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ro BUTOKY, € 4aCTUM YCKMafHEHHSIM MOMITPaBMK, a OXMPIHHA MOMMWOMIOE Lien pU3MK,
OCKiNbKN CTaHAAPTHI 0B4ncneHHs o6’emy iHMY3il 3a hakTUYHOI Macoo Tina MOXyTb
3aBWLLYyBaTU peanbHWin 06’eM po3noginy.

MeTta po60TH — OLiHUTK BNNMB Pi3HNX KaTeropiv iHAEKCY Macu Tina Ta ABOX CTpaTerii
pospaxyHky o6’emy iH(py3iiHOI Tepanii Ha HaKOMWYEHHS PIAVHU B IPYAHIA KNiTUi BNpo-
[O0BX NepLLOro TMXHS MiCns TpaBMu.

MaTtepianu Ta meToau. Y nNpocneKkTUBHE KOropTHe AoCnigKeHHs BkrodeHo 106 gopoc-
KX i3 NONiTPaBMOt0, 40 CKNagy sKOi Bxoauna 3akputa abgoMiHanbHa TpaBma, sikKuM BU-
KOHaHO YpreHTHy nanapoToMito. MNauieHTiB po3noaineHo Ha YOoTupY rpynu: HOpMarbHUA
IMT (18,5 — 24,9 kr/m?, n = 34), HagmipHa maca Tina (25 — 29,9 kr/m?, n = 36), OXVPIHHS
| cTyneHs 3 pospaxyHKoMm iHdysii 3a pakTnuHoo macoto (30 — 34,9 kr/m?, n = 21) Ta oXu-
PiHHSA | CTyNeHs1 3 PecTPUKTUBHMM pPO3paxyHKOM 3a igeanbHoto macoto (IBW, n = 15).
[o6osuii 06’em B/B iHdy3ii cTaHoBMB 30 MNn X dhakTMyHa Maca + naTonorivyHi BTpaTtu piam-
Hu B rpynax 1-3 ta 40 mn x IBW + BTpatn y rpyni 4. BmicT pignHn B rpyarin knitui (TFC)
BM3HaYanM MeTodOM enekTpuyHoi GioimnepaHcii (60 kl'y) Ha 1-wy, 3-Tio, 5-Ty Ta 7-my
[o6y; piBeHb reMornobiHy BUMiptoBanu o Ta Yepes 1 rof nicnsi novaTkoBoi pecycumTadlii.
Pesynbratu. Y nepuwy goby rpyna oxuvpiHHA-bakTudHa maca mana Havieuwmin TFC
(7,19 £ 0,58 n) NopiBHAHO 3 rpynamu HopmaneHoi Baru (6,45 + 0,49 n), HagmipHOT Macu
(6,76 £ 0,71 n) Ta oxupiHHs-IBW (6,67 + 0,53 n; P < 0,05) i 36epirana uen Haanuwok
NPOTHArOM YCbOro Mepiofdy CMoCTEPEXEHHS. 3HKEHHS remornobiHy 6yno Ginblu Bupa-
XEHUM Yy rpyni OKUPIHHA-akTnyHa macu (-24,3 + 6,3 r/n) NOPIBHSAHO 3 iHLWIMMK rpynaMu
(-17,9 £ 8,3 r/n y HopmanbHin maci Tina; P < 0,05), wo Bkasye Ha GinbLuy reMoauntoLiio.
PectpuktnBHuin IBW-nigxin 3abesneunB nokasHuku TFC, 3sicTaBnioBaHi 3 nauieHTamu
6e3 OXMPIHHSA, MONpPY NOAIGHI MOKAa3HWKM TSXKKOCTI TpaBMK Ta onepaLiiHoi KPOBOBTpaTU.
BucHoBku. PospaxyHok 06’eMy iH(y3iiHOI Tepanii 3a hakTUYHOK Macol y XBOPUX
3 OXKMPIHHAM NPU3BOAUTL A0 KNIHIYHO 3HAYYLLOro HAKOMUYEHHS PIAWHW B IPYAHIN KNiTUi
Ta Binbw BupaxeHoi remogunioLii. PECTpukTMBHa cxema 3 BUKOPUCTaHHSIM igeanbHoi
mMacu Tina eeKTuBHiWe NigTpumye 6anaHc piavHN 1 MOXe 3HWKYBaTU PU3UK NereHe-
BMX yCKnafaHeHb. [louinbHO po3rmsHyTH BNpoBaKeHHs |IBW-opieHToBaHNX po3paxyHkis
Yy paHHbOMY Mepiodi pecycumuTauii nauieHTIB i3 NOMITPaBMO Ta OXUPIHHAM.
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Background. Capillary-leak-driven fluid overload is a frequent complication
in polytrauma, and obesity further amplifies this risk because standard body-weight—
based resuscitation may overestimate the true distribution volume.

Purpose — to evaluate how different body-mass-index categories and two infusion-
volume calculation strategies influence thoracic fluid accumulation during the first week
after injury.

Gogiya Madona Otarivna Materials and methods. A prospective cohort of 106 adults with polytrauma
V.N. Karazin Kharkiv National University that included closed abdominal injury underwent emergency laparotomy and
of the Ministry of Education and Science was divided into four groups: normal BMI (18.5 — 24.9 kg/m?, n = 34), overweight
of Ukraine, Department of General Surgery, (25 —29.9 kg/m?, n = 36), obese | with conventional fluid dosing (30-34.9 kg/m?, actual
Anesthesiology and Palliative Medicine; body weight, n = 21), and obese | with restrictive dosing based on ideal body weight
4 Svobody Sq., Kharkiv, Ukraine, 61022; (IBW, n = 15). Daily intravenous volumes were 30 ml x actual weight + pathologic losses
e-mail: m.o.gogia@karazin.ua in groups 1-3 and 40 ml x IBW + losses in group 4. Thoracic fluid content (TFC) was
measured by 60-kHz electrical bioimpedance on days 1, 3, 5, 7; hemoglobin levels were
recorded before and 1 h after initial resuscitation.

Results. On day 1 the obese-conventional group exhibited the highest TFC
(7.19 £ 0.58 L) compared with normal (6.45 + 0.49 L), overweight (6.76 + 0.71 L), and
obese-IBW patients (6.67 £ 0.53 L; P < 0.05) and maintained this excess throughout
the study period. Hemoglobin fell more sharply in the obese-conventional cohort
(-24.3 + 6.3 g/L) versus the other groups (-27.9 £ 8.3 g/L in normal weight; P < 0.05),
indicating greater hemodilution. Restrictive IBW-based dosing mitigated thoracic fluid
accumulation to values comparable with non-obese patients despite similar injury
severity scores and operative blood loss.

Conclusions. Calculating infusion volumes from actual body weight in obese polytrauma
patients leads to clinically significant thoracic fluid overload and greater hemodilution.
A restrictive regimen using ideal body weight better preserves fluid balance and may
lower the risk of pulmonary complications. Adoption of IBW-guided dosing should be
considered when managing early resuscitation in this population.
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BCTYN

[NoniTpaBma 3anuaeTbCca OAHIE 3 NPOBIAHUX NpU-
YMH NepeagyacHol cMepTi Ta iHBanigu3adii y cBiTi, noctyna-
HO4MCb MULLE CEPLEBO-CYAMHHUM Ta OHKOMOTYHUM 3aXBO-
ptoBaHHAM. 3a ouiHkamy Global Burden of Disease Study
2021, TpaBMaTUYHI YLLKOMKEHHS 3ymoBntoloTk noHas 10%
3aranbHOro Taraps XxBopob, a B KpaiHax i3 HU3bKMM Ta ce-
peaHim pisHem goxogy — Ao 15% [1]. OgHovacHo naHae-
Misi OXXMPIHHSI NPOdOBXY€E HabvpaTtn obepTiB: rmobanbHa
nowmpeHictb IMT = 30 kr/m? 3pocna BaBivi 3 1990 p. | HUHI
nepesuwlye 650 MnH ocCi6O  JOpPOCNOro  HacenexHs.
Y nonynsuii nocTpaxaanvx 3 NoniTpaBMOK YacTka nai-
€HTIB i3 OXMpiHHAM konuBaeTbes Big 20 go 35%, a oxu-
piHHs 1l cT. gOCTOBIpHO MiABULLYE rocniTanbHy neTanb-
HICTb MOPIBHAHO 3 HOPMarsibHO Macoto Tina [2].

