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Abstract. Introduction. Succinates (succinic acid and its salts) in the body are closely related to the “production” of
energy, which is necessary for vital activity, since they are products of the fifth and substrate of the sixth reaction in the
Krebs cycle. A possible way to improve tissue oxygenation without aggressive oxygen insufflation may be to improve the
oxidative phosphorylation process. This pathway can be achieved through the use of succinates. The purpose of the
study. To conduct a comparative study of the effect of meglumine sodium succinate and the level of tissue oxygenation
in burned patients on the quality of postoperative anesthesia. Materials and methods. In this study, 106 patients aged
20 to 90 years after surgical necrectomy were examined and divided into two groups. The study was conducted in the
Department of Thermal Injuries of the St. Petersburg Scientific Research Institute of Emergency Medicine named after
l.I. Dzhanelidze. The amount of analgesics required for effective postoperative anesthesia (3 days) was determined in
two groups of patients: those who received oxygen-air mixture insufflation as part of intensive care in the postoperative
period (56 people) and additionally received reamberin infusion against the background of oxygen-air mixture insufflation
(50 people). The number of postoperative complications was calculated according to the Clavien-Dindo classification of
surgical complications. The parameters of oxygen metabolism were determined: saturation of hemoglobin with oxygen
in arterial and venous blood, oxygen utilization coefficient by tissues. Results. Our proposed method of administration
of the drug meglumine sodium succinate “Reamberin” intravenously drip burned in the postoperative period allowed
to reduce the frequency of surgical postoperative complications by 31% according to Clavien—-Dindo (p <0.05), and
also increases the utilization of oxygen by tissues in the area of the postoperative wound. The total number of opioid
analgesics needed for complete relief of pain syndrome was 4 times less. Conclusion. Intravenous administration of
meglumine sodium succinate “Reamberin” to those burned in the postoperative period made it possible to increase
oxygen utilization by tissues in the area of the postoperative wound and reduce the frequency of surgical complications
and the number of opioid analgesics.

