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Ckpbitas win onmbOYHO JUArHOCTUPOBAHHAS AUCHYHKIIUS TOHKOU KUIIKU — OOBIYHOE SIBJIEHKE Y TTAIIUEHTOB
B KPUTHYECKOM COCTOSTHUU. VIHTeCTHHAIBHAS OKCUTEHOTEPAIIM — OJIUH U3 aJIbTePHATUBHBIX Ty TeH HOPMaIU3aIiuu
KOOPAMHUPOBAHHOH akTUBHOCTH rytagikux Mbri JKKT.

Iess uccaenoBanus. OnpenesnThb BAMSHIEC UHTCCTUHAIBHON OKCUTEHOTEPAITNH Y MTAIIMEHTOB € 9HTEPONATUSAMU
KPUTUYECKUX COCTOSTHUI Ha IMHAMUKY MapKepPOB IIPOHUIIAEMOCTH ¥ UIIEMUH KUIICYHOI CTCHKH.

Marepuassi 4 MeTo/ibl. OTKPBITOE TPOCIIEKTUBHOE OITUCATENbHOE nccaenoBanme 12 mareHToB (7 B3pOCTIbIX, 5
JieTell) B KpUTUYECKUX COCTOSIHUSIX € TI0JIMOPTaHHOI HEJIOCTATOYHOCTBIO ¥ OUEBUAHOIL, TGO BEPOSITHOI AuCHYHK-
mueii JKKT. [lequarpudeckuie anueHTsl ObLIN TIPEICTABIECHB IETHMU C BPOXKIEHHBIMU IOPOKAMU CEPAILA, [epe-
HECIIUMU OTIEPATHBHbIE BMELIATEIbCTBA HA OTKPBITOM CEP/IIE € 1EJbI0 X PAJAUKAIbHOU, TUGO0 MaINaTUBHON
KOPPEKIUH.

Pesyabrarer. Ocyi03KHCHUI, CBS3aHHBIX C IPOBEICHUEM MHTECTHHAIBHON OKCUTEHAINNY, He oTMeTnn. Hanpo-
THUB, ee UCIIOJIb30BaHue Y ieTell COBIAJIO C OJIOKUTEIbHON KIMHINYECKOH ANHAMUKON: YCTPaHeHNeM I1ape3a KuIey-
HUKa, HOPMaJU3alueil yCBOeHNs dHTepaabHOro nmutanus. OQHaKo, 0ZIHO3HAYHO MHTEPIPETUPOBATD MOJYYCHHbIC
PEe3yJIbTAThI 3aTPYAHUTEIBHO.

[InasMeHHast KOHIEHTPALUS [IUTPYJUINHA Y leTell — OObeKTUBHBIN MapKep GyHKIMOHAIbHOTO cocTostHust JKKT:
B IIOJABJISAIOIIEM GOJIBUIMHCTBE KOHTPOJIbHBIX TOYEK €T0 YPOBeHb OblT <20 MKMOJIb/J1, UTO O3HAYAET OUEHD TSIKEI0e
nopaskenue kumeynnka. [lnasmennasg konnenrpanns [-FABP B 3HaunTe/IbHOI /10J1€ KOHTPOJIBHBIX TOueK — <100
IIT/MJ1, YTO, HAIIPOTHB, HE MTO3BOJIIET TOBOPUTH O TSIKEJIBIX UIIEMHYECKUX HAPYIICHUSAX KUIIEYHOH CTEHKH.

VY B3pOCJIBIX UCXO/IHAS [JIa3MEHHAS KOHI[EHTPAIUS [[UTPYJIINHA B TIOAABJISIOIIEM OOJIBITMHCTBE KOHTPOJIbHbIX
Touek — <20 MKMOJIb/JI, HO K 5—6 CyTKaM OT Havyajia MHTeCTUHAJIBHON OKCUTEHAIIUU Y OOJIBIINHCTBA ITAIIUEHTOB
6bLra yske >20 MKMOJIb/J1, rocturast >80 MKMOJIb/J1. Koppesisiiiuu Mesk Ly Iia3MeHHbIMY KOHIleHTpaiusivu [-FABP
U IIUTPYJUINHA Y B3POCJBIX HE OTMETHIIH.

Sakmoyenue. VIHTecTHHAIbHAS OKCUTCHOTEPAITNS — TIEPCIIEKTUBHBII TePANeBTUYECKII METO/ TPOMUIAKTUKY
U KOppeKIuu aHTeponarui. MeTo MOKeT 0Ka3aThCst 0COGeHHO 3 hEKTUBHBIM [IPU JIEUeHU Y aHa3POOHON (Hanpu-
mep, CL difficile-acconumupoBantoro kosmTa) uHdekmu. JuarHocTiuyeckast 3SHaYUMOCTb IJIa3MEHHBIX KOHIIEHTPa-
it nutpysuinHa u [-FABP HyskzaeTcs B IOTTOJIHUTEILHOM MTOJITBEPIKICHUH.

Knroueswte crnoga: unmecmunaiviuas OKCuzenomepanus, sHmeponamuit KpumuuecKkux COCMOSIHULL; UUMpPYIium,;
1-FABP

The latent or mist diagnosed dysfunction of the small intestine is a common disorder in critically ill patients. In-
testinal oxygenotherapy is one of the alternative ways to normalize the coordinated activity of the smooth muscles
of the digestive tract.

Purpose of the study. To determine the effect of intestinal oxygenotherapy in patients with enteropathies of
critical conditions on the dynamics of biomarkers of the intestinal wall permeability and ischemia.
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Materials and methods. An open prospective descriptive study of 12 critically ill patients (7 adults, 5 children)
with multiple organ failure and evident or saspected dysfunction of the gastrointestinal tract. Pediatric patients in-
cluded children with congenital heart disease who underwent open-heart surgery for the purpose of radical or pal-

liative correction.

Results. Complications related to the intestinal oxygenotherapy were not observed. On the contrary, its use in
children coincided with the positive clinical dynamics: elimination of intestinal paresis, normalization of digestion
of enteral nutrition. However, it is difficult to interpret the results unambiguously.

Serum citrulline concentration in children is an objective marker of the functional state of the gastrointestinal
tract: in the vast majority of the control points its level was <20 pumol/I; it means a very severe intestinal damage.
Serum I-FABP concentration was<100 pg/ml in a significant number of control points, which, by contrast, does not
allow to talk about the intestinal wall severe ischemic disturbances.

In adults, the initial serum citrulline concentration was <20 pmol/l in the vast majority of control points; but by
days 5—6 after the onset of intestinal oxygenation, in the majority of patients the citrulline levels exceeded >20 pmol/1
(up to =80 umol/1). No correlation between serum citrulline and I-FABP concentrations in adults was found.

Conclusion. Intestinal oxygenotherapy is a promising therapeutic technique for prevention and correction of
enteropathies. The method may appear especially effective in treatment of anaerobic (i.e. CL defficile-assosiated col-
itis) infection. The diagnostic value of plasma citrulline and I-FABP concentrations needs further confirmation.

Keywords: intestinal oxygenotherapy; enteropathy of critical states; citrulline; I-FABP
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BBenenne

JvchyHKIMS  SKeTyIOUHO-KUIIIEYHOTO TPaKTa
(KKT) — tunnynoe sBJeHue y alueHToB B KPUTHYE-
CKOM COCTOSHUU. 32 BPEMsI JICYeHUS B OT/ICJICHUN Pea-
HuManuu 1 uHreHcusHoil repanuu (OPUT) y 59%
MAIMEeHTOB OTMEYAEeTCs, TI0 KpaliHell Mepe, OJTUH CUMII-
toM paccrporicts JKKT, mpossigronmiicss HeriepeHoCu-
MOCTBIO HHTEPAJIBHOTO MUTAHU, KUIIEYHON HEITPOX0-
JIMMOCTBIO, Thapeeii, KpOBOTEUEHUSAMY WJIN UIlIeMUeit
crerku kumku [1]. TIpu aToM 0ObEKTHBHAST OI[EHKA
COCTOSTHUST TOHKOTO KUIIEYHUKA — «TJIyOOKOTO opra-
Hay, TAJIEKOTO OT POTOBOMH TIOJIOCTH, 33JTHETO ITPOX0/IA U
OPIOITHON CTEHKU, — BEChMA CJIOJKHA, UTO PEOTPeie-
JISIET «CKPBITHOCTB» €T0 AUC(hHYHKIIMUA U HEPEIKO OIITH-
GOUYHYI0 ¥ TO3/HIOK JAUATHOCTUKY: Y OGOJIBIIMHCTBA
MAIMEHTOB WINeMUS KUIIEYHUKA PACIIO3HAETCS YiKe
HOCJIE PA3BUTHsI OOMINPHOTO TPAHCMYPAJIbHOTO HEKPO3a
€To CTEeHKH Wi cericuca. [1pm aTom 3amep:kKa Inarto-
CTUKY UIIIEMUU KUTTIEYHUKA Ha 24 yaca CHUKAET BBIKM-
BaeMoCTb Oouibiie, ueM Ha 20% [2, 3].