[NoniTpaBma € CEPMO3HOK MPUYNHOK NS PO3BUT-
Ky woky Ta SIRS [3-5]. CuHOPOM KaninspHOro BUTOKY
€ YCKNaAHEHHsM, WO npuTamMaHHe Ans LWOKy Ta peak-
uii cuctemHoi 3anansHoi Bignosigi (SIRS) [3, 6]. Brpa-
Ta piavHK i3 cyauH Jo iHTepcTuuilo BiabyBaeTbCcs Yepes

INTRODUCTION

Polytrauma remains one of the leading causes of
premature death and disability worldwide, second only
to cardiovascular and oncological diseases. According
to the Global Burden of Disease Study 2021, traumatic
injuries account for over 10% of the total disease burden,
and in low- and middle-income countries, this figure
reaches up to 15% [1]. Simultaneously, the obesity
pandemic continues to escalate: the global prevalence
of BMI = 30 kg/m? has doubled since 1990 and now
exceeds 650 million adults. Among polytrauma patients,
the proportion of individuals with obesity ranges from
20% to 35%, and class Il obesity significantly increases
in-hospital mortality compared to patients with normal
body weight [2].

Polytrauma is a major trigger for the development of
shock and systemic inflammatory response syndrome
(SIRS) [3-5]. Capillary leak syndrome is a complication
commonly associated with both shock and SIRS
[3, 6]. Fluid loss from the intravascular space into
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natonoriyHe 36iNblUEHHA NPOHWKHOCTI CYAWHHOI CTiHKK
B YMOBaX MacvBHOI NPOAYKLii Mpo3ananbHUX meaiatopis
[4—6]. NereHeBi kaninapyn MarTb OyXe TOHKI CTiHKK, Lo,
3 ogHoro 60Ky, Cnpusie BiNbHOMY ra3oo6MiHy MiX anbBeo-
namu Ta Kaningapamu, npoTe, 3 iHWoro 60Ky, 3aBxXan aco-
LinosaHe 3 36inbLUeHHAM BTPaTV Yepesd HNX BHYTPILLHBbO-
CYAVHHOI PiAVHW, LWO 3arpoxye pO3BUTKOM CUHAPO-
My rOCTpOI AmxanbHoi HegocTaTHocTi [7, 8]. MNMpudnHoo
HaKOMWYEeHHs1 pPiOUHW B NereHeBoMy iHTepCcTuUii Yacto
€ HeageKBaTHO BMCOKMI TeMN pPigVHHOI pecycumTauii [9].
Tpaaunuinni nibepanbHi cxemu KpUcTanoigHoi pecycunTa-
Lii, SKi irHopytoTb iHAMBIQyanbHI 0cOBNMBOCTI Macu Tina
Ta CYQWHHOI MPOHWKHOCTI, acoLitol0TbCs 3 NOripLUEHHAM
raszoobmiHy, ARDS Ta 306inbLlueHHsAM neTtansHocTi. Ornsg
2025 p. nigkpecnioe, WO arpecuBHe MiasMo3aMilleHHs
KOpEre 3 BULLOIO YaCTOTOK MOMiopraHHoOi HeLOCTaTHO-
CTi i gepani YacTiwe NocTynaeTbCcs MicLleM NepcoHani3o-
BaHVM, UinboBum npotokonam «fluid stewardship» [10].
AHanoriyHo, paHOOMI30BaHi  AOCNIMKEHHST Y XBOPUX
3 TpaBMaTV4YHUM remopariyHUM LUOKOM [EeMOHCTPYHOTb,
L0 PECTPUKTMBHA pecycumTaLlist 3HXKYE YacToTy Koary-
nonarin i yckrnagHeHb NOPIBHAHO 3 KOHBEHLIMHUMM Nigxo-
Aamvum [11], Togi 9k kputudHuin ornsg 2024 p. Haronowye
Ha noTpebi nepeouiHky nibepanbHOi KpUCTanoiaHoi cTpa-
Terii B nepLwi roguHn nicnsa Tpasmu [12].

[MauieHTn 3 OXKMPIHHAM MatoTb HMXYY NUTOMY BOAO-
MICTKICTb >KMPOBOI TKaHWHW, a KPOBOTIK MOBIfbHILLWNA,
H>XK Yy M'S130Bii TKaHWHi. HeBunpaBgaHe MacluTabyBaH-
Hs 06’eMy piOVMHU Ha akTyanbHy Macy Tina npusBoauTb
00 KyMynsilii  «BiNbHOI» BOAM B TKAHMHAX 3 MEHLUMM
KOMNapTMEHTOM PO3MoAiny Ta NiABULLYE PU3UK iHTpaTo-
pakanbHOro BOAHOIO «nepeBaHTaXeHHsi». MeTaaHanis
2022 p. nokasas, L0 BUKOPUCTAHHS igeanbHOi Macu Tina
(IBW, ideal body weight) ona po3paxyHky iHdys3ii y xBo-
pYX 3 OXXUPIHHAM acOLOETECA 3 HYDKYOK TETanbHICTIo
MOPIBHSAHO 3 NIAXOA0M «MI X akTyanbHa mMaca Tina» [13].
BoagHo4vac pesynbratv geskux 4oChigKeHb BKa3yoTb, LLO
HaZMULLKOBA piavHa «MEHLU LUKIiANMBa» y moroawwmnx abo
OrpsifHMX NauieHTiB, ane BMMarae peTernbHOro MOHITOPUH-
ry ¥ paHHboi «gepecycumTadii» [14]. Takmm YMHOM, KOH-
CEHCYCY LWOAO0 ONTMMarnbHOI hopMynn po3paxyHKy A0Ci
Hemae, a Benvki NPOCNEKTUBHI AOCMIAKEHHS BiACYTHI.

EnektpuyHa 6GioimnegaHcHa ouiHka Thoracic Fluid
Content (TFC) HabyBae nonynsipHOCTi SIK LUBMAKWMA Ta
6e3nevHuii cnocib BUABNEHHS BHYTPILLUHBOrPYAHOI rinep-
rigpaTtauii. Y kapgionorii Ta negiatpuyHin pearimauii TFC
yXKe 3apekoMeHyBaB cebe sik Mapkep paHHbOro Habpsiky
nereHb Ta KaninsapHoro BUTOKY [15], a ocTaHHi ornmagos.i
ny6nikauii AeMOHCTPYIOTb TOYHICTb | BiATBOPIOBAHICTb
MEeTOAUKM B YMOBaXx BiadineHb iHTeHcuBHOI Tepanii [16].
Mpote 06’em gokasiB LWwono 3actocyBaHHa TFC y gopoc-
NUX NOMiTPaBMOBAHMX MaLieHTiB — 0COONMBO 3 Pi3HUMM
kateropismu IMT — 3anuwaeTbca obmexeHum [17].

MeTa po60TH — BYBYEHHS KINbKOCTI PiAWHN B rPy4HI
KNiTUi y NauieHTiB 3 noniTpaBMoto, SKi Manu pisHUN iHAeKC
macwm Tina (IMT), i 4o sknx 3acTocoByBanucs pi3Hi Cnoco-
61 po3paxyHKy 060BOI iHdY3iiHOT Tepanii.

