 GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 NO 1 (334) SIuBaps 2023

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Aim: The aim of the study is to test the developed perfusion
machine for long-term preservation of the liver, to evaluate
the perfusion scheme that provides two different (arterial
and venous) flows, and to evaluate hemodynamic of parallel
perfusion of the liver together with the kidney.

Material and methods: We have developed a perfusion
machine to enable simultaneous perfusion of the liver and
kidney, based on clinically proven constant flow blood pump.
In the developed device, constant blood flow is converted into
pulsed blood flow using a device of its own design - a pulsator.
The device was tested on 6 pigs, whose liver and kidney were
explanted for preservation. Organs were explanted along with
the aorta and caudal vena cava on a common vascular pedicle
and perfused through the aorta and portal vein. With a constant
flow pump, part of the blood was directed through a heat
exchanger, an oxygenator, and a pulsator and delivered to the
organs through the aorta. The other part was sent to the upper
reservoir, from which the blood gravitationally entered the
portal vein. The organs were irrigated with warm saline. Blood
flows were regulated by gas composition, temperature, blood
flow volume and pressure.

Results: One experiment was put to an end due to technical
problems. In 5 experiments, during the 6-hour perfusion, all
physiological parameters remained within the normal range.
During the conservation process, slight, correctable changes in
gas exchange parameters affecting pH stability were noted. The
production of bile and urine was noted.

Conclusion: Results of the experiments with the achievement
of a stable 6-hour perfusion preservation with confirmed
physiological activity of the liver and kidney, make it possible
to consider the design capabilities of the applied device with
pulsating blood flow. It is possible to assess the original
perfusion scheme, which provides two different flows, by one
blood pump. The possibility of increasing the duration of liver
preservation with further improvement of the perfusion machine
and methodological support was noted.

Key words. Isolated organs, organ perfusion, machine
preservation.

Introduction.

The ever-growing demand for donor organs is forcing
transplant surgeons to look for alternative ways to meet the
needs of recipients who are in the terminal stages of disease. It is
known that not all obtained organs are used for transplantation
due to their unfavorable condition [1]. Efforts are being made
to improve the quality of rejected organs [2-6]. The key role in
improving of the quality of transplant organs is assigned to the
“ex vivo” machine perfusion method. Recently, there has been
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a tendency to bring the conditions of conservation as close to
physiological norms as possible. This gives a rise to the need to
create artificial conditions as close as possible to natural ones
[7-9]. It should also be noted here that effective conditioning
of a marginal transplant can be achieved by long-term (many
hours, many days) perfusion. This was made possible by
constant technological improvement of artificial analogues of
the heart, lungs, blood vessels, etc. During “ex vivo” machine
perfusion for the purpose of long-term preservation of the liver,
a number of technical and methodological issues arise [8,10].
Among them, the management of hemodynamic parameters of
perfusion (the nature of the pulse wave, minute volume of blood
flow, pressure in the hepatic artery and portal vein) is important.
Equally important is the monitoring and management of the
biochemical composition of the perfusate/blood (correction of
urea, uric acid, creatinine, proteins, glucose, cholic acid, bile
acids, etc.) [11-13]. As for “ex vivo” preservation, some of the
listed agents are produced by the liver itself, they enter the blood,
and a number of metabolic products are subject to elimination.

In modern perfusion machines, non-pulsating roller and
centrifugal pumps provide blood circulation. However,
non-pulsatile flow is characterized by a number of known
disadvantages that affect hemodynamics and homeostasis
[7,14-16]. On the other hand, for the maximum physiological
hemodynamics of artificial perfusion during liver preservation,
the device must provide both venous - non-pulsating, and arterial
- pulsating blood flow. As a perfusate, most authors use whole
blood or erythrocyte mass in dilution, hypo-, subnormal- or
normothermic temperature. The biochemical composition of the
perfusate is corrected by incorporating various filters, dialyzers,
artificial kidney analogues in the perfusion scheme [17]. All
this complicates the perfusion scheme, apparatus control,
and increases the cost of the procedure. But yet, the costs are
justified by the end goal, since to some extent it increases the
likelihood of using organs rejected for transplantation, taken
from marginal donors.

