KUCTAMMU MNOMAMKENYAOYHOM Kenesbl Nnpu
onpeaeneHnn nx MHOGULMPoOBaHUS Ha OCHOBE AXKoynbmeTpuu. Ha
rpaduke KpacHbiM LBeTOM nokasaHa ROC-kpuBasi, 4YepHbiM —
NONOXUTENbHAas guaroHanb.

Fig. 4. The ROC curve of the study of the electrical current in
patients with postnecrotic pancreatic cysts in determining their
infection based on joulemetry. The graph shows the ROC-curve in
red, and the positive diagonal in black.

Cut-off=19,1

o

[iF:3

MYBCTEWTENEHOCTE
—  Sensitivity

o
o

LS AGAHOC TS
Specificity

o
-

HT'MTBMTERE HOCTh /T e I‘pwﬂnéi'l'h
Sensitivity/Specificity
=
in

01

(1] 5 10 15 20 5 0
[SEHIEES
k|

Puc. 5. 3HauyeHue Touku otceveHus (cut-off) Hanuuma/orcytcTBUs
NPU3HaKOB MHOULMPOBAHUS COAEPKMMOro MOCTHEKPOTUYECKOMN
Kuctbl MK npu gyxoynbmeTpuu.

Fig. 5. The value of the cut-off point for the presence/absence of
signs of infection of the contents of a postnecrotic pancreatic cyst
during joulemetry.
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During the study, the cut-off point value for the
presence/absence of signs of infection of the contents of a
postnecrotic pancreatic cyst was determined: 19.1 pJ (if the
current work value is > 19.1 W, then the cyst has signs of
infection; if the current work value is < 19.1 pJ, then the cyst
is not infected).

Table 2 shows a fragment of the ROC-curve coordinate
table for the study of current work in patients with
postnecrotic pancreatic cysts when determining infection
of their contents using the joulemetric method.

Based on the table of coordinates of the ROC curve of
the study of the current work in patients with postnecrotic
cysts of the pancreas when determining their infection
based on joulemetry, the threshold differential diagnostic
value was taken to be the current work index equal to
19.1 . This value ensures the sensitivity of the proposed
method of express diagnostics of exudate infection in local
pancreatogenic peritonitis based on joulemetry equal to
81.8%, and specificity equal to 80.7% (AUC = 91.3).

All the obtained results of the electrochemical study
of the contents of pancreatic cysts were confirmed by
bacteriological examination: in 22 patients with signs of
inflammation of pancreatic cysts and a high current work
rate (on average 22.32+1.92 W), growth of microorganisms
was observed; in 84 patients without signs of inflammation
of pancreatic cysts and a low current work rate (on average
5.86+5.02 pJ), growth of microflora was not observed.

Conclusion

During the electrochemical study of the contents
of postnecrotic pancreatic cysts, statistically significant
data on infection of the cyst contents were obtained (p <
0.001). When the current work was from 19.01 to 26.3 WJ

Ta6nuya 2

®dparmeHT Ta6auubl KoopauHat ROC-KpuBOM wuccne-
[OBaHUA paGoTbl TOKA Y NaLMEeHTOB C NOCTHEKPOTUYE-
ckumu Kuctamu K npu onpegeneHun mHouuuposa-
HUSl UX COAEPKUMOTo

Table 2

A fragment of the coordinate table of the ROC-curve
of the study of elecrical current work in patients with
postnecrotic pancreatic cysts in determining infection
of their contents

Pa6oTa ToKa,
MK/K

YyscTBUTENDb-
HOCTb

Cneuyndumy-
HOCTb

10,1 0,9789 0,6378
13,42 0,9213 0,7066
16,91 0,8708 0,7853

19,1 0,8182 0,8072
20,14 0,7835 0,8113
22,76 0,7412 0,8810

23,1 0,7244 0,9227

(on average 22.32 + 1.92 pJ), infection of the postnecrotic
pancreatic cyst was diagnosed; the current work indicator
from 0.92 to 18.31 W (on average 5.86 + 5.02 wJ) indicates
the absence of infection.

When assessing the quality of the joulemetric study in
determining the early signs of inflammation of the contents
of postnecrotic cysts of the pancreas, it was proven that the
threshold differential diagnostic value of 19.1 pJ provides
the sensitivity of the proposed method at 81.8% and
specificity at 80.7% (AUC=91.3) with a statistically significant
difference in the current work indicators (p < 0.001).
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