HecMmoTps Ha TO, 94TO faske CKPBIThIE PACCTPOii-
CTBAa TOHKOTO KUIIEYHIKA MOTYT UMETb KJINHUYECKIE
MOCJIEACTBUSL W BJIUATD Ha IIPOTHO3 3a00JIeBaHUs,
ob1ero noaxoza B aedenuu naumentos OPUT orno-
CUTEJIbHO OlleHKH U Koppekiuu Hapymennii JKKT ne
cymectByet [1]. lyig iuaraocTUKY UIIEMUN KUITIEY-
HUKa TPAJAUIMOHHO TPUMEHSIOT JabopaTopHbIe
MCCJIe/IOBAHMUS, TIPEXK]IE BCETO, — OIEHKY KOHIIEHTpPa-
MU JIAKTATa MIa3Mbl U eUIUTa OCHOBAHWH, TTOJI-
cYeT KOJINYeCTBa JIEHKOIIUTOB B KPOBU. TeM He MeHee,
C TIOMOIIIBIO TOJIBKO ATUX TeCTOB MudpepeHiinpoBarthb
HAIUEHTOB C UIIEMUEN KUIeYHUKa U 0e3 Hee HEBO3-
MOKHO [2, 4]. Jlnarnoctudeckasi 1leHHOCTh METO/IOB
MEIIUIIMHCKON BU3yaJIn3aluy TaKKe OrpaHudeHa nu3-
3a pasHOOOpa3ust IPUUYKH, IPUBOSAIINX K UIIIEMU3a-
nuu crenku Kuirednuka |5—7]. CooTBeTCTBEHHO,
HOTPEOHOCTh B MHBIX MAapKepax UIIEMUU KUIIEYHUKA
(My1a3MEHHBIX X MOYEBBIX ) OCTAETCS BBICOKOM.

Introduction

A gastrointestinal tract (GIT) dysfunction is a
typical phenomenon in critically ill patients. During
the intensive care unit (ICU) treatment, 59% of pa-
tients have at least one symptom of GIT disorders
manifesting with enteral nutrition intolerance, ileus,
diarrhea, hemorrhage or bowel wall ischemia [1]. In
this case, an objective assessment of the small intestine
state , a «deep organ, located far from the oral cavity,
anus and abdominal wall, is very complicated, which
predetermines the «secrecy» of its dysfunction and
often erroneous and late diagnosis. In most patients,
bowel ischemia is diagnosed only after development
of extensive transmural wall necrosis or sepsis. At that,
a 24-hour delay in intestinal ischemia diagnosis re-
duces the survival rate by more than 20% [2, 3].

Despite the fact that even a hidden small intes-
tine disorder may have clinical implications and affect
the disease prognosis, no common approach to the
evaluation and correction of GIT disorders in ICU pa-
tients exists [1]. For the diagnosis of intestinal is-
chemia, laboratory studies are usually used, first of all,
plasma lactate concentration and base deficiency tests,
and the WBC count. However, it is impossible to dif-
ferentiate patients with or without intestinal ischemia
using only these tests |2, 4]. The diagnostic value of
the medical imaging modalities is also limited due to
a variety of intestinal ischemia wall causes [5—7]. Ac-
cordingly, the need for other markers of intestinal is-
chemia (plasmatic and urinary) remains high.

The concentrations of intestinal fatty acids bind-
ing proteins (I-FABP) and citrulline are among poten-
tially useful GIT dysfunction markers. I-FABPs are
small cytosolic proteins released upon the loss of en-
terocytes membrane integrity and excreted with the
urine; they help to distinguish patients with intestinal
ischemia from healthy ones [8—10]. I-FABP values in
plasma and urine were significantly higher in patients
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Cpeny TTOTEHITUATBHO TTOJIE3HBIX MAPKEPOB JIUC-
ynkuun JKKT ykaspiBaloT Ha KOHIIEHTPAIUIO HHTeE-
CTHUHAJIbHBIX OEJIKOB, CBSI3BIBAIOIINX KUPHBIE KICTOTHI
(I-FABP) u uurpysmun. I-FABP — masblie uto30i1n-
HbI€ TIPOTENHBI, 0CBOOOsKIAEMBbIE ITPU YTPaTe IIEJOCTHO-
CTH MeMOpaHbI HTEPOIIUTOB ¥ YAAJISIeMbIE ¢ MO0, —
MOMOTAIOIITIE OTJIMIUTD TTAITMEHTOB € MIIeMUei KAIed-
Huka otT 3710poBbIX [8—10]. I-FABP B mazme u moye
3HAYMMO BBIIIE Y MAIUEHTOB ¢ UIIEMUEH KUITEYHNKA,
YeM Y 37I0POBBIX M3 TPYIIT KOHTPOJS [8, 9.

[uTpy/IsIMH — aMUHOKHUCIOTA, CHHTE3UPyeMast
SHTEPOIUTAMU KUIIEYHUKA U3 TIIOTAMUHA, — TIPeIITe-
CTBEHHUK JIJII CHHTE3a apTUHNHA TouKoil. EcTh ykaza-
HUS, YTO TJIA3BMEHHBIH IUTPYJUIMH — TIPOCTONH U
HaJIe’KHBIIA MapKep GYHKIMOHUPYOIIel MeTabo Tinde-
CKO¥ MacChl 9HTEPOIIUTOB Y JIETEH 1 B3POCIBIX, UMETO-
U IPSIMOE OTHOIIIEHNE K OCTaTOYHOH JTIHE TOHKOM
KUIIKK TPU GOJIE3HSIX KUIeYHUKa (KOPOTKUIT KiTiey-
HUK, OOITUPHbBIE 9HTEPONATHH, CHIeIU(pUIECKoe Topa-
JKeHUe Tocjie XuMuo- u paanoteparun) [11—14], a
TaKKe PAaHHWI MHMKATOP OCTPOTO OTTOPKEHUST ITOCTIe
nepecajiki ToHkoi kumku [15]. Tlokasano, uyro y
MAIMEeHTOB C HOPMAJIBHOM JITMHOM TOHKOH KUIIKH, HO
aTpodueil BOPCUHOK, CBA3aHHOM ¢ ee 3a00/eBaHeM,
YPOBEHbD ITUTPYJIJITHA KOPPETHUPYET C TSKECTHIO U pac-
pocTpaHeHHOCThIO arpodun [16], a Takske oTpaskaer
TIOTJIOTUTEBHYIO CTIOCOOHOCTHIO TOHKON KUK [ 14,
17]. CBs13b MesK/ly HU3KOH TIJIa3MEHHOUN KOHTIEHTPaliu-
eif IUTpyJIIMHA U yTpaToil Gapbeproil pyHKim JKKT
6b1a peanoiokera A. H. Herbers u ap. (2008) [18],
MOKA3aBIINX, YTO MTOCJTE BBICOKOJO3HON XMMHUOTEPA-
MUY HUBKash KOHIEHTPAIUS MUTPYJIMHA B IJIa3Me
cBsI3aHa ¢ bakTeprueMueil 1 KIMHUKO-OUOJOTHYeCKHI-
MU CBHJIETETHCTBAMU MOBPEKIACHUS CJIUUCTON Y
neteit. [IporaocTiyeckast 3HaUMMOCTh KOHIIEHTPAINN
IUTPYJJINHA B TIJIa3Me TMPOJEMOHCTPUPOBAHA U Y
MAIMEHTOB ¢ OCTPBIM MankpeatuToM [ 19]. Kpome Toro,
BBISIBJICHA OTPUIIATEJbHAS KOPPEJISIIUS MEXKIY KOH-
HEeHTpaIUeil MMUTPYJUINHA B MJIa3Me U CHIBOPOTOUHBIM
yposHeM [-FABP; Torna xak ceiBoporounsiii [-FABP
MOJIOKUTETBHO KOPPETUPOBAJI ¢ KITMHUYECKUMU TTPH-
gnakamu guchysrmmu KKT, mkanoit APACHE 1,
KoHIeHTpanueit C-peakrusroro 6eka (CRP) u aym-
TesbHOCTBHIO JledeHnss B OPUT. B utore koHcTatnpo-
BaHO, YTO Y MAITMEHTOB C PUCKOM Pa3BUTHST TOHKOKH-
MeYHON JAMCHYHKIIUM — BCJIEACTBUE CHUCTEMHOTO
BocmajieHns1 1 tunoBosieMun paccrporictBa JKKT
00y CJIOBJIEHBI HEKPO30OM HTEPOIMTOB, OIIEHHBAEMbIM
Ha OCHOBAaHUM MOBbINIeHN TiasMennol [-FABP, u
OCTPBIM COKpaleHueM (PyHKIIMOHUPYIOIIEH MacChl
HTEPOIUTOB, O YeM CYIUJU Ha OCHOBAHWHW HU3KOW
KOHIICHTPAIIVS [IUTPYJIIHA B TIJIa3Me.