MATEPIAAU TA METOAU AOCAIAXEHHA
[o pocnigpxeHHa 6yno BkroveHo 106 nauieHTiB i3

noniTpaBmoto, 060B’A3KOBUM CTPYKTYPHUM KOMMOHEHTOM
sikoi Oyna 3akputa abgomiHanbHa TpaBma. Yci nauieHTu

the interstitium occurs due to pathological increases
in vascular wall permeability under conditions of
massive production of pro-inflammatory mediators [4—6].
Pulmonary capillaries have extremely thin walls, which
on the one hand facilitates efficient gas exchange
between the alveoli and capillaries, but on the other hand,
is consistently associated with increased intravascular fluid
loss through the alveolar-capillary barrier, predisposing to
the development of acute respiratory distress syndrome
(ARDS)[7, 8]. A frequent cause of fluid accumulation in the
pulmonary interstitium is an inadequately high rate of fluid
resuscitation [9]. Traditional liberal crystalloid resuscitation
protocols, which disregard individual differences in body
weight and vascular permeability, are associated with
impaired gas exchange, ARDS, and increased mortality.
A 2025 review highlights that aggressive plasma volume
replacement correlates with a higher incidence of
multiple organ failure and is increasingly being replaced
by personalized, goal-directed «fluid stewardship»
protocols [10]. Similarly, randomized trials in patients with
traumatic hemorrhagic shock demonstrate that restrictive
resuscitation reduces the incidence of coagulopathies and
complications compared to conventional approaches [11],
while acritical 2024 review emphasizes the need
to reassess liberal crystalloid strategies during the early
hours post-trauma [12].

Patients with obesity have lower specific water content
in adipose tissue, and blood flow is slower compared to
that in muscle tissue. Inappropriate scaling of fluid volume
to actual body weight leads to the accumulation of «free»
water in tissues with a smaller distribution compartment
and increases the risk of intrathoracic fluid overload.
A 2022 meta-analysis demonstrated that using ideal body
weight (IBW) to calculate fluid infusion in obese patients
is associated with lower mortality compared to the
«mL x actual body weight» approach [13]. At the same
time, several studies suggest that fluid overload may
be «less harmful» in younger or obese patients but still
requires close monitoring and early «deresuscitation» [14].
Thus, there is still no consensus on the optimal calculation
formula, and large prospective studies are lacking.

Thoracic Fluid Content (TFC) assessment using
electrical bioimpedance is gaining popularity as a rapid and
safe method for detecting intrathoracic hyperhydration.
In cardiology and pediatric intensive care, TFC has
already proven to be a marker of early pulmonary edema
and capillary leak [15], and recent review publications
demonstrate the accuracy and reproducibility of the
method in intensive care unit settings [16]. However,
the body of evidence regarding the use of TFC in adult
polytrauma patients-particularly across different BMI
categories-remains limited [17].

Objective — of the study was to assess the amount
of thoracic fluid in polytrauma patients with different body
mass index (BMI) values who received daily infusion
therapy calculated using various approaches.

MATERIALS AND METHODS OF RESEARCH
The study included 106 patients with polytrauma, all

of whom had closed abdominal injury as a mandatory
structural component. All patients underwent emergency
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Oynun npoonepoBaHi B ypreHTHOMY MOpsiAKy LUMSIXOM na-
napoTtomii. 3anexHo Big BENUYMHW iHOEKCY macu Tina
(IMT) nauieHTiB po3nogineHo Ha YoTVMpW JOChigHi rpynu.
[o nepwoi rpynu ysiwnun 34 nauieHTn 3 HopManbHUMK
nokasuukamu IMT (18,5-24,9 kr/m?), no gpyroi — 36 oci6
i3 HagnuwkoBo Macot Tina (IMT 25-29,9 kr/m?), TpeTio
(n =21) Ta yetBepty (n = 15) rpynu cknanu NaLiEHTN 3 OXu-
piHHsM | ctynens (IMT 30—-34,9 kr/M?), Skum npusHavanu pis-
Hi cxeMun po3paxyHKy [000Boro ob’emy iHGY3iiHOI Tepanii.
Takum YHOM, Oyrno chopMoBaHO YOTMPY AOCHigHI rpynu.

[nsa obrpyHTyBaHHA MiAXOA4IB 4O BM3HAYEHHSA obcsry
iHpy3inHOT Tepanii y nauieHTiB 3 OXMPiHHAM Byno obpaHo
KOHTUHIEHT MNOCTPaXaarnux i3 3aKpuTol TPaBMOLO XMBOTA.
Takuin BUGIp 3yMOBMEHMI TWM, LLIO rOCTpa XipypriyHa nato-
noris opraHiB YepeBHOI MOPOXXHMHU Ta NO3a04EPEBUNHHOMO
NpoCTOpY, SIK MPaBWUIO, CYNPOBOMXYETLCS HEOOXiAHICTO
TPUBANOro napeHTepanbHOro BBEAEHHSI PiOWHW, 3Hau-
HMMKW MaToNOriYHMMK BTpaTamm BHACNIOOK cekBecTpauil
B HAOPSKNi O4epEBUHI, CTIHLI KULLKIBHMKA, XWUPOBIN KMiT-
KOBVMHI MO3a04epeBMHHOMO MPOCTOPY, a TaKoX BTPATOo
PiaVHM Yepes ApEHaKHI CUCTEMUN Ta EKOMMNPECINHI 30HOMN.
BignosiaHo, Taki nauieHTM 4YacTo MoTpebykTb 3HAYHOro
o6cAry iHy3inHOT NIATPUMKN Ta PETEenbHOr0 KOHTPOMO
BOOHO-eneKTporniTHoro 6anaHcy [18].

XapakTepuCTUKN YOTMPLOX Pyn MauieHTiB i3 noniT-
paBMOLo, O CKMady SKoi BXxogumna 3akputa abgomiHanbHa
TpaBma, HaBeaeHo B Tabnuui 1. Y Tabnuui nogaHo NokasHu-
KV reMoanHaMikv Mpy HaaXo4XKeHHi XBOpUX 40 onepaLiiHol,
a TakoX piBeHb remornobiny (Hb) y kpoBi — npu rocnitani-
3auii 4o onepauinHoro 6rioky Ta yepes OfHy rofuHy nicns
npoBedeHHs HAY3iHOI pecycumTauii i3 3aCTOCyBaHHAM
KpUCTanoigHMx nnasmo3amiHHKKIB. [icns 3aBepLUEeHHs no-
Y4aTKOBOro eTany iHysinHoT Tepanii BCi nauieHT oTpumyBa-
N1 TpaHCcdy3ito KOMMOHEHTIB KPOBI: €PUTPOLMTAPHOI Macu
npv 3HrxeHHi Hb < 90 r/n i cBiXXO3aMOpPOXeHOT NnasmMu.

PospaxyHok obcsry iHgy3irnHoi Tepanii B ymoax BIT
NPOBOAMBCS 3a HACTYMHWM MPUHLUUMOM: AN NauieHTiB
1-i, 2-1 Ta 3-i rpyn po6osuin obesr BU3Havanu 3a hopmy-
noto 30 Mn/Kr akTyaneHoi Macu Tina 3 JogaTKoBUM ypa-
XyBaHHSAM MaTONOriYHMX BTpAT piavHu. [Ona xsopux 4-i
rpynu iHgysiriHa Tepanis npu3Havanacsh i3 po3paxyHky Ha
ineanbHy macy Tina (IBW, ideal body weight).

IBW pospaxoByBanu, OpiEHTYOHMCb Ha pekoMeHaaLii
€BpoOnencbkoro ToBapuCTBa iHTEHCMBHOI Tepanii Ta bpu-
TaHCbKOro TopakanbHoro ToeapucTaa [19].

IBW (kr) =50+2,3 % (3picT (cm) /2,54 — 60) ansa vonosikis (1)
IBW (kr) =45,5+2,3 x (3picT (cm) /2,54 — 60) ans xiHOK (2)

Mauientam 4-i rpynu pobosuii ob6car iHdY3iHOT
Tepaniizabe3anevyBanmispospaxyHky40 mn xIBW+nosHa
KOMMNeHcaLis NaTonoriyHnx BTpaT PiganHun.

surgery via laparotomy. Based on body mass index (BMI)
values, patients were divided into four study groups.
The first group included 34 patients with normal BMI
(18.5-24.9 kg/m?); the second group consisted of
36 patients who were overweight (BMI 25-29.9 kg/m?);
the third (n = 21) and fourth (n = 15) groups comprised
patients with class | obesity (BMI 30-34.9 kg/m?), who
received different infusion therapy volume calculation
protocols. Thus, four study groups were formed.