The aim of the study is preliminary experimental testing of the
developed new perfusion apparatus for long-term preservation
of the liver, evaluation of the perfusion scheme in which two
different (arterial and venous) flows are provided for the liver
by one pump, as well as the assessment of the results of parallel
perfusion of the kidney on a common vascular pedicle with the
liver.

Materials and Methods.

An apparatus of our own design was used for “ex vivo”
machine preservation of the abdominal organs. In this device
the circulation of the perfusate was provided by a centrifugal
pump (Sarns). After lengthy bench tests, the device was tested
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in preliminary adjustment experiments on animals.

The apparatus for preservation and static scheme of organ
perfusion. For the preservation of the hepatic-renal complex,
we tested a perfusion apparatus of our own design, which is
assembled on a movable cart and is a portable device with a
size of 60 x 50 x 50 cm. The main part of the apparatus is a
centrifugal (or roller) blood pump. It is equipped with an
electronically controlled pulsator of its own design. The
pulsator is a device of small dimensions (6 x 8 x 9 cm) and is
fixed on the arterial tube of the circulation circuit. It converts
the constant flow of the pump by pinching the arterial tube and
creates a pulse wave that is as close to natural as possible. The
device also includes accessories for a pediatric cardiopulmonary
bypass kit. One of the accessories is a common venous sump
with a volume of up to 1 liter. It was placed 40-50 cm below the
liver. The second reservoir up to 500 ml for "splanchnic" blood
was placed 50-60 cm above the liver on a vertically movable
holder. The perfusion apparatus also included a heat exchanger,
venous and arterial filters, an organ reservoir, a portable oxygen
cylinder, a set of silicone and PVC blood tubes with dosing
taps and dispensers. The overall control of the apparatus was
carried out by a digital control unit, which combines the control
of the operation parameters of the pump, heat exchanger, and
the flow distribution system within the circulation circuit of the

apparatus. The arterial tube after the pump was divided into two
branches. One branch was sent to the upper reservoir, and the
second branch was sent to the oxygenator. The tube after the
oxygenator was again bifurcated. One branch was connected to
the tube leading to the upper reservoir, and the second (arterial)
branch was directed through a pulsator to the arteries of the
organs (Figure 1).

Dynamic scheme “ex vivo” of machine organ preservation.
All accessories of the device were assembled in accordance
with the scheme shown in figure 1 (details indicated in the
diagram by numbers in the text are given in parentheses). A
distinctive detail of this scheme is the usage of only one pump
(18), but two different flows for the liver are achieved at the
same time. Namely, arterial pulsating blood flow enters the liver
(2) from the abdominal aorta (9) through the vascular pedicle (8,
7), and mixed (venous with a high oxygen content) blood from
the upper venous reservoir (24) enters the portal vein (6) in a
gravitational, non-pulsating flow. In addition, the right kidney
(10) receives oxygenated normothermic blood from the aorta
(through the vascular pedicle 11) in a pulsating flow. It is shown
in the diagram, that all hemocirculation tubes are equipped with
dosing taps (28), which makes it possible to create the required
blood flow in their lumen and regulate both pressure and
volumetric blood flow. Thus, a stable blood level is maintained

Figure 1. Scheme of simultaneous preservation of the liver and right kidney on a common vascular pedicle.

1.Reservoir for organs; 2.Liver; 3. Ligated suprahepatic part of the caudal vena cava; 4. Infrahepatic (cannulated) part of the caudal vena cava;
5. Cannulated common bile duct; 6. Cannulated portal vein; 7. Hepatic artery, 8. Celiac trunk; 9. Abdominal aorta; 10. Right kidney, 11. Renal
artery, 12. Renal vein; 13. Cannulated ureter, 14. Tube from the upper tank with mixed blood; 15. Arterial cannula; 16. Pulsator on the arterial
tube; 17. Lower reservoir with total venous blood, 18. Blool pump; 19. Venous filter; 20. Oxygenator with heat exchanger; 21. T-tube with venous
blood; 22. Common arterial tube under pressure;23. Venous tube under pressure; 24. Tube with mixed venous blood; 25. Arterial filter; 26. Upper
venous reservoir, 27. Infusomat with nutritional components, 28. Dosing taps; 29. Sensors of volumetric blood flow,; 30. Pressure sensors; 31.