OrpaHnveHHbIe KITMHUYECKIE BO3MOKHOCTH KOP-
PEKINU (DYHKIIMOHATBHBIX U OPTAaHNYECKIX HapyTiie-
Huit JKKT npenonpeaesisiior ocTpyo HeoOX0ANMOCTh
MOUCKa cTenndmuecKux MeTo/10B Tepanuu. VHTecTr-
HasbHasg okcureHotepanusg (MO), npeanoxenHas B
npomiioM Beke [20, 21] — oanH M3 aTbTepHATUBHBIX
MyTell HOpMaJTU3aIu KOOPAMHUPOBAHHOI aKTUBHO-

with intestinal ischemia than in healthy individuals
from the reference group [8, 9].

Citrulline is an amino acid synthesized by intes-
tinal enterocytes from glutamine, a precursor for the
synthesis of arginine by the kidney. There are literature
data that plasma citrulline is a simple and reliable
marker of functioning enterocyte metabolic mass in
children and adults having a direct relation to the re-
maining length of the small intestine in patients with
bowel diseases (short intestines, extensive enteropathy
due to specific lesion after chemotherapy and radiation
therapy) [11—14]; it is also an early indicator of acute
small intestine rejection after its transplantation [15].
It has been demonstrated that in patients with a nor-
mal length of the small intestine and with villi atrophy
associated with its disease, citrulline levels correlate
with the severity and extent of atrophy [16], and also
reflect the small intestine absorption capacity [14, 17].
The relation between the low plasma concentration of
citrulline and the loss of the barrier function of the gas-
trointestinal tract was supposed by A. H. Herbers et al.
(2008) [18], who demonstrated that after a high-dose
chemotherapy low concentration of citrulline in
plasma were associated with bacteremia and clinical
and biological evidence of mucosal damage in children.
The prognostic significance of plasma citrulline was
demonstrated in patients with acute pancreatitis [19].
In addition, a negative correlation was found between
plasma citrulline and I-FABP concentration; whereas
plasma I-FABP positively correlated with gastroin-
testinal dysfunction clinical signs, APACHE II scale,
C-reactive protein (CRP) concentration and the ICU
treatment duration. As a result, it was found that in pa-
tients at risk of a small intestinal dysfunction due to
systemic inflammation and hypovolemia, gastrointesti-
nal disorders are caused by enterocyte necrosis esti-
mated based on elevated plasma I-FABP levels and an
acute reduction in the functioning enterocytes mass
confirmed by a low plasma citrulline concentration.

Limited clinical options for the correction of
functional and organic disorders of the gastrointestinal
tract predetermine the urgent need in a search for spe-
cific methods of therapy. Enteric oxygenotherapy
(EO) proposed in the past century [20, 21] is one of al-
ternative ways of normalizing the coordinated activity
of GIT smooth muscles. The results of experimental
and clinical studies demonstrate that the introduction
of low doses of oxygen into the intestine lead to a non-
predictable systemic oxygenation increase [22—31]
and a reduction of cardiac output increased under hy-
poxic conditions as a form of compensation [25], con-
tributes to preservation of the intestinal mucosa
morphological architectonics [32], and promotes GIT
function normalization [27, 30]. Thereby, the identifi-
cation of the mechanisms responsible for the observed
effects of enteric oxygenotherapy appears pathophysi-
ologically and clinically important.

Purpose of the study — to determine the effect
of intestinal oxygenotherapy in patients with en-
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ctu raaakux mei] JKKT. PesysabraTer akcniepruMen-
TAJBHBIX U KJIMHUYECKUX MCCIIEJOBAHNN CBU/ETEIh-
cTBY10T, 4TO BBezienne B JKKT HeBbIcOKMX /103 K1CI0-
pojia TPUBOAUT K HETTPOTHO3UPYEMOMY IO MOIITHOCTH
YBEJIMYEHUIO CUCTeMHOM okcureHanuu [22—31], cuu-
JKEHUIO0 KOMIIEHCATOPHO YBEJIMYEHHOTO B TUTIOKCHYe-
CKHX YCJIOBHSIX CEPAEYHOr0 BhIGpoca [25], criocobeTBy-
eT MOP(hOJOTUIECKON COXPAHHOCTH apXUTEKTOHUKU
CIM3NCTON KUMIeyHnKa [32] n HopMasiusanuu GyHK-
n JKKT [27, 30].

C yueToM M3J05KeHHOTO, BBISIBJIEHNE MEXaHU3-
MOB, OTBETCTBEHHBIX 3a HabJIt01aeMbie 9 ek ThI DHTE-
pPaJIbHOW OKCHUTEHOTEpaIny, MPe/ICTaBASIeTCs aKkTy-
AJbHBIM € TAaTO(MU3NOJOTHIECKON 1 KJIWHUIECKON
TOYEK 3PEHUSI.

[Tesrs — ompesieTMTh BANSHUE MHTECTUHATIbHON
OKCHUTEHOTEpaIrini y MallMeHTOB C 3HTePONaTusIMU
KPUTUYECKUX COCTOSTHUN Ha JAMHAMUKY MapKepoB
MTPOHUTIAEMOCTH ¥ UTIIEMUN KUTIIEYHOH CTEHKH.

MaTepI/IaJI N METO/1bl

[TpoBenenne OTKPHITOTO IPOCIIEKTHBHOTO OMUCATEb-
HOTO uccsegoBanus og00peto pemernuem JIDK. IlanueHTs
WJIH UX TIPEACTABUTENN TOANCHIBAIN HHGOPMUPOBAHHOE
corJacye Ha y4acTue B NCCIIeI0BAHUM.

B nccnenosanme Brmounm 12 manmnentos (7 B3poc-
JIBIX, 5 JleTeil) B KPUTUIECKIX COCTOSTHUSIX C OJTMOPTaHHOM
HezgocratourocTbio (ITOH) 1 oueBuaHOiL, 1160 BEPOATHOI
macynkimeit JKKT (taba. 1). MoTopHO-3BaKyaTOpHBIE Ha-
pymenus JKKT: mapes u B3ayTHe KUIIEYHNKA, HEBO3MOXK-
HOCTh 9HTEPATBHOTO MHUTAHWS W IOCTYIUIEHHE IO
HA30TacTPaIbHOMY 30H/IY 3ACTOWHOTO COEPKIIMOTO paciie-
HUBAJIN B Ka4eCTBe 9HTEPAJIbHOI HeocTaTouHoCcTH. Bee ma-
[MEHTBl  UMEJIN  KJIWHUKO-TabOPATOPHYIO — KapTHHY
CHCTEMHOI BOCIIAJIUTETBHON PEaKIUH.

IleamaTprdyeckne TAIMEHTHl OBLIA TIPEACTABIEHBI
JIeTbMU ¢ BposkieHHbIMU TTopokamu cepia (BIIC), mepenec-
MMM OTlePaTHBHBIE BMEIIATEIbCTBA HA OTKPBITOM CEPAIE C
IEJIBI0 UX PAIUKATLHON JIMOO MAITHATUBHON KOPPEKIIUH.

He BrIIIOYaQIIN B MiCCIeI0BAHE TAIIMEHTOB ¢ abIOMU-
HaJbHOU Tuneprensueil 11 u Gosee crenenu (BB >15 cm
BOL. cT. [33]) u meTell ¢ HEKPOTUUYECKUM IHTEPOKOIUTOM
(H9K) III-1V cragnm.

MO npoBoaumm yepe3 BBeleHHBIH B 12-miepcTHYIO
KMIIKY Kuiieddbld 30Ha («Hyrtputeio6», 8—12 FR.
«B|Braun», Tepmanus). Beeaenue 100% O, y aereii obec-
MeYMBAJIN C TOMOIIBIO HITIpUIleBoro Hacoca («B.Brauny,
Fepmanmnst) nam HU3KOMOTOUYHOTO MHCYhdIIATOPa y B3pOC-
JIBIX MO/l KOHTPOJIEM J[aBJI€HIsI B OPIOMIHON TTOJIOCTH, U3-
MepsieMOro JUCTATBHBIM JTATYNKOM arnmnapara
(pectimpatop «IMO 500», npoussoaurens «O00 Diek-
tpomenobopyaoBanue», Cankr-IlerepOypr, Poccus).
CKOpPOCTb TIOTOKA KUCJIOPOJIA Y JieTeil BapbUpoBaja B Ipe-
nenmax 5—20 mut/gac, y B3pocabix — 5—15 mir/mun. O6bem
BBeJIEHHOTO Ta3a y zereii coctaisan 120—240 miu/cyT, y
B3pocabix — 3—9 si/cyt. B 06uieii caoxkuoctu MO npo-
JIOJKAJN OT 4 710 44 CyTOK.