To substantiate the approaches for determining the
volume of infusion therapy in patients with obesity, the
study focused on individuals with closed abdominal
trauma. This choice was based on the fact that acute
surgical pathology of the abdominal and retroperitoneal
organs typically necessitates prolonged parenteral fluid
administration due to significant pathological losses.
These losses result from fluid sequestration in edematous
peritoneum, bowel wall, retroperitoneal adipose tissue,
as well as from fluid loss through drainage systems and
decompression tubes. Consequently, such patients often
require large volumes of infusion support and meticulous
monitoring of fluid and electrolyte balance [18].

The characteristics of the four groups of polytrauma
patients, all of whom had closed abdominal trauma, are
presented in Table 1. The table includes hemodynamic
parameters upon admission to the operating room,
as well as hemoglobin (Hb) levels-both at the time of
hospitalization to the surgical unit and one hour after
infusion resuscitation using crystalloid plasma substitutes.
After completion of the initial stage of infusion therapy, all
patients received blood component transfusion: packed
red blood cells were administered when Hb levels dropped
below 90 g/L, along with fresh frozen plasma.

The calculation of infusion therapy volume in the ICU
was performed according to the following principle: for
patients in Groups 1, 2, and 3, the daily infusion volume
was determined using the formula of 30 mL/kg of actual
body weight, with additional consideration of pathological
fluid losses. For patients in Group 4, infusion therapy was
calculated based on ideal body weight (IBW).

IBW was calculated according to the recommendations
of the European Society of Intensive Care Medicine and
the British Thoracic Society [19]:

IBW (kg) =50 + 2.3 x (height (cm) / 2.54 — 60) for men (1)
IBW (kg) =45.5 + 2.3 x (height (cm) / 2.54 — 60) for women (2)

For patients in Group 4, the daily infusion volume was
administered based on the formula of 40 mL x IBW, along
with full compensation for pathological fluid losses.

Tabnuus 1. XapakTtepucTnka XBOpMX 3 NoniTpaBmoto,
OOHUM 3 KOMMOHEHTIB sIkoi Byna 3akpuTa TpaBMa XUBOTa, Lo BKIOYEHi Ao gocnigxeHHs (M+SD)
Table 1. Characteristics of polytrauma patients with closed abdominal injury included in the study (M+SD)

lpyna 1 Ipyna 2 [pyna 3 pyna 4
Meressrmed T HOpPM. Maca Tifna | Hagnuil. maca Tina OXMPIHHA 1CT. OXUPIHHA 1CT.
Indicator / Group Group 1_ Group_2 _Group 8 _Group 4
Normal weight Overweight Obesity 1st degree | Obesity 1st degree
n=34 n= 36 n=21 n=15
Yonogiku/xiHku / Men/women 29/5 32/4 15/6 10/5
Bik, poku / Age, years 37,97+14,92 38,69+12,90 34,62+12,89 42,53+8,92
3pict, M / Height, m 1,75+0,06 1,74+0,06 1,71+0,07 1,68+0,07
Maca Tina, kr / Weight, kg 70,7945,25 80,0316,24 94,6248,82 90,60+7,64
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lpodoexeHHs1 mabn. 1

Mpyna 1 [pyna 2 [pyna 3 pyna 4
Hokashuk / Fovna HOpPM. Maca Tifna | Hagnuil. maca Tina OXMPIHHA 1CT. OXUPIHHA 1CT.
Indicator / Gfgu Group 1 Group 2 Group 3 Group 4
P Normal weight Overweight Obesity 1st degree | Obesity 1st degree
n=34 n= 36 n=21 n=15

IMT, kr/m? / BMI, kg/m? 23,14+1,10 26,49+1,18 32,13+1,54 32,18+1,53
Mnowa Tina, m? / Body area, m? 1,85+0,10 1,96+0,10 2,12+0,14 2,05+0,12
lneanbHa maca Tina, kr pospaxynkosa 69,70+6,49 68,8316,08 65,99+8,24 62,38+6,36
Ideal body weight, kg estimated
OuiHka AlIS, 6anu / AIS score, points 3,15+0,36 3,11+0,32 3,10+0,44 3,20+0,41
Oujrka ISS, Ganu 27,85£8,10 27,58+8,44 23,5243,75 27,0749,59
ISS score, points
Hb npy Haaxomkerki, r/n 128,848,7 127,8+8,0 127,1418,6 130,147,6
Hb on admission, g/l
Hb yepes 1 roa. piavH. pecycuur., r/n
Hb after 1 hour of fluid resuscitation, g/l 99,4£9,1 100,510,3 102,8+12,3 98,5¢9,8
Cucton. AT, mm Hg 106,9+15,6 106,1£16,7 109,8+11,1 108,0£18.1
Systolic blood pressure, mm Hg
Aiacron. AT, mum Hg 68,78,6 66,8+9,4 70,546,7 67,7£9,8
Diastolic blood pressure, mm Hg
Cepean. AT, mm Hg 81,4£10,9 79,9+11,7 83,6£7,9 81,1£12,5
Mean BP, mm Hg
HacTora nynecy, 0A./x8 NP HAAXOMK. 101,6410,3 100,8+10,1 96,6+11,7 100,6211,0
Pulse rate, units/min at arrival
LIBT, mm H,O
CVT. mm H20 12,65+9,07 10,28+8,61 12,86+5,61 12,00+8,19
Wokosuv inpexc 0,99:0,26 0,99:0,27 0,89:0,16 0,9840,30
Shock index
MopaudikoBaHWIn LLOKOBUI iHOEKC
Modified Shock Index 1,2940,32 1,31+£0,33 1,17+0,21 1,29+0,38

lMpumimka:

3HaVAeHO [OCTOBIPHI PO3BIXKHOCTI MPpW NOPIBHAHHI NOKa3HWKIB Mack Tina, IMT Ta nnoLui noBepxHi Tina y nauieHTiB 3 HOpMasnbHO
1 HAAMMLLKOBOK Macoto Tifa Ta y XBOPUX 3 OXMPiHHAM 060x (3 i 4) rpyn. Mix iHLWMMK noka3HukaMmn po3biKHOCTEN He 3HaNaEeHO.

Note:

statistically significant differences were found in body weight, BMI, and body surface area between patients with normal
and overweight status and those with obesity (Groups 3 and 4). No significant differences were observed in the other parameters.

[ns KiNbKICHOT OLiHKM 3MiH BMICTYy PiOWHW B rpygHin
KNiTUi B Mpoueci NpoBeAeHHs NiKyBaHHA B TEMepiLLHin
Yac LUMPOKO 3aCTOCOBYKOTbCSl ENeKTPUYHI iMnegaHCHi
pocnigpkeHHa. Aopke BOHW He 3B’A3aHi i3 MPOMEHEBMM
HaBaHTaXXeHHSAM, He NoTpebyloTb TPaHCMOPTYBaHHS Nnayli-
€HTa, MiJ Yac SKOro MOXyTb 0OMeXyBaTUCS MOXITUBOCTI
skicHoi LLIBJ1, 3aCTOCYyBaHHSI KMCHIO Ta reMOAMHaMIYHOI

06’ cm ycluenoro komyca
v=1/3%axhx (R Rxr+r)

Electrical impedance measurements are now widely
used for the quantitative assessment of changesin thoracic
fluid content during treatment. These methods are free of
radiation exposure and do not require patient transport,
which may otherwise limit the quality of mechanical
ventilation, oxygen therapy, and hemodynamic support.
Thoracic fluid content is represented by the parameter

Puc. 1. O6uncneHHsi 06’eMy rpyaHoi KniTkU Ha OCHOBI MOAENi YCiIYEHOro KOHyca 3 noAarnbLUMM BUSHAYEHHSIM
BMICTY piAVHM B rpyasix 3a JONOMOrol BUMIPIOBaHHS BEMUYUHU €NEKTPUYHOIO rpyAaHoro imnedaHcy [20, 21]
Fig. 1. Calculation of thoracic volume based on the truncated cone model, followed by determination
of thoracic fluid content through measurement of thoracic electrical impedance [20, 21]
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kopekuii. KinbkiCTb pigvH1 B rpyAaHin KniTui Xxapakrepu-
3ytoTb nokasHukom Thoracic Fluid Content (TFC), skun
BMpaxatTb B YMOBHUX oauHuLUAx Ha 1 Om (1/Q) abo Ha
1 KOm (1/KQ) BENWUYMHN €neKTPUYHOro rpyaHoro imne-
npancy (puc. 1) [20, 21].