Keywords: postoperative period, burns, pain relief, oxygen exchange, FiO,, meglumine sodium succinate “Reamberin”,
surgical necrectomy
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JOOEKTUBHOCTb MPUMEHEHWUA NPENAPATA MEFMIOMUHA HATPUA
CYKUMHATA «PEAMBEPWH» ANA ONTUMU3ALUU NOCNEONEPALMOHHOIO
OBE3B0/IMBAHUS OBEOXKEHHbIX NMOCIHE XUPYPIMYECKNUX HEKPOKTOMUM
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Pe3tome. BeedeHue. CykunHaTbl (SHTapHas KMCNOTa 1 €€ COMnK) B OPraHn3mMe TECHO CBA3aHbI C «MPOM3BOACTBOMY
9Heprun, kotopast Heobxoguma Ansa obecneyeHns Xn3HeLesTENbHOCTH, TaK Kak OHW SBASOTCA NPOAYKTaMU NATON 1
cybcTpaTom wecTton peakumum B uukne Kpebca. BoamMOXHbIM MyTEM yNyyLleHNs OKCureHalmum TkaHein 63 arpeccuBHOM
WHCYhPNALMM KUCIopoaa MOXET BbiTb yryyLIeHe NpoLecca OKUCINTENbHOTO POoCchopunpoBaHus. IToT NyTb MOXET
ObITb AOCTUTHYT 3@ CYET UCNONb30BaHMs CyKLUMHATOB. Ljesib uccnedoeanus — NpoBECTYM CPABHUTENBHOE N3yYeHNe
BNUSHUS METTIIOMUHA HaTpUs CyKumuHaTa «PeambepuH» 1 ypoBHS OKCUreHaLmm TkaHerl y 0B0XKEHHbIX Ha Ka4eCTBO
nocneonepawmoHHoro 06esbonneanns. Mamepuansl u memodsl. B nanHoii pabote o6cnegosaHo 106 naymeHToB
nocne BbINOSHEHHbIX XUPYPrindecknx HekpakTomui B Bodpacte o1 20 fo 90 ner, koTopble bbinu pasgeneHsl Ha ABe
rpynnel. MiccnenoBaxune npoBoAUnOCh B oTaene Tepmuyeckux nopaxenuin F'bY «Cankt-lNetepbyprckuit HayyHo-
NCCneaoBaTeNbCkUn MHCTUTYT ckopon nomolyn um. V.M. [xanenngse». Onpegensnu KonuvyecTBO aHamnbreTkos,
Heobxogumoe ans achheKkTUBHOro nocneonepaunoHHoro obesbonmeanns (3 cyTok) y ABYX rpynn nauneHTos:
noJlyyaBLLUNX B COCTaBE MHTEHCMBHOWM Tepanum B NOCNeonepaLMoHHOM nepuoae MHCYPnaLno KUCnopoLHo-Bo3-
JYLUHOW cMecK (56 YenoBekK) 1 AOMOSTHUTENBHO NOMyYaBLWKMX MHGY3uno PeambepuHa Ha hoHe MHCyddnsaumm Takxe
KMCNOpOoAHO-BO3aYLWHo cMeck (50 yenosek). KonnuecTo nocneonepaLnoHHbIX OCNIOXHEHW pacCYnUTbIBAN MO
Knaccudukalum Xxupyprivyeckux ocnoxHenmin KnaebeHa—[uHgo. Onpegensny nokasatenu KUCnopoaHoro obmeHa:
HacblWeHne reMornobuHa K1crnopogoM apTepnanbHoi N BEHO3HOW KPOBM, KOSMMULMEHT YTUIM3aLMN K1ucnopoaa
TkaHAMU. Pe3ynbmamel. [peanoxeHHbIn HaMu cnocob BBeAeHWS npenapaTta MerfnoM1Ha HaTpus CyKuuHaTa
«PeambepyH» BHYTPUBEHHO KanefbHO 060XXeHHbIM B NOCeonepayoHHOM nepruoae no3BoNseT CHU3NTb YacToTy
XWUPpYprvecknx nocneonepaLmoHHbIX ocroxHeHun Ha 31% no KnasbeHy-Aungo (p <0,05), a Takxe nosblwaet yTu-
n13aumio Kucropoaa TkaHaMu B obnacti nocneonepaumoHHom paHbl. ObLee konn4ecTBO ONMOUAHBIX aHaNbreTUKoB,
HeobXoANMbIX NS NOMHOLEHHOTO KynupoBaHus 6oneBoro cuHapoma, 6bino B 4 pasa MeHblue. Bbigod. BHyTpu-
BEHHOe HasHayeHWe MerniMmuHa HaTpus cykumHata «PeambepnH» 060XKeHHbIM B MOCIEONepaLoHHOM nepuoae
NO3BOMMMO MOBBICUTb YTUNU3ALMIO KUCNIOPOAa TKaHAMKM B 061aCTh NOCneonepaLoHHOM paHbl U CHU3UTb YacToTy
XWUPYPruvecknx OCNOXHEHUN 1 KONMYECTBO OMUOUAHBIX aHANbreTUKOB.

KntoueBble cnoBa: nocrneonepalymoHHblil nepuog, 06oxxeHHble, 06e3bonnBanne, KUCIOPOAHBIN 0bMeH, FiO,,
MernioMUHa HaTpus cykuuHat «PeambepuHy, Xupypriuyeckas HeKpaKTOMUS
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INTRODUCTION

Adequate pain relief during surgical procedures and
the early postoperative period is one of the most important
issues both for patients and for surgeons, pathophysio-
logists, anesthesiologists, intensive care specialists, pain
physicians [8].