JIMHAMUKY KIMHUYECKHUX TIPOSIBJICHHI SHTEPOTIATHH
¢dburcuposaau Bo Bpems nposesnennst 1O u B Teuenue 5
IHel mocye ee mpekpamienus. [Ipn Hopmamusanum Mo-
TopHOo-3BakyaTopHoil pyuknnn JKKT (mosBrennn mepu-
CTQJIbTHKH, TPEKPAIIeHNN MOCTYIUIEHUSI 3aCTOIHOTO
CO/IEPIKIIMOTO TI0 HA30TacTPATbHOMY 30HLY Wi (y zeTeil)

teropathies of critical conditions on the dynamics of
the intestinal wall permeability and ischemia markers.

Materials and Methods

An open prospective descriptive study was approved
by the LEC. Patients or their representatives signed the in-
formed consent form to participate in the study.

The study included 12 critically ill patients (7 adults,
5 children) with multiple organ failure (MOF) and the ap-
parent or probable GIT dysfunction (see Table 1). Motor-
evacuation GIT disorders: paresis and bloating, the inability
of enteral nutrition and the flow of stagnant contents along
the nasogastric tube were regarded as enteric insufficiency.
All patients presented a clinical and laboratory picture of a
systemic inflammatory response.

Pediatric patients were represented by children with
congenital heart disease (CHD) who underwent an open-
heart surgery for the purpose of radical or palliative correc-
tion (Table 1).

Patients with abdominal hypertension (intraabdomi-
nal pressure (IAP)>15 cm H,O [33]) of degree IT or a higher
degree and children with necrotizing enterocolitis (NEC) at
IIT or TV stages were not included in the study.

EO was performed through the intestinal probe («Nu-
trityub», 812 FR «B|Braun «, Germany) introduced to
duodenum. The insufflation of 100% O, was carried out
using a syringe pump («B|Braun», Germany) for children or
using a low-flow insufflator incorporated into the respirator
(«<EMO 500», the manufacturer «<EMO Elektromedoboru-
dovanie» Saint-Petersburg, Russia) for adults with the IAP
monitoring measured by the distal sensor of the device. The
oxygen flow rate varied within 5—20 ml/h in children, and
5—15 ml/min in adults. The volume of the introduced gas
was 120—240 ml/day in children, and 3—9 1/day in adult
patients. In total, the EO continued from 4 to 44 days.

The dynamics of enteropathy clinical manifestations
was recorded during the EO and within 5 days after its ter-
mination. After normalization of the GIT motor-evacuation
function (the recovery of peristalsis, gastric stagnant con-
tents flow termination and stomach residual volume de-
crease (in children)) the enteral nutrition was started
through the same tube using a T-socket. The daily amount
of digested food was estimated. Flatulence and recovery of
the stool provided further evidence of the propulsive GIT
function normalization.

Physiological normal range of enteral nutrition in chil-
dren was calculated based on «Normal physiological require-
ments for energy and nutrients for children and teenagers in
the Russian Federation» [34].

The GIT barrier function and enterocytes condition
was assessed on the basis of plasma I-FABP and citrulline
concentrations: studies were performed using frozen plasma
samples stored at -40°C. To assess biomarker concentrations
the laboratory kits Human I-FABP (Hycult Biotech, the
Netherlands) and Human citrulline (CIT) (Immuno Diag-
nostic oy, Finland) were used. Reactions were carried out in
accordance with manufacturers’ guidelines.

The analysis of the assumed reference values of the
studied parameters was performed based on the literature
data. The reference value of I-FABP and citrulline are pre-
sented in Table 2.

Statistical processing and the results presentation.
Statistical analysis of the data was carried out using Mi-
crosoft Excel 2010 and Statistica 7.0 software. The correla-
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Taﬁmma 1. IlaHHbIe O BKJIIOYEHHBIX B HCCJICIOBAaHHE NNAllMCHTAX, ITapaMeTpax WHTECTUHAJIbHOU OKCUTEHAIIHH U €€ KJIH-

HUueckux apdexrax.

Mamuenr, Ne  Iuarnos IMapamertpst 1O, kiuanveckue apdexToi IHTeponarus
Bapocibie
1; MyskumHa, OcTpblil Jeiiko3. Peruaus, mporpeccupoBaHiie. 14 nueit (5—6 a/cyT). Beposithas
34 et XUMHUOPE3UCTEHTHOCTD. ATPAaHYJIOINTO3. AKTHBU3AINS TEPUCTATBTHKN.
ToTanbpHasg THEBMOHUS, TSUKEJIBIIN CEIICHC,
CenTUYeCKUil MoK
2; xxenmuaa,  Cunapom bana-Kuapn. Hnppos mevenn. Acriut 21 nenb (3—4 n/cyT). OueBnnas
48 ner AKTHUBU3AIMS IEPUCTATIBTUKH.
3; My’KUITHA, Bupycuwpiit renatut. [lnppo3s neyenu. 21 nenb (3—4 n/cyr). Beposithas
42 met NmmvynozpedunutHoe coctosame. bakrepnanbHo- AKTHBU3AINS TEPUCTATBTHKN.
rpubKoBbIii cercuc, centrueckuii mok. CIIOH
4; MysKUMHa, lenepanuzoBanusiii atepockiepos, UbC, cocrostiue 4 st (3—4 a/cyT). OueBnnas
65 ner nocsie ABBII, OVIM. Pesexnus 2/3 xxemyaka. AKTHBU3AINS TEPUCTATBTHKN.
lanrpenosusiii xosenucrut. ['HoliHOe paciiaBienue
sabpromunnoil kiaerdarkn. CITOH 3abpiomminas
rematoma [loBTopusie JKKK. Okcrpennas sanaporomus.
5; myskunna,  VBC. Tosropusiit OMM. Kapaunockiepos. [IKMII. 8 nueit (3—4 a1/cyT). Bepostras
68 et Orek serkux. XObJI AXTUBU3AINS TEPUCTATBTUKH.
Orayuen ot UBJL. IlepeBenen
B IPOUIIBHOE OT/IETIEHIE.
6; My>KUITHA, NBC, AKIL, 3 nrynra 8 nueit (7—9 n/cyT). OueBnnas
82 roza Paspenrenne mapesa KUIMIEIHNAKA.
7; mysxumna,  OJLJL, PTIIX kuiednnka TsiKesiblil 9HTEPOKOJIHT. 3 nenenu (3—4 1/cyr). OueBniHast
33 roma Cumxkenue tskectu PTITX.
VicuesnoBenne KpoBH B CTYJIe
Jern
1; neBouka, BIIC: E’KC, nocue Boimosnenus oneparuu Hopsyza. 10 muett (7—10 mu/a; 170—240 mu/cyT). OueBunas
7 mec AKTUBM3AIHS TIEPUCTAIBTUKH.
I[lepeBenena B npoduibHOE OTAEICHUE.
2; TeBouKa, BIIC: Terpama Dasuio, cocrosinue 34 pust (5 mur/a; 120 mur/cyT). OueBnnas
2 mec 10CJIe PAJIMKATIBLHOM KOPPEKIHH. Pazperene mapesa KUIMIEYHIKA.
Yepes 3 s 110C1€ NPEKpalieHns
MO yxynirenne coMaTH4ecKoro
craryca u pazsutine HOK.
BosoGuosrena MO eue na 10 gueii.
3; IeBOUKa, BIIC: AJTA+IMJKII, nocie BbITTOTHEHUST 6 mueit (7 mur/a; 1870 mur/cyT). OueBunas
11 mec paaukanbHoii koppeximu BIIC. Paspenrenne mapesa KUIMIeIHNAKA.
I[lepeBenena B npoduibHOE OTAEICHUE.
4; MQJIbYHK, BIIC: E’KC, nocuie BoimosiHenus cyskuBanust JIA 18 mueit (5—7 mu/4; 120—170 mur/cyr).
1 mec ¢ arpuocerntoctomueii B ycmoBusx MK. Paspenrenne mapesa KUIMIeIHNAKA. OueBnnas
[IepeBesen B IpodUIbHOE OT/E/ICHIE.
5; MaJIbYUK, BIIC: atpesust TK, crenos JIA, mociie HasmoKeHUST 10 mmett. (20 mo/q; 480 mur/cyT). OueBunas
6 jer MobUIINPOBAaHHOTO MIyHTa 110 bireoky-Tayccur. Paspenrenne mapesa KUMIeIHNAKA.

[Tepesesnen B mpoduiIbHOE OT/IE/ICHIE.