[na BU3HAYEHHSA BEMUYMHWU TPYOHOrO ENeKTPUYHOro
iMIeaaHcy Ha LK Ta rpyaHY KIiTKy XBOPUX HaKnaganu Kine-
LieBi EMNeKTpoaY Ta BUKOPUCTOBYBAIM YacTOTy ENeKTPUYHOIO
cTpymy 60 KI'y Ha peorpaci Peokom (XAl-Meguka).

OG’eMm pignHuM B TpygHiAn  KniTUi  po3paxoByBanu
3a hopMynoto:

V=yxv/Zx(R-r), (3)
ne V —o06’eM piavHu B rpyaHin knitui, cms;

Y — ycepedHeHa nMTOMa enekTpuyHa MpOoBIgHICTb
kpoBi = 150 Om*cwm;

v — 06’eM rpygHoi KniTku, cms;

Z — eneKkTpUYHWIA iMnegaHc rpyaHoi knitkn B Omax;

R — pagiyc rpygHoi knitku, wo gopisHioe C / 21;

r — pagiyc wui, Wwo AopiBHIOE ¢ / 2TT;

m—3,14.

PisHnusa (R —r) gonomarae 3MeHWWTU MOXMOKY, Lo
3yMOBJIEHA HASAABHICTIO B FPYOHIl KNiTUi XpebTOBOro CToB-
Oypy, WO Hece AOCUTb 3HAYHUIM BiACOTOK CMOMYyYHOI TKa-
HUHK, gka MicTUTb nuwe 20-30% pianHu Ta Mae nMToMy
eneKkTpu4Hy nposigHicTb nuwe 8,3 Omxcm [11, 12]. Bia-
COTOK BOAM B IPYyAHIN KNiTUi BU3HaYanu 3a hopmynoto:

Bincotok Bogn = 100 x TFC / 06’em rpygHoi kniTku (4)

BMicCT pignHn B rpyaHin KniTui B YMOBHUX OOUHULAX
B po3paxyHky Ha 1 KOm pospaxoByBanu 3a hopMysio:

BwmicT Boam B rpyaHin knitui (1/KQ) = 1000 / Z (5),

Ae Z — enekTpUYHUIM iMnedaHc rpyaHoi knitki B Omax.

JocnigxeHHs BUMKOHyBanu Ha 1-wy, 3-Tio, 5-Ty Ta
7-my [06y Bif OTpUMaHHs TpaBmu B ymoBax BIT.

Mporpamy gocnimkeHHst Byno po3rmsHyTO Ta CXBareHo
Komicieto 3 etk Ta BioeTVKM XapKiBCbKOrO HaLioHanbHO-
ro yHisepcutety imeHi B.H. KapasiHa ([Mpotokon Ne 2 Big
03.10.2021 p.). OokymeHTauis ©yna nigrotoBneHa Bigno-
BIOHO 00 MonoxeHb lenbciHcbkol aeknapadii BcecBiTHBOI
mMeguyHoi acoujauii (1964 p., 3 oHoBneHHsiM 2013 p.), «Mix-
HapOaHMX ETUYHMX HACTAHOB A5 GioMeanyHMX AOCHIAKEHD
3a yyactio noguHn» (CIOMS, 2016), a Takox npuBegeHa
y BiANOBIOHICTE OO0 TakMX MiKHAPOAHWX Ta HauiOHaNbHMX
HOPMAaTVBHO-NPAaBOBUX aKTiB: «KOHBEHLIA npo npasa no-
OvHu | GiomeguumHy» (OB’ego, 1997), Hactanosa ICH-GCP
E6(R2) wwomo HanexHoi KMiHiYHOI npakTukn, PermameHTt
€C 2016/679 (GDPR) 3 nTaHb 3ax1cTy NepcoHanbHUX ga-
HMX, 3aKkoH YkpaiHn «OcHOBM 3akoHOA4aBCTBa YKpaiHu npo
oxopoHy 3aopos’a» Ne 2801-XII Big 19.11.1992 p., 3akoH
YkpaiHu «[po 3axvcT nepcoHanbHux gaHmx» Ne 2297-VI i
01.06.2010 p., Hakaz MO3 Ykpaitun Ne 690 Big 23.09.2009 p.
Ta Hakas MOS Ykpainn Ne 199 Big 22.09.2005 p.

YCi y4acHWKM OCTigKeHHA Haganm nucbMoBy iHdop-
MOBaHy 3rogy Ha y4acTb Y AOCHiIIKEHHI Ta Ha 0O6pobKy
nepcoHanbHUx AaHux. JlikyBanbHO-AiarHOCTUYHI 3axoau
NPOBOAMMUCS 3 JOTPUMaHHAM BMMOI YMHHUX HOpMaTU-
BiB, MpuHUMNIB [0OPOBINbLHOCTI y4YacTi, 3abe3nevyeHHs
KOHiAeHUiHOCTI Ta 6e3nekn nauieHTiB.

Pesynbratv gocnigkeHHst o6pobrneHo 3a JoMoMOorot
BM3HaHWX METOAIB Cy4YaCHOi MaTemMaTU4HOi CTaTUCTUKU
Ta npegcrtaeneHo y Burnagi M+SD (3HayeHHsa cepepn-
HbOI CTAaTUCTUYHOI BEMUYMHY * CTaHA4aPTHE BiAXWUINEHHS).
[nsa BM3Ha4YeHHA AOCTOBIPHOCTI BiAMIHHOCTI pe3ynbraTiB
nepeBipsnu BUBIpkM Ha HopmanbHICTb posnoginy. Mpu

Thoracic Fluid Content (TFC), which is expressed
in arbitrary units per ohm (1/Q) or per kilohm (1/kQ)
of thoracic electrical impedance (Fig. 1) [20, 21].

To measure thoracic electrical impedance, ring
electrodes were placed on the patients’ neck and chest,
and an electrical current frequency of 60 kHz was applied
using the Reokom rheograph (KHAI-Medica).

The volume of fluid in the thoracic cavity was
calculated using the following formula:

V=yxv/Zx(R-=r), 3)
where: V — volume of fluid in the thoracic cavity, cm3;

y — average specific electrical conductivity of blood =
150 Q-cm;

v — thoracic volume, cm3;

Z — thoracic electrical impedance, in ohms;

R — radius of the chest, equal to C / 2m;

r — radius of the neck, equal to ¢ / 2;

m=3.14.

The difference (R - r) helps to reduce the error
caused by the presence of the vertebral column within the
thoracic cavity, which contains a considerable proportion of
connective tissue. This tissue holds only 20-30% fluid and
has a specific electrical conductivity of just 8.3 Q-cm[11, 12].

The percentage of water in the thoracic cavity was
calculated using the following formula:

Water percentage = 100 x TFC / thoracic volume (4)

Thoracic fluid content in arbitrary units per kilohm was
calculated using the formula:

Thoracic fluid content (1/kQ) = 1000 / Z (5)

where Z is the thoracic electrical impedance in ohms.

The study was conducted on days 1, 3, 5, and
7 following the trauma in the intensive care unit (ICU).

The study protocol was reviewed and approved by the
Ethics and Bioethics Committee of V.N. Karazin Kharkiv
National University (Protocol No. 2 dated October 3, 2021).

All documentation was prepared in accordance with the
provisions of the World Medical Association’s Declaration
of Helsinki (1964, with updates in 2013), the International
Ethical Guidelines for Biomedical Research Involving Human
Subjects (CIOMS, 2016), and aligned with the following
international and national regulatory acts: the Convention
on Human Rights and Biomedicine (Oviedo, 1997), the
ICH-GCP E6(R2) guideline on Good Clinical Practice, EU
Regulation 2016/679 (GDPR) on personal data protection,
the Law of Ukraine «Fundamentals of the Legislation of
Ukraine on Health Care» No. 2801-XIl of November 19,
1992, the Law of Ukraine «On Personal Data Protection»
No. 2297-VI of June 1, 2010, as well as Orders of the
Ministry of Health of Ukraine No. 690 dated September 23,
2009, and No. 199 dated September 22, 2005.