Temperature sensors.
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in both reservoirs and the required oxygen saturation of the
venous blood in the upper reservoir (26) is maintained as well.
On the perfusion scheme, sensors for volumetric blood flow
(29), pressure (30) and temperature (31) are located in different
areas.

Figure 2 shows one of the options for assembling the perfusion
apparatus during the experiment.

=

Figure 2. General view of the perfusion apparatus during the
preservation of the hepatic- renal complex.

1. Centrifugal pump control module; 2. Two-channel flowmeter; 3.
Arterial filter; 4. Oxygenator; 5. Heat exchanger, 6. Lower venous
reservoir, 7. Reservoir for organs; 8. Blood pressure sensor; 9.
Pressure sensor in the portal vein; 10. Aortic and venous cannula.

Explantation of organs on a common vascular pedicle: The
experiments strictly adhered to international requirements for
the use and euthanasia of animals in biomedical research [18,19].
Organs were obtained from 6 pigs of both sexes weighing up
to 20 kg. As for anesthesia, endotracheal anesthesia (halothane
0,1 mlkg, propofol 0,15 ml/kg, ketonal 0,05 ml/kg) with
artificial lung ventilation was used. After laparotomy, drainage
tubes were placed in the interintestinal pockets to ensure
maximum intraoperative blood drainage. The ligaments of the
liver were isolated and transected. The vessels of the liver and
right kidney, as well as the common bile duct and ureter were
mobilized. The suprahepatic and subhepatic parts of the caudal
vena cava and the portal vein were isolated. Initial pressure was
measured in the portal vein, caudal vena cava and celiac trunk
(Monitor Mindray T 5). Volumetric blood flow velocity was
measured in the same vessels (Transit Time Flowmeter TTFM-
2). The subphrenic part of the abdominal aorta was isolated with
ligation and cutting off the vessels of the left kidney. The aorta
was skeletonized in the retroperitoneal space. After a transverse
transection of the aorta distal to the origin of the renal arteries,
the blood that had flowed into the abdominal cavity was drained
into the lower venous reservoir (17) of the perfusion machine
(Figure 2). The liver with the caudal vena cava was dissected as
a single block, crossing it after ligation in the suprahepatic part
(3). The subhepatic part of the vena cava was cut off distally to
the confluence of the right renal vein, and the portal vein was cut
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off along the length towards the spleen. The aorta was transected
proximally to the origin of the celiac trunk under the diaphragm.
All vessels extending from the celiac trunk were ligated and
cut off, except for the common hepatic artery, which was also
skeletonized. The right renal artery was preserved distally (11).
The right ureter (13) was cut off also along the length of the
organ. The organovascular block, consisting of the liver with the
caudal vena cava and the right kidney, together with a section of
the aorta, was removed from the abdominal cavity of the animal
and transferred to the perfusion reservoir (1). The caudal end
of the vena cava (4) was cannulated and drained into the lower
reservoir. The aorta was cannulated (18 Fr) and connected to
the arterial tube of the apparatus (15). The free end of the portal
vein was cannulated (20 Fr) and the cannula (14) was connected
to the upper reservoir. The right renal vein (12), which flows
into the caudal vena cava, was cut off and the outflow from the
kidney was carried out into the lower venous reservoir through
the cannula. Catheters were inserted into the common bile duct
and ureter (5, 13) and connected to graduated tubes.

Figure 3. Section of the perfusion device with a pulsator.

1. Converter of a laminar blood flow into a pulsating (pulsator); 2.
Venous filter;3. Pediatric oxygenator, 4. Blood pump; 5. Lower venous
reservoir, 6. Heat exchanger.