Intense postoperative pain syndrome (IPPS) causes
spasm of microcirculatory bloodstream due to hypersecre-
tion of catecholamines, which impairs tissue oxygenation
and increases the frequency of postoperative surgical com-
plications in burn patients [1-3]. Improving tissue oxygena-
tion in the postoperative period through aggressive oxygen
insufflation facilitates optimal postoperative pain relief in burn
patients [3] and reduces the frequency of postoperative com-
plications. The use of aggressive oxygen therapy to improve
tissue oxygenation also has its negative properties, namely:
lung complications increase due to damage to bronchiole
surfactant system caused by high doses of oxygen [12,
15]. A possible way to improve tissue oxygenation without
aggressive oxygen insufflation may be the improvement of
oxidative phosphorylation, which promotes faster compen-
satory electron transfer in the respiratory chain complex and
increases the functional activity of organelles in the synthe-
sis of adenosine triphosphate (ATP). It might be achieved
by using succinates [4, 5]. Succinates probably do not even
improve oxygen transport directly. However, under condi-
tions of hypoxia, succinate-oxidase oxidation ensures the
preservation of aerobic energy production and normalizes
oxygen transport and transmembrane transfer in conditions
of both excess and deficiency [4, 5]. This improves tissue
regeneration processes [6] and may contribute to a reduced
need for postoperative pain relief in burn patients. However,
no similar studies have been found, suggesting the possible
use of succinates to increase the activity of opioid receptors
and, consequently, to optimize postoperative pain relief in
burn patients by reducing the use of opioids. There is only
indirect evidence that succinate administration reduces the
intensity of burning pain in patients with diabetic neuropathy [7].

AIM

The aim of the study was to conduct a comparative ana-
lysis of sodium succinate meglumine and tissue oxygenation
levels in burn patients in terms of postoperative pain relief.

MATERIALS AND METHODS

A total of 106 patients aged 20 to 90 years (mean age
51.412.1 years) were examined. The ratio of women to men
was 1:1.46. All patients underwent surgery (surgical necrec-

tomy covering an area of 5 to 10%, with an average of 7%)
under total intravenous anesthesia with tracheal intubation
and artificial lung ventilation. The intensity of postoperative
pain was assessed using a 10-point visual analog scale
(VAS) and an inspiratory spirometer [13]. The number of
opioid analgesics in mg per day required for adequate post-
operative pain relief was calculated.

The percentage frequency of complications was assessed
on the third day of the postoperative period using the Cla-
vain-Dindo classification of surgical complications [14, 15].

Patients were divided into two groups: group 1 (56 pa-
tients) received insufflation of an air mixture containing
30% oxygen through binasal cannulas during the first two
days of the postoperative period as part of complex therapy.
The second group of patients (50 people) received intrave-
nous infusion of 400 ml of the drug sodium succinate meg-
lumine “Reamberin” during the first three days of the post-
operative period as part of complex therapy, including insuf-
flation of an air-oxygen mixture containing 30% oxygen.

Tissue oxygenation was assessed using the following
techniques [16]: pulse oximetry, which allows determining
the degree of oxygen saturation of arterialized blood, re-
flecting oxygen delivery to tissues (SpO,%), and cerebral/
somatic oximetry, which allows assessing the degree of
oxygen saturation of venous blood hemoglobin (rSO,%).
The difference between SpO,% and rSO,% reflects the tis-
sue oxygen utilization coefficient (KuO,%). Cerebral/soma-
tic oximeter electrodes were placed on the damaged skin
areas parallel to the surgical suture line, 3-5 cm away from it.

Statistical methods: the STATISTICA 6.0 statistical soft-
ware package was used, as well as nonparametric statistical
methods: median and 25-75% interquartile range. Changes
in indicators within groups were determined using the Fried-
man, Wilcoxon, and Signs criteria. Differences in indicators
between groups were determined using the Mann-Whitney
U test. Percentages were compared using a four-field table
of conjugate frequencies.Differences were considered signi-
ficant at p <0.05.

RESULTS AND DISCUSSION

Table 1 shows the dynamics of studied indicators in
the first group of patients who received insufflation of a
30% oxygen-air mixture during the first two days of the
postoperative period. The administration of sodium succi-
nate meglumine “Reamberin” in the postoperative period
in patients with burns after surgical interventions (surgical
necrectomies) increases oxygen utilization by tissues in
the area of a surgical wound.