All study participants provided written informed
consent for participation and for the processing of
personal data.

Diagnostic and therapeutic procedures were
performed in accordance with current regulations,
adhering to the principles of voluntary participation,
confidentiality, and patient safety.

The study results were analyzed using established
methods of modern statistical analysis and presented as
MxSD (mean * standard deviation).

To determine the significance of differences between
groups, data sets were first tested for normality. For normally
distributed data, analysis of variance (ANOVA) with the
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HOpMarnbHOMY pOo3noAini BUKOPUCTOBYBanu AWChepcin-
HWA aHania 3 NnapameTpuUYHUM KPUTEPIEM MHOXUHHUX
nopiBHaHb Ledde. Mpwu BigCyTHOCTI HOpMarbHOCTI po3-
noginy BUKOPMCTOBYBanNu HenapaMeTpuyHi Kputepii MHO-
XUHHMX nopiBHAHb JaHHa Ta Kpyckana-Yonnica.

PE3YABTATU

Pesynbratv pocnimpkeHHa npeacTtaeneHo B Tabnu-
ui 2. Bxe Ha 1-wy goby gocnimkeHHa noka3Huk TFC
y nauieHTiB 3-i rpynu, TUX XTO MaB OXMUPIHHA Ta OTPUMY-
BaB iHQy3iHY Tepanito i3 3BM4aNHOrO Po3paxyHky, Oys
[OCTOBIpHO GinbLUKMM, HixX y xBopux 1-i, 2-1 Ta 4-i rpynu.
MexaHiuyHnin po3paxyHok obcsAry iHdysii Ha akTyanb-
Ha Macy Tifna B NAUIEHTIB 3 OXMPIHHAM MpuBOAUB 40
HaKOMUYEeHHS PiAVHW B rpyaHin KNiTui. AgXKe XXnupoBa Tka-
HMHa MICTUTb 3HAYHO MEHLUE PIAMHK, HiX, Hanpuknag,
M’'A3M Ta napeHxiMa BHYTPIWHIX opraHie. LLBuakictsb
KPOBOTOKY B XMPOBIiV TKaHWHI TakoX € MeHLUOK. Takum
YMHOM HaOMLLOK PiaVHK, O BBEAEHA NapeHTeparsbHo,

parametric Scheffé post hoc test was used. For data not
normally distributed, the nonparametric Dunn’s test and
Kruskal-Wallis test for multiple comparisons were applied.

RESULTS

The study results are presented in Table 2. Already
on day 1, the TFC value in Group 3 patients-those with
obesity who received infusion therapy based on actual
body weight-was significantly higher than in patients from
Groups 1, 2, and 4.

Mechanical calculation of infusion volume using actual
body weight in obese patients led to fluid accumulation
in the thoracic cavity. This is because adipose tissue
contains substantially less water than, for example,
muscle tissue or the parenchyma of internal organs.
In addition, blood flow in adipose tissue is slower.
As aresult, the excess parenterally administered fluid

Tabnuusa 2. [lnHamika BMICTY pignHW B rpyAHin KNiTui B rpynax gocnimxkeHHs (M+SD)
Table 2. Dynamics of thoracic fluid content in the study groups (M+SD)

Ipyna 1 [pyna 2 Ipyna 3 [pyna 4
Hokastmk / Fovia HOpPM. Maca Tina | HagnuLl. maca Tina OXUPIHHA 1CT. OXUPIHHA 1CT.
Indicator / Gfgu Group 1 Group 2 Group 3 Group 4
P Normal weight Overweight Obesity 1st degree | Obesity 1st degree
n=34 n= 36 n=21 n=15
O6csr iHdyaii, mn / Infusion volume, ml 2124+158 2401+187 2839+265 2495274
EnporenHa Boga, mn / Endogenous water, ml 460+24 490+26 530+35 510£30
O6’em rpyaHoi knitku, cm® / Chest volume, cm?® 9444+791 9855+1031 101791785 9579+805
p 2 [ 3| 1 [ ] 1| [
— 3

Thoracic fluid content (TFC), cm 64474493 67624709 71934583 6668+528
1-wa poba / 1st day
p 2 [ 3| 1 [ 3 | 112 ]4 | [ 3
3-1a go6a / 3rd day 62111473 65161680 72341625 6722+550
p 2 | 3[4 1] 3| 1] 2] 4 1| | 3
5-ta po6a / 5rd day 61521487 64361702 69681568 63571519
p EN [ 3 | 11 2]4 | [
7-ma poba / 7rd day 60571488 63941670 68761566 62561494
P 2 [ 34 1] 3| 1| 2 | 4 1| | 3
0, in i i -
% BOAW B rpyAHIA kniTui, 1-Wa Aoba 68,34+2,26 68,63+1,58 70,69+1,77 69,65+1,39
% water in the chest, 1st day
p EN | 3 | 1 [ 2 | |
3-1a poba / 3rd day 65,841+2,10 66,14+1,48 71,05+2,16 70,23+2,40
p [ 3[4 [ 3[4l 1]2] 1 [ 2 |
5-Ta pnoba / 5rd day 65,20+1,99 65,29+1,52 68,45+1,38 66,43+2,59
p EN | 3 | 1 ]2 4 I
7-ma poba / 7th day 64,16+1,00 64,89+1,21 67,54+1,18 65,35+1,60
p 2 | 3[4 1] 3| 1] 2] 4 1| | 3
BwicT piguHn B rpyaHin knitui, 1/KQ / 1-wa noba
Chest fluid content, 1/KQ / Day 1 37,93+1,51 37,60+1,16 39,14+1,27 38,00+0,97
p [ 3 | | 3 | 11 2]4 I
3-15 noba / 3rd day 36,55+1,41 36,24+1,07 39,34+1,53 38,31+1,32
p [ 3[4 |3 [ a1 ] 2] 1] 2 |
5-ta go6a / 5th day 36,19+1,42 35,78+1,19 37,91+1,17 35,65+0,86
p EN | 3 | 11 2] 4 | [ 3
7-ma poba / 7th day 35,61+0,94 35,55+0,99 37,40+1,19 36,23+1,26
p [ 3 | [ 3 | 1124 I

lMpumimka: CMMBOMOM * NO3HAY€HO HAsBHICTb AOCTOBIPHOI BiAMIHHOCTI NPV MOPIBHAHHI MOKA3HWKIB MK MEBHMMU rpynamMu.
Note: an asterisk (*) indicates a statistically significant difference between specific groups.
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pO3MnoainAeTbCA Ha KOPUCTL IHLLMX OPraHiB Ta TKaHuH. | us
piguHa mMoxe 6yTu 3aliBoto. HakonuueHHs pigvHu B ne-
reHeBOMy iHTepCTULii Bege A0 MOripLeHHS MeXaHiYHUX
BMacTVMBOCTEW NereHb, NoripLIeHHI0 BEHTUMALT Ta BEHTU-
NAuinHO-NepdysinHMX cniBBiAHOLWEHb. Lie Moxe npuBectn
[0 BYHUKHEHHSA AnXanbHOI HegocTaTHOCTI [22].