Perfusion technique: In the organ reservoir, the liver and the
right kidney were placed on a self- designed pneumomattress,
which served as a shock absorber and imitated diaphragm
movements at a frequency of 20 strokes/min. In addition, the
organs were drip-irrigated with normothermic saline in the
recirculation mode. The perfusion apparatus was preliminarily
filled with blood drained from the abdominal cavity.
Recirculation was initiated, the temperature of native blood was
set at (37-37.5°C), air bubbles were eliminated, and perfusion
commenced. In the aorta and, accordingly, in the hepatic and
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renal arteries, a pulsating blood flow was reproduced by means
of a pulsator, at a frequency of 70 beats/min (Figure 3). The
pulsator converted the constant flow of a centrifugal pump into
a pulse, with a characteristic pressure curve inherent in organ
arteries. Oxygenated blood passed through the heat exchanger
and oxygenator into the aorta. In the portal vein, mixed blood
under the control of the volumetric blood flow velocity and
pressure was supplied by gravity from the upper reservoir. The
percentage of mixing of arterial and venous blood was regulated
by dosing taps (28) on the respective tubes. The upper reservoir
was filled from the lower reservoir with a blood pump that
supplied two different streams of blood to it. Venous blood that
was warmed in a heat exchanger and arterial blood (through tube
22), which passed through a heat exchanger and an oxygenator
were mixed in the upper reservoir (through tube 23). Venous
blood from the liver and right kidney was drained into the lower
reservoir and after the blood pump it flew through the venous
filter, and then was distributed into the two aforementioned
streams (22, 23). Figure 4 shows the reservoir for organs at the
time of preservation of the hepatic-renal complex on a common
vascular pedicle.

Figure 4. Location of cannulas and probes in the organ reservoir.
1. arterial filter; 2. venous reservoir (lower); 3. pressure sensor on the
arterial tube; 4. flow meter sensor on the portal vein; 5. catheter in the
ureter, 6. liver; 7. pressure sensor in the portal vein; 8. aortic cannula;
9. temperature sensor; 10. cannula in the portal vein; 11. catheter in
the bile duct; 12. flow meter sensor on the aorta; 13. right kidney.

Results and Discussion.

In order to comparatively assess the obtained results, at the
beginning of each experiment, the initial indicators of pressure
and volumetric blood flow in the organ arteries and in the portal,
vein were measured after laparotomy. To control the quality of
the preservation, hematological, biochemical, coagulation and
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other indicators of homeostasis were initially determined, which
were subjects to dynamic monitoring and correction. Many of
them were recorded at the beginning of the surgical intervention
and evaluated as baseline indicators. Subsequently, these
indicators were again controlled every 2 hours of conservation
(see table 1). Of the 6 experiments in one, thrombosis of the
oxygenator occurred due to a violation of blood clotting at
the 3rd hour of perfusion and the experiment was interrupted.
Therefore, only 5 stable, 6-hour perfusions were evaluated.
The table shows the average indicators of some of the studied
parameters that were obtained during experiments.

The table shows that the initial temperature slightly decreased
by the end of perfusion, but by the 5th hour of perfusion, the blood
oxygen saturation indicators remained within the physiological
limits. The pH was maintained by permanent correction of gas
metabolism. Indicators of hepatic metabolism increased slightly
only by the end of the 5th hour, while bile formation decreased.
With stable adequate perfusion of the kidney, urine formation
was not disturbed.

The indicators, of course, largely depended on the perfusion
parameters, which were maintained within the initial range,
noted before organ explantation. Table 2 shows the main
hemodynamic parameters within a biotechnical system created
by connecting a perfusion machine to a two-organ complex. The
beginning of perfusion included a gradual increase of blood flow
from half of the initial norm to normal values in the period of
15-30 minutes. From that moment on, the overall performance
of the blood pump did not lessen until the end of the experiment.
The redistribution of flows by volume was carried out by dosing
taps. The main hemodynamic criterion for the sufficiency of
tissue microcirculation was the blood flow through the portal
vein. Table 2 shows the average hemodynamic parameters
maintained in various parts of the bio-technical complex.

The first experiments involving simultaneous preservation of
the liver and kidney as a complex on a common vascular pedicle,
using a perfusion device of our own design, showed the validity
of both the developed preservation method as a whole and
the encouraging technical capabilities of the perfusion device
itself. The developed design of the device differs from standard
perfusion machines, which are described in the literature [20].
It allows to provide the required flow of perfusate even during
a longer preservation, as it is based on the resource capabilities
of the main, clinically proven pump and a simple pulsator. This
is confirmed by the fact that the level of pressure in the aorta
throughout the entire perfusion was maintained as close to the
initial values as possible. The pulsator controlled both the pulse
rate and the systolic-diastolic gradient. Arterial flow to the
organs was reproduced using the main pump and pulsator. The
venous flow to the liver came gravitationally from the upper
reservoir (26). Therefore, the required pressure at the entrance
of the portal vein was set by changing the gradient between
the organ and the upper reservoir. The perfusion scheme
tested in the experiments provided two hemodynamically and
metabolically different blood flows by one pump. The perfusion
scheme also made it possible to control and maintain various
oxygen saturations of both arterial blood supplying the hepatic
artery and venous blood supplying the portal vein. When
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Table 1. Monitoring of some of the indicators of liver homeostasis during machine perfusion preservation.