Ipumeuanne. 1O — unrectnnanbras okcurenanust; CITOH — curapom nommopranuoit Hepoctatounoct; UBC — nimemmaeckas 6o-
se3ub cepana; ABBIIL — 6udypkamuonroe aopro-6eapentoe myntuposanue; OVUM — octpeiii undapkr muokapia; KKK — sxemy-
nouHo-Kuieynoe kposorevenue; JKMIT — aunararponnas kapauomuonarist; XOBJI — xponndeckast 06¢TpyKTUBHAsE 00JI€3Hb JIETKUX;
AKIII — aoprokoponapuoe myntupoanue; OJIJI — octpbiit mumbobaacTrbiil eiikos; PTIIX — peakiusi «TpaHCIIaHTaT MPOTHB XO-
3sinHay; EJKC — enunbtii skemryrouek cepaua; AJIA — atpesus serounoii aprepun; JIMIKII — nedekt Meskikesy104K0BOI Ieperopo/iKy;
JIA — nerounas aprepust; UK — nekyccrsennoe kpooobpamierne; TK — TpukycrimpaibHblil KanaH.

CHUZKEHUHU OCTaTOYHOTO 0ObeMa B JKeJNyKe) HauMHAIN DH-
TepaJbHOE ITUTAHKe Yepes3 9TOT JKe 30H]] C TIOMOIIIBIO TPOii-
nuka. ONeHrBaIN YCBOCHHDBIIT 0O0bEM TIHTAHUSI 32 CYTKH.
OTxO0:k/IeHNe Ta30B U MTOSIBIEHE CTYJIa CJIYKHUJIH IOTOTHNI-
TeJIbHBIMU CBH/ICTEIbCTBAMI HOPMATM3AIIUH TIPOILYIbCHB-
noit gynkimm KKT.

Dusnosormyeckyo HOPMY SHTEPAIBHOTO TUTAHUS Y
neteii paccunThBasN Ha ocHOBe «Hopm dusnomormuecknx
MOTpeOHOCTEN B 9HEPIUY U TIUTIEBBIX BEIECTBAX /IS IeTell
u nogpocTkoB Poccniickoit Desepanun» [34].

O Gapbeproii pyukin KKT 1 cocTostHum sHTEpOIH-
TOB Cy/INJIN HA OCHOBaHWN N3y4deHns KoHteHTparmii [-FABP
U IUTPYJIMHA: NCCIE0BAHMS BBIIOTHSIN M3 3aMOPOKEH-
HBIX 00PA3IOB TJIa3Mbl MAI[MEHTOB, IHHAMUYECKH 3a0paH-
HBIX, QJIMKBOTHPOBAHHLIX W  OAHKUPOBAHHBIX  [PH

tion analysis was performed by Spearman's rank correlation
and Pearson's correlation. The results were assumed as sta-
tistically different at P<0.05. The results of the study are
presented in the form of graphs, including the numerical val-
ues of the studied parameters.

Results and Discussion

The dynamics of enteral nutrition digestion in
children (Fig. 1) shows that at the baseline 2 of 5 pa-
tients digested <40% of the physiologically normal
amount, and three of them digested <20%. Later,
starting from 2—3 or 6—7 days of observation, the vol-
ume of enteral nutrition in all patients was expanded.
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Table 1. Data on the patients included in the study, EO parameters and its clinical effects.
Patient, No.  Diagnosis EO duration (volume), clinical effects Enteropathy
Adults
1; man, Acute leukemia. Relapse and progression. 14 days (5-6 liters/day). Probable
34 years old Chemoresistance. Agranulocytosis. Total pneumonia, Activation of peristalsis.
severe sepsis, septic shock
2; woman, Bud-Chiari syndrome. Cirrhosis of the liver. Ascite 21 day (3-4 liters/day). Obvious
48 years old Activation of peristalsis.
3; man, Viral hepatitis. Cirrhosis of the liver. Inmunodeficient 21 day (3-4 liters/day). Probable
42 years old condition. Micotic and bacterial sepsis, septic shock. Activation of peristalsis.
MOF
4; man, THD, AMI, generalized atherosclerosis. Post-AFBB 4 days (3-4 liters/day). Obvious
65 years old condition. 2/3 stomach resection. Gangrenous Activation of peristalsis.
cholecystitis. Retroperitoneal tissue purulent melting.
MOF. Retroperitoneal hematoma. Repeated GIT bleeding.
Emergent laparotomy.
5; man, ITHD. Repeated MI. Cardiosclerosis. DCM. 8 days (3-4 liters/day). Probable
68 years old Pulmonary edema. COPD Activation of peristalsis.
Mechanical ventilation discontinuation.
Transferred to the profile department.
6; man, IHD, CABG, 3 shunts 8 days (7-9 liters/day). Obvious
82 years old The intestine paresis resolution.
7, man, ALL, intestine GVHD with a heavy enterocolitis. 3 weeks (3-4 liters/day). Obvious
33 years old Reducing of GVHD severity.
Disappearance of blood in the stool
Children
1; girl, CHD: SVH, condition after Norwood procedure. 10 days (7-10 ml/hr; 170-240 ml/day). Obvious
7 months Activation of peristalsis. Transferred
to the profile department.
2; girl, CHD: Tetrad Fallot, condition after radical correction. 34 days (5 ml/h to 120 ml /day). Obvious
2 months The intestine paresis resolution.
Somatic status deterioration and the NEC
development 3 days after EO termination.
EO renovation for other 10 days.
3; Girl, CHD: PAA + VSD, condition after 6 days (7 ml/h 1870 ml/ay). Obvious
11 months CHD radical correction. The intestine paresis resolution.
Transferred to the profile department.
4; boy, CHD: SVH, condition after PA narrowing 18 days (5-7 ml/hour; 120-170 ml/day).
1 month and atrioseptostomy under AC. The intestine paresis resolution. Obvious
Transferred to the profile department.
5; boy, CHD: TV atresia, PA stenosis, condition after 10 days. (20 ml/h to 480 ml/day). Obvious
6 years old amodified Blelok-Taussig shunt imposition. The intestine paresis resolution.

Transferred to the profile department.

Note. For Table 1 and Fig. 1, 2: EO — intestinal oxygenotherapy; MOF — multiple organ failure; IHD — ischemic heart disease;
AFBB — aorto-femoral bifurcation bypass; AMI — acute myocardial infarction; DCM — dilated cardiomyopathy; COPD — chronic
obstructive pulmonary disease; CABG — coronary bypass graft; ALL — acute lymphocytic leukemia; GVHD — graft-versus-host dis-
eases; SVH — single ventricle of the heart; PAA — pulmonary artery atresia; VSD — interventricular septum defect; PA — pulmonary

artery; AC — artificial circulation; TV — tricuspid valve.

temnepatype -40°C. Bpum ncrorp3oBanbl cTaHAPTHEIE HA-
6opsl Human I-FABP («Hycult Biotech», Huzepaamipr) u
Human citrulline (CIT) («Immunodiagnostic», @urisan-
must). [loctanoBka peaxiiii MpoBoOiNIach B COOTBETCTBUY C
PEKOMEH/IAIUSIMUA U3TOTOBUTEJIEN.

IIpoBenen ananus mnpejmnosaraeMbix pehepeHCcHbIX
3HAYEHMIT MCCTIEeyeMbIX MOoKa3aTeell 110 IaHHbIM JIUTepa-
Typsl. Pedepencurie 3navenunsi [-FABP un murpynnuna
MIPE/ICTABIEHBI B TaOJI. 2.

CTaTHCTUYECKN aHAJIU3 TIOJYYEHHbIX JIAHHBIX T1PO-
Bojun B iporpammax Microsoft Excel 2010 u Statistica
7.0. KoppensimmoHHbIil aHATN3 BBITTOJIHSIJIN METOJIOM PaH-
roBoii koppessiuu CrimpMana, a Tak:ke Koppessimeit [Tup-
cona. /locToBepHBIMU PUHUMAM 3AaKOHOMEPHOCTU TTPHU
<0.05. Pe3ynbTaThl NCCAETOBAHIS TIPEICTABIECHBI B BU/E
rpahuKoB, BKJIOYAIOMNX [IM(PPOBbIE 3HAUEHWS N3YYEHHBIX
roKa3aTeJIeit.

The exception was patient 2 with a very severe heart
failure persisted despite the radical correction of
tetralogy of Fallot; in this case, the increased volume
of enteral nutrition was noted since day 10.

The dynamics of stomach residual volume in
children (Fig. 1, b) shows that at a baseline it ex-
ceeded the introduced food volume in 2 of 5 patients;
in one case, the undigested food constituted 71% of
the initial volume. Later, there was a decrease of the
residual volume of the stomach on the following days
(starting from enteral nutrition beginning): by the
second day — in 3 of 5 patients, by the fourth day —
in one patient, by the seventh day — in one patient
(patient 4 with severe hypoxia due to the systemic
circulation steal syndrome). Complete enteral nutri-
tion uptake was observed in one patient.
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TaGauua 2. Pedepencusie 3nauenusi I-FABP u nurpysuiuna.
Table 2. I-FABP and citrulline reference values.