MokasHuk TFC y xBopux 3-i rpynn 6yB OOCTOBIpHO
GiNbLUNM, HiXXK aHanoriYHUI MOKa3HWK Yy XBOPUX BCIX iH-
LUMX rpyn NPOTAroM BCbOro Yacy AocChniaXeHHs. Bigcotok
BOOW B rpyaHin kniTui y nauienTtis 3-i rpynu OyB OocTO-
BipHO Ginblinm Ha 1-wy [06y, HiX Yy XBOPUX 3 HOpMarb-
HUM IMT Ta XBOpMX 3 HAANULLKOBOK Macot Tina. AKwo
y nauieHTis 3 HopmanbHum IMT Ha 1-wy foby BiH csAras
(68,34 + 2,26)%, ay XBOpPUX 3 HAANULLKOBOK Macol
Tina (68,63 + 1,58)%, TO y nauieHTiB 3-i rpynu BiH B Len
Yyac ctaHosuB (70,69 = 1,77)% (npn 060X MOPIBHAHHAX
P < 0,05). Y nauieHTiB 4-i rpynu BiH JOCTOBIPHO He BiA-
Pi3HABCS Bi4 Takvx MokasHukiB xBopux 1-i Ta 2-i rpynu.
KopoTtkoyacHo Ha 3-Tto Oo0y [OoCnigXeHHs1 BiACOTOK
BOOW B rPyAHiN KNiTui y nauieHTiB 4-i rpynn 6yB gocto-
BipHO GinbLuMM, HiX y xBopux 1-i Ta 2-i rpynu. Ay xBo-
pux 3-i rpynu BiH 3anuwiaBcsa AOCTOBIPHO Ginbwnm o
KiHus obcTtexeHHs. [puyomy Ha 5-Ty Ta 7-my poby
[OCTOBIPHO MepeBULLyBaB BIACOTOK PiOUHW B rPyaHi
KNiTui y xBopux 4-i rpynu. HanpukiHui gocnigpkeHHs Bia-
COTOK BOAM B IPYAHIN KNITLi y XBOPUX 1-i rpynu cTaHOBMB
(64,16 + 1,00)%, y nauieHTiB 2-i rpynu (64,89 + 1,21)%,
TO Y NaLiEHTIB 3 OXUPIHHAM, SKi OTpUMyBanu iHdy3ito
B 3BMYaNHOMY TEeMMi, BiACOTOK PiAVHW B FPYAHIV KMiTLi CS-
rae (67,54 + 1,18)%, wo Takox 6yno 4ocToBipHO binbLue,
HIXK Y XBOPUX 3 OXWUPIHHAM, SiKi OTpUMyBanu piavHy B pe-
CTPUKTUBHOMY pexumi — (65,35 £ 1,60)% — 4-ta rpyna
[OCNIOXKEHHS.

BMmicT pigvHu B rpygHin Knitui B YMOBHUX OAWHU-
uax Ha 1 KOm ogpasy 3 1-i gobu gocnigpkeHHst 6yB go-
CTOBIpHO OBinblUMM Yy XBOPUX 3-i TPynu, HX Yy NauieHTiB
1-i, 2-1 Ta 4-i rpynn. [ns xsopux 1-1 rpynu Len nokas-
HuK ctaHoBuB (37,93 £ 1,51) 1/KQ; anga nauieHTtiB 2-1
rpynn — (37,60 £ 1,16) 1/KQ, a gna xBopux 4-i rpynu —
(38,00 + 0,97) ) 1/KQ. Toai sk y nauieHTiB 3-i rpynu BiH
caras (39,14 £ 1,27) 1/KQ (ans BCix NOpPiBHSAHb 3 3-10 rpy-
noto P < 0,05). Lli cniBBigHOLWEHHS 3anuwanncsa He3miH-
HUMW NPOTArOM BCbOrO Yacy AocnigkeHHs. B kiHui obcTe-
YKEHHS BMICT PiAVMHN B TPYOHIN KNiTUi B YMOBHUX OOUHULISIX
Ha 1 KOwm y xBopux 1-i rpynu ctaHoBuB (35,61 + 0,94)
1/KQ, y xBopux 2-i rpynu 6yB (35,55 + 0,99) 1/KQ, a y na-
uieHTiB 4-i rpynu gopisHioBae (36,23 £ 1,26) 1/KQ, Togi
AK y nauieHTis 3-i rpynu cqaras (37,40 = 1,19) 1/KQ.

OBrOBOPEHHS

OTpuMaHi pesynbrati CBig4aTh MPO HAsBHICTb 3B'A3-
Ky MiXK iHOEKCOM Macu Tina nauieHTiB Ta 3MiHOK KOHLEH-
Tpauii remornobiHy nicns NpoBeAeHHs iHY3iNHOT Tepa-
nii B ypreHTHOMY nepionepauinHomy nepiogi. 3okpema,
y NauieHTiB 3 OXUPIHHAM, sIKMM obcsir iHdysinHoI Tepa-
nii po3paxoByBaBCA Ha akTyarnbHy Macy Tina, Big3Hade-
HO BinbLU BUpaXeHe 3HVKEHHS PiBHA remornobiHy nicns
NpoBedEeHHs PiAVMHHOI pecycuunTauii. Lie moxe cBiguntu
Npo BIiAHOCHE reMoaunioLiiHe nepeBaHTaXeHHd, Lo
noe’si3aHe 3 0COOMMBOCTAMM PO3MOoAiny BOAHOI dpakuii
B OpraHi3mi ocib i3 HagnULLKOBO XMPOBOK Macoko.

becomes redistributed to other organs and tissues, where
it may be unnecessary.

Fluid accumulation in the pulmonary interstitium impairs
the mechanical properties of the lungs, worsens ventilation
and ventilation-perfusion matching, and may ultimately
lead to the development of respiratory failure [22].

The TFC value in Group 3 patients remained
significantly higher than in all other groups throughout the
entire study period.

On day 1, the percentage of water in the thoracic
cavity in Group 3 was significantly higher compared to
patients with normal BMI and those who were overweight.
Specifically, in patients with normal BMI, it was
(68.34 + 2.26)%, and in overweight patients —
(68.63 + 1.58)%, whereas in Group 3 patients it reached
(70.69 + 1.77)% (P < 0.05 for both comparisons).

In Group 4, the percentage of thoracic water content
did not significantly differ from the values observed
in Groups 1 and 2.

On day 3, there was a transient increase in thoracic
water content in Group 4, which became significantly
higher than in Groups 1 and 2. However, in Group 3, this
parameter remained significantly elevated until the end
of the observation period.

On both day 5 and day 7, the percentage of thoracic
water in Group 3 was also significantly higher than
in Group 4.

At the end of the study, the percentage of thoracic
water content was (64.16 £ 1.00)% in Group 1,
(64.89 = 1.21)% in Group 2, and (67.54 + 1.18)% in obese
patients who received conventional-rate fluid infusion
(Group 3). This was also significantly higher than in
obese patients receiving fluid under a restrictive protocol
(Group 4), where it was (65.35 = 1.60)%.

From day 1 of the study, thoracic fluid content
expressed in arbitrary units per kilohm (1/kQ) was
significantly higher in Group 3 patients compared to those
in Groups 1, 2, and 4.

In Group 1, the TFC value was (37.93 + 1.51) 1/kQ;
in Group 2—- (37.60 + 1.16) 1/kQ; and in Group 4 —
(38.00 + 0.97) 1/kQ. In contrast, patients in Group 3 had
aTFC value of (39.14 £1.27) 1/kQ (P <0.05 for all
comparisons with Group 3).

These differences remained consistent throughout the
entire study period.

At the end of the observation, the thoracic fluid
content in Group 1 was (35.61 + 0.94) 1/kQ, in Group 2 —
(35.55 + 0.99) 1/kQ, andin Group 4 —(36.23 + 1.26) 1/kQ,
while in Group 3 it reached (37.40 = 1.19) 1/kQ.

DISCUSSION

The obtained results indicate a relationship
between patients’ body mass index (BMI) and changes
in hemoglobin concentration following infusion therapy
during the urgent perioperative period.