Preservation
# Indicator Initial values 1 hour 3 hours 6 hours
Organ Perfusate Organ Perfusate Organ Perfusate
1 t°C 37.0 36.2 36,4 36.2 36,4 36,1 36,2
2 pH 7,5 7,4 7,6 7,5
3 PO2 58,6 48,4 50,3 42,0
4 pCO2 17,3 19,9 19.0 14,2
5 Ht <15 <15 <15 <15
6 AST 131 260 360 248
7 ALT 32 31 32 59
8 Glucose (mg/dl) 110 122 240 156
9 ACT (min) 5 4 10 12
10 Urea (mmol/l) 42 5,2 7,0 8,1
11 Creatinine (pmol/l) 86,6 86, 8 88,4 116,5
12 |Bile (ml) - 5 14 3
13 | Urine (ml) 10 10 8 12
Table 2. The main hemodynamic parameters recorded during conservation.
# Hemodynamic index Initial 1 hour 3 hour 6 hour
1 Total volumetric blood flow of the blood pump (ml/min) - 600 600 600
2 Volumetric blood flow in the aorta (ml/min) 1400 100 95 100
3 Volumetric blood flow in the portal vein (ml/min)  370-400 400 390 400
4 Volumetric blood flow in the caudal vena cava (ml/min) 110 500 500 490
5 Mean aortic pressure (mm Hg) 95 90 90 80
6 Portal vein pressure (mm Hg) 30 40 34 32

assessing the method of preservation, which was developed in
the presented experiments, the significance and the originality
of the simultaneous preservation of the liver along with one
of the kidneys, which is combined with the main organ by a
common vascular pedicle is noteworthy [11,21]. In principle,
this approach has been tested for the purpose of its application
in long-term, multi-day perfusions to study the possibility of
elimination of hepatic metabolites by a native organ instead of a
complex and expensive hemodialysis system, which is included
in the perfusion scheme by experimenters. In addition, the
kidney, constantly monitored and evaluated during perfusion,
is in itself an adequate graft and can be used for transplantation.
Thus, the experiments carried out revealed the capabilities of
the perfusion machine and the developed method of preserving
the liver for 6 hours. The results obtained allow us to plan
further studies that will be aimed at increasing the duration of
liver preservation up to several days, with confirmation of the
quality of the procedure through subsequent transplantation.

Conclusion.

In a liver and kidney perfusion machine, a roller or centrifuge
pump can be used along with a pulsator that converts part of
the constant flow into a pulsating one. The pulsator developed
by us is structurally simple. It is cheap and easy to manage. In
accordance with the scheme developed by us, it is sufficient to
use only one pumping device and two venous (upper and lower)
reservoirs to achieve two blood flows that are different in terms
of hemodynamic parameters. The first results of experiments
on animals, that showcased the achievement of a stable 6-hour
duration of preservation with confirmed physiological activity
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of the isolated liver and kidney, allow us to consider the
possibility of increasing the duration of preservation (for many
hours) by the future improvement of both the perfusion machine
and methodological support.
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PE3IOME

“EX VIVO” MAIITMHHASA ITPE3EPBAIIVA BPIOIITHBIX
OPT'AHOB CBUHBUA

Mumumeuan  O!, YUxaumse 32, [xunusenamze 3,
Jsamykamsunu M3, Xogenu H?

"T6umucckuit locymapcrBenusiii Yausepcurer

Tounucckuit ['ocyzapcrBennsiit Yuusepcuter, MHcTUTYyT
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Mopdororuu

SYacrHas xinHuKa CBaroro Moanna Muroctusoro

PaGora BrimonHeHa Ipu IHOAAepxkKe HanumoHaasHOTO
Hayutoro ®oupa I'pysun umenu Illora PycraBenu (rpant Ne
FR-19-7543).