The results presented in Table 1 allow us to con-
clude that hemoglobin oxygen saturation in arterial blood
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Table 1
Patients receiving insufflation of oxygen-air mixture 30%
Tabnuuya 1
MauueHTbI, Nony4aslume UHCyhnALMIO KUCNOPOoAHO-BO3AYLWHOW cmeck 30%
Ananusupyemble napametpbl (Mtm) / Analyzed parameters (M+m)
y Konnyectso o3
Bpems dukcaum / acrora aHanbreTMKkoB /
Time of fixation Sp0,% r50,% KuO,% OCTOKHERMA, % | "\ ber of
2 2 2 The frequency of
S doses of
complications, % )
analgesics
Cpa3y nocrne onepauum / 94,5+0,2 78,4+0,2 18,3+0,2 - -
Immediately after the operation
1-e cytkn / 1 day 96,3+0,2* 77,0£0,5* 19,740,4* - 3,6+0,1
2-e cyTkn / 2 day 97,1£0,3* 74,410,6* 22,60,7* - 1,4+0,2
3-u cytkm / 3 day 98,2+0,2** 72,3+0,7* 24,7+0,7* " 0,8+0,1
Wroro / Total - - " 5,6+0,3
Note: * p <0.05; ** p <0.001 relative to the value fixed immediately after the operation.
MpumeyaHue: * p <0,05; ** p <0,001 N0 OTHOLLEHWIO K BENUYMHE, UKCUPOBAHHON Cpasy nocrne onepawum.
Table 2
Patients who received an infusion of meglumine sodium succinate “Reamberin” in the postoperative period
Tabnuua 2
MauneHTbl, Nnonyyaslme B NOCNEonepaLluoHHOM Nepuoae MHY3NI MerfitoMMHa HaTpUs cykumHaTta «PeamoepuH»
Ananusupyemble napametpbl (Mtm) / Analyzed parameters (M+m)
Bpems pyikcaLum / Yacrora Konnyectso 103
Time of fixation 0 0 0 OCNOXHEeHWA , % / |  aHanbreTukos /
SpO;% rSO;% KuO,% The frequency of | Number of doses
complications, % of analgesics
Cpasy nocne onepauum / 95,2+0,2 78,340,2 17,8+0,2 - -
Immediately after the operation
1-e cytkn / 1 day 95,9+0,2 72,2+0,5* 24,7+0,4* - 3,2+0,2
2-e cyTkn / 2 day 97,3+0,3* 71,1£0,6* 25,60,7* - 0,8+0,1
3-n cyTkn / 3 day 98,0+0,2* 69,2+0,7* 27,5++0,7** 71 -
Wroro / Total - - - 710 1,4+0,1*

Note: * p <0,05; ** p <0,001 relative to the value fixed immediately after surgery; * p <0,05 relative to group 1 patients.

Mpumeyarue: * p <0,05; ** p <0,001 no OTHOLIEHWIO K BENWYMHE, (PUKCUPOBAHHOI cpasy nocne onepauuu; * p <0,05 No 0THOLLEHMIO K naLueHTam 1-it rpynmbi.

increases statistically significantly from the moment of
surgery to three days after surgery. At the same time,
there is a statistically significant decrease in venous blood
hemoglobin saturation. As a result, the oxygen utilization
coefficient of tissues increases, although on the third day
it remains below the physiological limit (25%).

On the third day, the severity index of complications ac-
cording to the Clavien-Dindo classification of surgical compli-
cations was 11%; according to the degree of severity, 9.9% of
complications were classified as grade | and 1.1% as grade |I.

Throughout all three follow-up days, patients in group 1

required the prescription of opioid analgesics in decreasing
manner.

Patients in group 2, who received additional infusion of
the drug sodium succinate meglumine “Reamberin” in the
intensive care unit during the postoperative period, are sum-
marized in Table 2.