Specifically, in obese patients who received infusion
volumes calculated based on actual body weight,
a more pronounced decrease in hemoglobin levels was
observed after fluid resuscitation. This may reflect relative
hemodilutional overload associated with the distinctive
distribution of the body’s water fraction in individuals with
excess adipose tissue.
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HatomicTb y rpyni, ae obcar iHdysinHoi Tepanii 6ys
CKOPWUroBaHUM 3 ypaxyBaHHAM igeanbHOi Macu Tina
(IBW), cnocTepiranacs MeHLIa BUPAXEHICTb 3HWDKEH-
HS1 KOHLEHTpauii remorrnobiHy, Lo MoXe BKa3yBaTu Ha
OOUiNbHICTE BUKOpUCTaHHA IBW sk Ginbll TO4HOro opi-
EHTVpa Mpu BU3HAYeHHi obcary iHdysiiHoT Tepanii y na-
LiEHTIB 3 OXXKUPIHHAM. Lli cnocTepexeHHst y3rogxyTbes
3 nybnikauissMuy, B SIKUX aKLEHTYETbCS Ha OOMEXeHHi pi-
OVHHOI pecycumTauii B ymoBax nonitpaBmu, 0cobnmeo 3a
HasABHOCTI (paKTopIB, L0 MiABULLYIOTE PU3UK IHTEPCTULIN-
HOI rineprigparauii, Takux siK OXUPIHHSA [3—5].

Kpim yboro, 6yno npogemMoHCTpOBaHO, WO PecTpuK-
TMBHA iH(Py3iNHa TakTUKa, pospaxoBaHa 3a igeanbHo
macoto Tina (IBW), goctoBipHO 3HWXye npupicT Thoracic
Fluid Content (ATFC) y nepwy no6y nicns rocnitanisa-
uii XxBOpUX MpW noniTpaBMi MOPIBHAHO 3i CTaHOAPTHUM
pexumom, ocobnmeo y nauieHtiB 3 IMT = 30 kr/m2. OTpu-
MaHi pe3ynbsTaTv Y3rofKyrTbCa 3 CyYaCHUMM KIiHIYHUMM
Ta eKCnepuMeHTanbHUMU OaHVMW, WO NiATBEPOXKYOTb
nepesarn obmexeHoro ob’emy kpucranoigis sik o nere-
HEBWX, TaK i 4O CUCTEMHUX YCKNa4HEHb.

KoropTHi Ta paHOoMi30BaHi AOCMIAKEHHSA 3a OCTaH-
Hi pOKM 3acBiguuny, WO OOMEXEHHS Mo4aTKoBOI iHAY3il
po < 30 mn/kr 3Hmxye 4actoty ARDS, noniopraHHoi
He[oCTaTHOCTI Ta Koarynonarin y TpaBMOBaHWX NaLieHTIB
[11, 23]. Hawi gani npo meHwwun npupict TFC nigkpinnto-
I0Tb Ui CMOCTEPEXEHHS | AEMOHCTPYIOTb (i3ionoriyHun
MEXaHi3M 3axMCTy NereHb, 3MEHLLUEHHsI iHTpaTopakarb-
Horo «fluid creep» y ¢pasi cMCTEMHOrO 3ananeHHs.

Y XBOPUX 3 OXMPIHHAM FiAPOdOBHICTL XKMPOBOT TKaHU-
HU Ta HWXK4Ya nepdysis NpusBoasaTb OO MEHLIOro ob’emy
po3noainy Ans BOAHOI dopakLii, Wo pobuts ix ocobnueo
YYTNUBUMMK O NEPEeBaHTaXEHHS piguHo. Hawi pesynb-
Tatv npo Ginbwui npupict TFC y ctaHgapTHIN rpyni npu
IMT = 35 kr/m? koperntoe 3 4aHUMU CUCTEMATUYHOTO Ornsaay
npo MiABULLEHY NeTanbHICTb Big NereHeBMX YCKrnagHeHb
came B Ui nigrpyni [24]. Y Ton xe 4ac «napafokc OXwu-
piHHS» Woao BuxkmBaHHSA B OPIT, onncaHui y HU3Li pobiT,
MOXe TMOSICHIOBATUCS CaMe PaHHIM a He KyMYNSiTVUBHUM
HaAMLWKOM €HAOreHHOI PiAVHM; HaLl NPOTOKON Aepecyc-
uuTauii nicnst 24 rog 4acTKOBO HiBEMOBaB Liel edoekxT.

OTxe, pesynbratv OOCMIMKEHHS NiATBEPOXKYOTh He-
obXigHicTb iHAMBIAyanisoBaHOro niaxody A0 iHY3iMHOI
Tepanii y nauieHTiB i3 HaAMIPHOK Macoto Tina Ta OXWUpiH-
HAM. YpaxyBaHHs igearnbHol, a He akTU4HOI Macu Tina
MOXe [O3BOSMIUTU YHUKHYTU HagMIpHOI remoauntouii Ta
MOTEHLINHO 3HU3WUTU PU3MKW MOB’'A3aHi 3 NepeBaHTaXeH-
HAM 00’emMoM.

BUCHOBKHU

3acTocyBaHHA TPaAMUiNHOI cxemu iHpy3inHOI Tepa-
nii — 30 mn % ¢hakTMyHa maca Tina + KoMneHcauis naTto-
NOriYHMX BTPAaT Yy NaUieHTIB i3 NONiTpaBMOK Ta CynyTHIM
OXMPIHHAM NPU3BOAUTL OO0 HAAMIPHOT akyMynsLii pignHu
B rpygHin knitui. JouinbHO BUMKOPUCTOBYBaTU PECTPUK-
TMBHWIA MNpPOTOKON, WO nepenbavae 40 mn x igeanbHa
Maca Tifa + KOMMeHcauis naTonoriyHnx BTpaT, KU 00-
MeXy€e BHYTPILUHBOrPYAHY rineprigpartauiio, Ta Tum ca-
MWUM 3HUXYE PU3NK PO3BUTKY AMXarnbHOI HE4OCTaTHOCTI.

In contrast, in the group where infusion volume
was adjusted according to ideal body weight (IBW),
the decline in hemoglobin concentration was less
pronounced, suggesting that IBW may serve as a more
accurate reference point for determining infusion volumes
in obese patients.

These observations are consistent with published data
emphasizing the importance of limiting fluid resuscitation
in the context of polytrauma, particularly when risk
factors for interstitial hyperhydration, such as obesity,
are present [3-5].

In addition, it was demonstrated that a restrictive
infusion strategy based on ideal body weight (IBW)
significantly reduces the increase in Thoracic Fluid
Content (ATFC) during the first 24 hours after hospital
admission for polytrauma, compared to the standard
regimen-especially in patients with a BMI = 30 kg/m?2.

The results align with current clinical and experimental
evidence supporting the benefits of limiting crystalloid
volumes in preventing both pulmonary and systemic
complications.

Recent cohort and randomized studies have shown
that restricting initial fluid resuscitation to < 30 mL/kg
reduces the incidence of ARDS, multiple organ failure,
and coagulopathies in trauma patients [11, 23].

Our findings of a lower ATFC further support these
observations and illustrate a physiological mechanism
of lung protection through reduced intrathoracic «fluid
creep» during the systemic inflammatory response phase.

In obese patients, the hydrophobic nature of
adipose tissue and reduced perfusion result in a smaller
distribution volume for the aqueous fraction, making them
particularly susceptible to fluid overload.

Our findings of a greater increase in TFC in the
standard treatment group with BMI = 35 kg/m? are
consistent with data from a systematic review indicating
increased mortality from pulmonary complications
specifically in this subgroup [24].

At the same time, the so-called «obesity paradox»
in ICU survival described in several studies may
be explained by early-rather than cumulative-excess
of endogenous fluid; our dereuscitation protocol initiated
after 24 hours may have partially mitigated this effect.

Thus, the results of this study support the necessity
of an individualized approach to infusion therapy
in overweight and obese patients.

Accounting for ideal rather than actual body weight
may help avoid excessive hemodilution and potentially
reduce volume overload-associated risks.

CONCLUSIONS

The use of the traditional infusion therapy regimen —
30mL x actual body weight plus compensation
for pathological losses-in polytrauma patients with
concomitant obesity leads to excessive fluid accumulation
in the thoracic cavity.

It is advisable to apply a restrictive protocol based
on 40 mL x ideal body weight plus compensation for
pathological losses, which limits intrathoracic hyperhydration
and thereby reduces the risk of respiratory failure.
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Prospects for further research

A promising direction is the integration of non-
invasive thoracic fluid monitoring with dynamic volume
responsiveness tests and machine learning—based
predictive models for personalized fluid stewardship.
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