Llenpio HcCle ZOBaHUA ABIAETCA AIPOOAIUA pa3pabOTaHHOTO
nmepdy3sHOHHOrO ammapara IJIfd [JINTeJIbHOM KOHCepBallUU
IeYeHH, OLeHKa Iepdy3HOHHOH CXeMbI, 00ecledHBaIouIei
IBa Pa3IMYHBIX (APTEpPUANbHBIA ¥ BEHO3HBIHM) IIOTOKA U
reMOJUHAMHUYeCKas OLEHKAa IapaUIeIbHOM Hepdys3un
TeYeHHU BMeCTe C IOYKOMH.

Marepuan u Meromsl. Msl paspabotanu mepdy3HOHHBIH
amIapar i OJHOBpeMeHHO! Iepdy3nuy IedYeH: U IOYKY Ha
6a3e HaCOCOB KPOBU IIOCTOSHHOIO IIOTOKA. B paspaboranHOM
anImapare MOCTOAHHBIH KPOBOTOK IpeoOpasyeTcs B IIyIbCOBOH
YCTPOHCTBOM COOCTBEHHOM KOHCTPYKLIIMHM — ITyJIBCATOPOM.
Ammapar anrpo6upoBany Ha 6 CBUHBAX. DKCIUIAHTHPOBAHHbIE
OpTraHbl M3BJIEeKaJIu BMeCTe C aOpTOH M KayJaabHOHN IIOJOH
BeHOM Ha 06II1el COCyANCTOMH HOXKe U ITepy3UPOBATIH Yepe3
A0pTy X BOPOTHYIO BeHy. HacocoM IIOCTOSHHOrO ITOTOKA 9acTh
KpOBM HAIIPaB/LUIM 4Yepe3 TeIUIOOOMEHHUK, OKCUTEHATOp,
IIyJIbCATOp ¥ IOJAaBaIM OpraHaM duepe3 aopry. Jpyryio
4acTh HAIIPAB/IAJIU B BEPXHUI pe3epByap, U3 KOTOPOTO KPOBb
TPaBUTAllIOHHO IIOCTyIIaJla B BOPOTHYIO BeHy. OpraHsl
opomany TemasM (usnosorudeckuM pacTBopoM. I[loroxu

KPOBU PeryJIMPOBAIM IIO COCTaBy Ta30B, TeMIEPaType,
06beMy KPOBOTOKA H JJABJIEHUIO.
PesympraTsl. 1 okcmepuMeHT ObUI  IIpepBaH  M3-3a

TeXHUYeCKUX mpobGirem. B 5 boKcmepuMeHTax K KOHILY
6-ro waca npedysuu Bce (PHUIHOJIOTHYECKHE IIOKA3aTeIH
OCTaBaJWCh B IIpefeax HOPMbI. B mpoliecce mpesepsauuu
OTMEYaJIMCh He3HAYMUTEeJIbHbIe, IIOAJAI0IKNecs KOPPEKIUHA
U3MeHeHMs IIoKasaTesjeil razooOMeHa, BiauAomux Ha pH.
OTMeyasnach MPOLYKIMA XKeJTIH U MOYH.

3akimodyeHre. Pe3ypTaTsl 9KCIIEPUMEHTOB, C JOCTIDKEHUEM
CTabuIBHOM, 6-4acoBO¥ IIpe3epBaliiy, C IIOJTBEPXXAEHHOMH
($bU3NONIOTUYEeCKOH  aKTHBHOCTHIO II€YeHH U IIOYKH
IIO3BOJIAIOT CY,Z[I/ITB (o] KOHCprKTI/IBHBIX BO3MOXHOCTAX
IIPEMEHEHHOTrO alIlapara C IIyJIbCUPYIOUINMM KPOBOTOKOM.
OTMequa BO3MOXXHOCTBH yBe,TII/I‘IeHI/IH IIPOAOIXKUTEIPHOCTH
IIpe3epBaluy IeYeHU IIPY JaIbHeHIIeM yCOBepIIe HCTBOBAHU Y
nepdy3HOHHOM MalIWHBI u METO0JIOTUYeCKOIO
obecrieyeHu.

KiroueBsle cjioBa: H30JIMpOBaHHBIE OpTaHBI, Iepdy3us
OpraHOB, MAlIMHHAs IIpe3epBally.
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