Reference values Source
Citrulline

30—50 umol/L, irrespective of nutrition state;

<10 pmol/L — an objective threshold for parenteral nutrition beginning at the enteropathy or short intestine 11

20—40 pmol/L 35

34 (27.7; 47.6) pmol /L (Me, upper and lower quartiles) — normal donors;

7.1 (2.3; 11.8) umol /L (Me, upper and lower quartiles) — in sepsis. [36]

26.5 (13,9—43) umol/L in healthy;

15.2 (5,7—28,6) umol/L in the critically ill. [37]

In healthy children (10, 50 and 90 quintile )

6 months — 14; 26; 32 umol /L

2 years — 17; 28; 35 pmol /L

6 years — 23; thirty; 37 umol /L

16 years — 23; thirty; 39 pmol /L [38]

<10 umol/L for patients with diffuse villi atrophy (n=10);

10—20 pmol/L for patients with proximal (duodenal) villi atrophy (n=12);

20—30 umol/L for patients with partial villi atrophy [16]
I-FABP

<65 pg/mL in healthy;

27.4 pg/mL (<20—87) pg/mL in patients with acute abdominal pain;
265.8 (<20—1496) pg/mL in patients with ischemic bowel disease;
>100 pg/mL in patients with mesenteric infarction (n=5);

Not more >100 pg/mL in healthy people [8]
268 pg/mL (in plasma); sensitivity /specificity — 0.68/0.71
551 pg/mL (in urine); sensitivity /specificity — 0.90,/0.89 [39]

1092 (average) pg/mL in severe acute pancreatitis;
84 (average) pg/mL in medium severity pancreatitis;

37 (average) pg/mL in healthy subjects. [40]
2872 (229—4340) pg/mL at proved intestinal ischemia;

1020 (239—5324) pg/mL in the absence of the small intestine ischemia (not statistically significant). [41]
194 pg/mL (in urine) (n=9).

The normal values of I-FABP in the urine are unknown [42]

IIpumeuyanue. Reference values — pedepencubie snauennst; Source — nerounuk; Citrulline — nurpysumm; irrespective of nutrition state —
HE3aBUCHUMO OT COCTOSTHUS TUTanst; an objective threshold for parenteral nutrition beginning at the enteropathy or short intestine — 06b-
eKTUBHBII [IOPOT JIJIsI Hayasia TapEHTEPaJbHOTO MUTAHMS TP SHTEPOIATUH WK KOPOTKOI kuke; upper and lower quartiles — Bepxuwuii u
HuKHAN KBapTuim; normal donors — Hopma y 10HOPOB; in sepsis — npu cericuce; in healthy — y sxoposbix; in the critically ill — y kpuru-
yecknx GospHbIx; children — mereii; quintile — kBanTHIN; months — mecsrpr; years — rozpr; for/in patients with — zist/y nanuenTos c;
diffuse villi atrophy — nuddysnoit arpodueii Bopeun; proximal (duodenal) villi atrophy — npokcumanbroit (yoxeHanbHO) aTpodueit
Bopeut; partial villi atrophy — wactuunoit arpodueii Bopen; acute abdominal pain — octpoii 60sbi0 B skuBOTE; ischemic bowel disease —
WIeMIYeckuM 3a0osieBaHieM KUIIeYHIKa; mesenteric infarction — 6pbikeeynbiM uHbapKkToM; people — smozei; in plasma/ urine — B
iasme,/Moue; sensitivity /specificity — ayBcTBUTEIBHOCTD /CIENMUIHOCTE; in severe acute pancreatitis — MPH TSKEIOM OCTPOM ITaHKPea-
ture; in medium severity pancreatitis — npu nankpearure cpejneii Tskect; subjects — cyGbekTh; at proved intestinal ischemia — npu so-
KazaHHOH wireMun ToHKO# kuiiky; in the absence of the small intestine ischemia (not statistically significant) — npu otcyTeTBUM HIIEMUT
TOHKO# KKK (CTaTUCTUYECKH HeocToBepHO); The normal values — nopMasibHble 3HAaUEHM; are UNKNOWN — HEM3BECTHBI.

PesyabTaThl M 00CYKIEHHE Dynamics of I-FABP and citrulline in children
and adult patients are shown in Fig. 2.

! Fig. 2, a shows that the plasma citrulline level was
aereit (puc. 1, @) AEMOHCTPUPYET, UTO MCXOAHO 2135 | <90 umol/1 in 4 of 5 children during the first ten days;

nanuentos  ycsansaan <40%  puanorornueckoil | ot that in patient 5 (congenital valve disease (CVD): TV
HOPMbI, a Tpoe — <20%. B noc/iesyioniem, HaunHasi ¢o | atresia PA stenosis, condition after applying the modified
2—3 wm 6—7 cyrox nabmonenus, 00beM SHTePab- Blalock—Taussig shunt) it was <10 umol/1 for 5 days,
HOTO IUTAHUA Y BCEX NALMEHTOB pacipsi. VICKmo- | 4 in patients 1 and 3 it dropped below this limit at sev-
"eHNe COCTABII IALMENT 2 ¢ Tsukedleliliiell CepAeatolt | o study points. In patient 4 with severe hypoxia due
HEAOCTATOTHOCTDIO, COXPAHABINCHCA, HECMOTPA Ha | ¢ gystemic circulation steal syndrome, the level of cit-
BBITIOJIHENHYIO PAANKAIbHYI0 KOPPeKInio TeTpanst | 1jline decreased, and in four of the five control points it
a0, y KOTOPOro pacuiupertue 0Gbema sHTEPAIBLHO- | i not exceed 25 pmol/l. There were no significant
ro utanus orvedasm ¢ 10 cyTox. changes of the marker in all patients during the study.
UﬂHHaMHKa OCTaTOYHOrO 00BeMA B KeMyLKe y The dynamics of I-FABP in children (Fig. 2, ¢)
neteii (puc. 1, b) mokasbiBaet, Uro MCXOAHO Y 213 5 | Jemionstrates that the baseline plasma I-FABP level
HAIMEHTOB OH IIPEeBBIIIA/ BBeIeHHBII 00beM ITHTa U, (except patient 5) was >100 pg/ml. At that, in patient
Y OJLHOTO — HEYCBOEHHOE UTAHKE COCTABIAN0 T1% OT | 5 he plasma I-FABP level was 289.7 pg/ml next day
BBe/IeHHOr0 o0beMa. B mocsenyiomem oTMedaercs | afier the EO initiation. During the subsequent 9 days,

JluHamuka yCcBOeHMSI 9HTePaJbHOIO TUTAHUS Y
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Puc. 1. O6beM 9HTEPaIbHOTO IMTAHKS U IMHAMAKA OCTAaTOYHOrO 00beMa Ha (POHE MHTECTHHAJILHONH OKCUTEHALINH Y JIETEH.

Fig. 1. The volume of enteral nutrition and dynamics of residual volume during EO in children.

Note. a — ENV — enteral nutrition volume; b — RV — residual volume.

Ipumeuanue. Ias puc. 1, 2: Patient — nanment; Initially — mcxonno; Days — cytkn. a — ENV — 06beM aHTepaabHOTO TNTAHUS;

b — RV — ocTaTtounblii o6beMm.

CHUZKEHHE OCTATOUHOTO 00beMa JKeTyIKa: y 3-X U3 5-1
MAIMEHTOB KO BTOPBIM CYTKaM, Y OZAHOIO — K YeTBep-
TBIM, Y ZIPYTOTO (TAIUEHT 4 ¢ BBIPAKEHHOI FUITOKCHET,
«00OKpajIbIBAHEM» CHCTEMHOTO KPOBOOOPAIIEHHST) —
MTOJIHOE YCBOEHUE SHTEPAJILHOTO IUTAHUA OTMEYAIOCh
K ceZlbMbIM cyTKaM oT Havaiga MO.

there was a tendency toward decreasing the plasma I-
FABP levels in all patients. The correlation analysis
did not find reliable relationship between the plasma
concentrations of laboratory markers (citrulline and
I-FABP) and the stomach residual contents and the
digested enteral feeding volume.