Group 2 showed an increase in oxygen saturation of
arterialized blood hemoglobin, as well as a significant de-
crease in oxygen saturation of venous blood hemoglobin
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from the first day, which led to a significant increase in tis-
sue oxygen utilization within physiological limits.

The frequency of postoperative surgical complications in
patients in group 2 was 7.1%, which is 31% lower (p <0.05)
than in patients in group 1. In terms of severity, the compli-
cations recorded in patients in group 2 were classified as
grade I.

The data in Table 2 show that patients in group 2 required
opioids on the first and second days. The total amount of
opioid analgesics required for complete postoperative pain
relief in group 2 was 4 times less than in group 1.

There is an active search for methods to reduce the
use of opioid analgesics for postoperative pain relief [8,
15]. It has been established that improved tissue oxygena-
tion in the postoperative period facilitates optimal post-
operative pain relief for burn patients. The presence of
hypoxemia and hypoxia reduces the sensitivity of opioid
receptors, which requires an increased use of opioids. We
adopted the working hypothesis that it is necessary to in-
crease tissue oxygenation in the postoperative period in
burn patients to optimize postoperative pain relief. A clas-
sic method of increasing oxygenation was implemented,
which involved administration of oxygen-air mixture insuf-
flation, and a second method was employed to enhance
oxygen utilization by tissues through the improvement of
oxidative phosphorylation, which facilitates faster compen-
satory electron transfer in the respiratory chain complex,
increases the functional activity of organelles in ATP syn-
thesis, and increases oxygen utilization by tissues by us-
ing sodium succinate meglumine “Reamberin” [4, 5, 10].
It has been established that there is a more pronounced
increase in oxygen utilization by tissues under the influ-
ence of succinates, which ultimately contributes to a 4-fold
reduction in opioid analgesics to control postoperative pain
syndrome within three days. Mu-opioid receptors become
more sensitive when succinates are present. Moreover,
some researches show that succinates make insulin re-
ceptors more sensitive, which makes insulin therapy easier
for people with diabetes [7].

At the same time, it has been established that the use
of sodium succinate meglumine “Reamberin” in burn pa-
tients in the postoperative period contributes to a 31%
reduction in the frequency of postoperative surgical com-
plications, which can be explained by improved tissue
oxygenation in the area of a surgical wound.Some studies
also note that succinates can help wounds heal faster af-
ter surgery. Consequently, the use of sodium succinate
meglumine “Reamberin” in burn patients in the postopera-
tive period is justified both for optimizing pain relief and
for reducing postoperative complications through tissue
regeneration.

CONCLUSIONS

1. The administration of sodium succinate meglumine
in burn patients soon after surgery (surgical necrectomies)
increases oxygen utilization by tissues in a surgical wound.

2. When meglumine sodium succinate is prescribed du-
ring the first three days after surgical necrectomies, there is
a fourfold decrease in the amount of opioid analgesics re-
quired for adequate postoperative pain relief, and a 31% re-
duction in the frequency of surgical complications according
to Clavien-Dindo.
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AOMNOJIHUTENIbHAA NHOOPMALIUA

Bknag aBTopoB. Bce aBTOPbl BHECU CYLLECTBEHHDIN
BKNag B pa3paboTKy KOHLEeNnuuu, npoBeAeHne uccneaosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 040BpUnn UHaNbHYH0
Bepcuto nepeq nybnvkayyen.

KoHdnukt uHTepecoB. ABTOpbI [eKNapupytT OTCyT-
CTBME SIBHbIX U MOTEHUMarbHbIX KOH(IUKTOB UHTEPECOB,
CBSI3aHHbIX C NybnukaLmei HacTosLen cTaTby.

WUcTouHuk cmHaHcupoBaHmA. ABTOpbI 3asBnstOT 06
OTCYTCTBUM BHELIHEr0 PUHAHCMPOBAHUS NPU NPOBEAEHUM
1CCneaoBaHms.

WUHhopmmpoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbl MOMYYMAN NUCbMEHHOE COornacKe NauMeHTOB Ha ny-
Brmkaumio MeAULIMHCKNX AaHHbIX.
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