GENERAL REANIMATOLOGY, 2017, 13; 6

www.reanimatology.com

81



82

DOI:10.15360,/1813-9779-2017-6-74-91

Intensive Care

Serum citrulline

a

Days

Initially| 1 2 3 4 5 6

m=pe= Patient1| 5.56 | 8.95 15.46 19.03

6.84 | 5.83

smges Patient2 | 11.4 12.91

12.67

e Patient 3| 12,93 11.14 17.23 8.35

Patient 4 | 83.82 24.57

15.46 11.65 20.53

empue Patientd| 5.8 37 3.69 | 5.55
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0
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3 6 T 8 i1 12 19

et Patient 1| 10.668 | 10.317 3.633

81.727

st Patient2| 13.08 16.98

29.65 23.31 112,11

st Patient 3| 5.418 4.6 11.11

384.915 289.035

Patient 4|  30.4 100.29 | 122,895 | 271.8 | 275.251

308.046

312,105

w=gm= Patient5| 6.12 33.705 3.82 0.825

7.707 16.321

et Patient 6| 17.23 203.28

79.38

10413 | 79.39

emgus Patient 7

11.14 5.82

5.07

4.3 3.3
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Fig. 2. Dynamic of study indexes during EO in children and adults.

Note. a, ¢ — in children; b, d — in adults.

IIpumeyanue. Serum citrulline — cbIBOpOTOYHBII UTPYILINH; @, ¢ —

Junamuka [-FABP u uurpymivna y nereit u
B3POCJIBIX IIPE/ICTaBJIeHA Ha PUC. 2.

CornacHo mpejicTaBIeHHBIM JIaHHBIM (pUC. 2, a),
y 4-X u3 5-u [ieTeil ypoBeHb HUTPYJIMHA B IJIa3Me B
TeyeHue MePBbIX JeCSTU JHeN okazacs <20 MKMOJIb,/ I,
npuuem y marpenta 5 (BIIC: arpesust TK, crenos
JIA, mocsie HasoxeHud MoAU(PUITMPOBAHHOTO TITYHTA
no Baenoky—Tayccur) on B Teuenue 5 CyTok ObLI

in children — y nereii; b, d — in adults — y B3pocJibix.

The dynamics of citrulline in adults (Fig. 2, b)
shows that in 6 of 7 patients the baseline concentration
of plasma citrulline was <20 umol/l. Subsequently, by
5—6 days, in 5 of 7 patients the plasma citrulline was
>29.6 (maximum 384.9) pmol/l. In one patient the
growth of citrulline levels was observed from the first
EO day. In two patients the plasma citrulline did not
tend to increase remaining at <16 pmol/I.
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Note. a, ¢ — in children; b, d — in adults.

IIpumeyanue. Serum citrulline — ceiBopoTounblii nTpyIMH; @, ¢ — in children — y nereii; b, d — in adults — y B3pocibIx.

<10 mxmoJb/J1, a y nanueHToB 1 u 3 — onyckamucs
HUKe TOTO TIpe/iesia B HECKOJIbKUX TOUKaX UCCIIeI0Ba-
Hud. Y nanuenta 4 Ha ¢oHe BbIPaKEHHON TUTIOKCUU U
«OOKpa/IbIBAHUST» CUCTEMHOTO KPOBOOOPAIIEHUSA KOH-
LEHTPALUsT UTPYJIIMHA CHU3UJIACD, ¥ B YEThIPEX U3
IISTH KOHTPOJIbHBIX TOUYEK He TIPEBBIIIANA 25 MKMOJIb,/JL.
[Tpu aTOM 3aMeTHOI IMHAMUKY MapKepa y BCEX TaIli-
€HTOB 32 BpeMs UCCJIC/IOBAHIS He BBISBUJIM.

The dynamics of plasma I-FABP in adults (Fig. 2, d)
shows that in a considerable part of the control points,
the I-FABP concentration was >100 pg/ml. The max-
imum values were observed in patient 5 by 19 hour
after the EO initiation, which correlated with the in-
crease of ascites and intraabdominal hypertension as
a result of underlying pathology (Bud-Chiari syn-
drome, liver cirrhosis), as well as in patient 4, which

GENERAL REANIMATOLOGY, 2017, 13; 6

www.reanimatology.com



84

DOI:10.15360,/1813-9779-2017-6-74-91

Intensive Care

Junamuka I-FABP y nereii (puc. 2, ¢) cBueress-
CTBYET, UTO UCXOJHAST KOHIIEHTPAIUs TIJITa3MEHHOTO
I-FABP (xpome marmenTa 5) okasanach =100 mr/mir.
[Tpu sTOM y MarimenTa 5 Ha CJIeAYIONINe CYTKU MOCTe
Hauasma MO xonmentparus miasmennoro [-FABP
coctaBuna 289,7 nr/mu. B mocnenyromne 9 nueit
BBISIBJIEH TPEH]I CHIKeHMsT KoHIleHTparnu [-FABP B
IJIa3Me y Beex narueHToB. [Ipu npoBeieHnn KoppeJisi-
IMOHHOTO aHaJM3a HE YCTAHOBJIEHO JOCTOBEPHBIX
B3aMMOCBSI3€il MEK/TY MJIa3MEHHBIMU KOHIIEHTPAITNSI-
M JIaOOPaTOPHBIX MapkepoB (uTpyJuinaa u I-FABP)
U OCTATOYHBIM COJIEPKUMBIM KEJTY/IKA U YCBOEHHBIM
06EMOM 9HTEPATBHOTO TIUTAHUSL.

JluHaMuKa M3MEHEHWST KOHIIEHTPAIUN TIUTPYJI-
JIHA y B3POCJbIX (pHC. 2, b) TOKa3bIBAET, YTO Y 6-11 13
7-1 IAIMEHTOB UCXOIHASI KOHIIEHTPAITUS IIUTPYJITMHA
B TITa3Me okasasach <20 MKMoJb/J1. B mocaemytotem,
K 5—6-M cyTKaMm, y 5-1 U3 7-U NaIUeHTOB IIa3MeHHasT
KOHTIEHTpaIusl IUTPYyJAAnHa ctasa >29,6 (maxcnu-
MaJIbHO — 384,9) MKMOJTB/J1. Y OIHOTO TTallieHTa POCT
KOHIIEHTPAIUN IUTPYJIIMHA OTMeYasIcs ¢ 1-X CyTOK
MNO. V¥ ocraBmmxcs 2-X maneHTOB KOHIIEHTPAINs
UTPYJUINHA HE WMeJIa TEHJIEHIINU K TIOBBINIEHUIO,
ocTaBasich Ha ypoBHe <16 MKMOJTH/J1.

[nnamuka namenenns koutenTpanu [-FABP y
B3pOCHBIX (pHC. 2, d) CBUAETENBCTBYET, UYTO B 3HAUHU-
TEJbHON YacTW KOHTPOJBHBIX TOYEK KOHIICHTPAIIHS
I-FABP 6bi1a >100 rir/mir. [Tpu aToM MakcHMasbHBIE
3HaUYeHUs HAOJI01a/IM y 5-T0 nanuerTa Ha 19-e cyTku
MO, 9To KOPPESUpPOBAJIO C HApACTAaHUEM acIlUTa U
BHYTPUOPIONTHOI IMIIEPTEH3UH B PE3YJIbTaTe OCHOB-
Hoi martosiornm (cuaApoMma bama-Kwapwu, numppos
MeYeHN ); a TAKXKe Y 4-TO MAIMEHTa, 9TO COBIAO TEKY-
MM THOIHBIM paciijiaBjieHreM 3a6poInHHON KJeT-
YaTKW, PEIUJAUBUPYIONIMMU KPOBOTCUECHUSIMU U
YPreHTHBIM abIOMUHAIBHBIM OllEPATHUBHBIM BMella-
TeabcTBOM. Kpome Toro, BeicoKHe TUMPHI OT™MeTan
y 6-To marnenTa Ha 2-e cytku IO — nHavaso paspe-
MIEHUS TTape3a KUIEeYHKA W MOsIBIeHue cTyJa. /]aB-
JieHre B OPIONTHON MOJOCTH Y B3POCJBIX 32 BPEMS
HaOJIo/IeHrs He npeBbimaio 15 ¢M BoaH. cT. (3a
HCKJIIOYEHNEeM 5-TO MalieHTa ¢ CHHAPOMOM bama—
Kuapm).

[IpoBenenHOE WMCCIEMOBAHNME —TPEANOIATAIO
pellieHune IByX 3aj1a4: onpezaesnenne ahpheKToB nHTe-
CTUHAJTBHOW OKCUTEHOTEPATTMH Yy TTAIlMEHTOB C HHTE-
POTATUSIMUA KPUTUYECKUX COCTOSTHUH, & TAKKe aHAJIN3
muarHoctndeckoit s3uaunmoct [-FABP n niurpymm-
Ha, TIO3UIHOHNUPYEMbIX B KauecTBE MapKepoB, 00b-
eKTHUBHO oTpazkaionux coctossare JKKT.

[Ipeskne Bcero, HU y JieTeid, HU y B3POCJBIX HE
OTMEUYEHO OCJIOKHEHUH, CBSA3aHHBIX C TIPOBEICHIEM
MO, nanpoTtus, ee NCNoOIb30BaHNE Y BCEX JIeTEl COB-
MaJi0 C OTYETIMBOU TOJOKUTENbHON KIMHUIECKOM
JIMHAMIKOW — OBICTPBIM CHUIKEHHEM OCTaTOYHOTO
obbeMa JKesyJKa, MOSBJIEHUEM TMEPUCTAIBTHKN U
MOCTENEHHBIM pacliupeHreM 00beMa 9HTePaJIbHOTO
MUTAHWS, KOTOPBINA JOCTUTAJ BO3PACTHBIX PACUETHBIX
nokazatesieil kK 8—19 cytkam ot nHavasna MO. Onnaxo

coincided with the retroperitoneal tissue purulent
melting, recurrent GIT bleeding and urgent abdomi-
nal surgery. In addition, high values were found in pa-
tient 6 on the second day of EO: the time of the
beginning of intestinal paresis resolution and the stool
recovery. The IAP in adults did not exceed 15 c¢cm of
water throughout the observation period (except pa-
tient 5 with Bud-Chiari syndrome).

The study intended to discuss two problems: de-
termination of effects of the intestinal oxygenother-
apy in patients with enteropathies of critical
conditions, and an analysis of the diagnostic signifi-
cance of I-FABP and citrulline positioned as markers
objectively reflecting the GIT state.

First of all, neither the children nor the adults
had any complications related to the EO, on the con-
trary, its use in all children coincided with a distinct
positive clinical dynamics: a rapid decrease of the
stomach residual volume, the recovery of peristalsis
and a gradual increase of the enteral feeding volume
that reached age-specific estimate indicators by the 8-
19 days from the EO initiation. However, it is difficult
to confirm the existence of the cause-effect relation-
ships between these events, or to interpret the results
unambiguously. Despite the fact that all children were
in the cardiosurgical ICU, the types of CHD (CVD)
and the possibilitis of CHD’s radical correction, as
well as the condition severity (severe, very severe,
critical) varied. One can only assume with certainty
that the time of the bowel function restoration is as-
sociated with the severity of its initial damage (past
or ongoing) because it is often impossible to eliminate
the causes related to the underlying pathology.

The citrulline dynamics analysis makes it possi-
ble to consider its plasma concentration in children an
objective marker of the GIT functional state: in the
vast majority of control points, the marker level was
less than 20 umol/L, and often <15 umol/L, which,
according to the literature data, indicates a very severe
bowel disease: mucosal atrophy and decreased func-
tioning enterocytes mass.

The plasma I-FABP concentration, however,
were <100 pg/mL in a great number of control points,
which, based on literature data, did not indicate severe
ischemic disorders of the intestinal wall. In addition,
the trend toward the I-FABP level drop was noted in
all children during 9 days from the EO beginning; it
correlates with the enteral nutrition volume increase
(R=-0.458, P=0.130). A similar correlation with the
plasma citrulline was not found (R=0.258, P=0.441).

In adults, the baseline (before EQ) plasma cit-
rulline concentration was <20 pmol/l in the vast ma-
jority of control points, but by 5—6 days after the EO
beginning in most patients it was >2.9 umol/I reach-
ing >80 pmol/1. In patients 5 and 7, however, despite
good clinical dynamics (normalization of stool, the
volume of enteral nutrition expansion, cessation of the
intestinal bleeding and reduction of the severity of in-
testinal GVHD), an increase of plasma citrulline was
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MOJITBEPK/IATh HAJINYME TPUUYNHHO-CJIECTBEHHBIX
B3aMMOCBSI3€H MEK/Y 9TUMK COOBITUSIMU, JIMOO KaK-
TO WHAYE OJIHO3HAYHO MHTEPIIPETUPOBATD TIOTyYE€HHbIE
pesyJsbTarsl 3arpyaauTenbHo. HecmoTps Ha To, 9TO
Bce petn Haxoauanch B OPUT kapaunoxupyprudecko-
ro ipocuis, Buzsl BITC 11 BO3MOKHOCTD MX pajinKab-
HOW KOpPEKINHM, a TaKkXKe TSKeCTh COCTOSHUS Ha
MOMEHT WCCJIe/0OBaHus (TsKeJIoe, OUeHb TSIKeJoe,
KpuTHYeckoe) pazandanauch. Co 3HAYNTETbHON yBe-
PEHHOCTHIO MOKHO JIUTIIH 1TOJIaTaTh, YTO CPOK BOCCTA-
HOBJIEHUS (DYHKINY KATIIEYHUKA CBSI3aH C TSKECTHIO
€T0 TIOBPEK/IEHUS: COCTOSIBIIIETOCS 1,/ WJTH TEKYTIETO, B
CUJTy HEBO3MOKHOCTH 3a9aCTYIO MTOJTHOTO YCTPaHEHUST
MPWYWH, TIPUCYTITIX OCHOBHOM TIATOJIOTUH.

AHann3 TMHAMWKY IATPYJIMHA TIO3BOJISIET CUU-
TaTh €ro MJIa3MEHHYI0 KOHIIEHTPAINIO y AeTell 00b-
eKTUBHBIM MapKepoM (hyHKITMOHATBHOTO COCTOSTHUS
JKKT: B opasistroriieM OOJIbIIMHCTBE KOHTPOJbHBIX
TOYEK ypOBeHb MapKepa Obl1 MeHee 20 MKMOJIb/JI, a
gacTo — <15 MKMOJIB/JI, 4TO, COTJIACHO TAHHBIM JINTE-
paTypbl, O3HAYaeT OYeHb TSIKEJI0e TOPaskeHne KUTiey-
HUKa — aTpO(UI0 CIUBUCTON U CHUKEHUU MaCCHI
(byHKITMOHUPYIONIIX 9HTEPOITUTOB.

[Imasmennas konnentpanus [-FABP, onnaxo, B
3HAYUTETHHON /I0JIe KOHTPOJIbHBIX ToueK — <100 mr/mur,
YTO, BHOBb ONMPASICh HA JIAHHbIE JINTEPATYPhI, HE TT03BO-
JISIET TOBOPUTD O TSLKEJIBIX UTEMUYECKUX HAPYITEHUSX
KHIIIEeYHOW cTeHKN. Kpome ToTo, TpeH 1 CHUKEHMST KOH-
nerrparu [-FABP B mta3me y Beex zieteii B Teuenve 9
nHei ot Havasia V1O Koppespyer ¢ paciimpeHneM oobe-
Ma suTepabhoro maranus (r=-0,458, p=0,130). Auaso-
TMYHOW KOPPEJISAINN C TIJIA3MEHHOHN KOHIIEHTpalnei
uTpyJiHa He BB (r=0,258, p=0,441).

¥ B3pocabix ncxoaHas (o0 MO) niazmenHas KoH-
HEHTPAIKS [ATPYJINHA B TOAABJISIIONIEM OOJIBITITHCTBE
KOHTPOJIbHBIX TOUEK — <20 MKMOJIb/JI, HO K 5—6-M CyT-
kam oT Havazia MO y GOIBITHHCTBA TTAIIHEHTOB YKe —
>29 MKMOJTB/J1, focturast >80 MKMOJIb/J1. Y 5-T0 1 7-T0
TAIMEHTOB, OJTHAKO, HECMOTPST HA XOPOIIYIO KJINHIYe-
CKYIO TMHAMUKY (HOPMaJIM3aIusl CTyJa, paciiiperne
00beMa 9HTEPATBHOTO TIHTAHMSI, TPEKPAIIEHNsT KPOBO-
TeYeHNs U3 KUIIeYHNKa 1 cHKeHns Tsokectn PTITX
KHUITEYHNKA) POCTA TIITA3MEHHON KOHIIEHTPAITIH TIAT-
py/uinHa He ot™eTwiau. Ilpu atom y 5-ro marmenTa
(rskenag PTIIX kumeynnka) konnenrpauus I-FABP
B TIJTa3Me JIUTITh OHOKpaTHO TipeBbicua 100 nr/Mit.

Haxownert, y B3pocibIX He OTMETUIIN KOPPEJISIITT
MESKTy TIa3MeHHbIMY KoHTieHTparusiMn [-FABP u -
PYJUIMHA: Y OZHOTO M TOTO JKe Tal[eHTa Morjia ObITh
O4YeHb HU3Kasl KOHIleHTparus nutpysumaa u [-FABP —
B ipefiesiax peepeHCHBIX 3HAYCHUI, U HAITPOTUB, OY€Hb
BbIcokas KoHteHTparus [-FABP (cBuzmeTenbcTBO BBIpa-
JKEHHBIX HWINEMUYECKUX TOBPEKICHUI KHUICUHUKA)
COITyTCTBOBAJIAa HOPMAJIbHBIM TIOKA3aTeJISIMU TIITa3MeH-
HOTO IUTPYJIITIHA.

[Tosryyennble HAMU PE3YIBTATHI OTHOCUTETHHO
HEO/THO3HAYHON MarHOCTUYECKOW IeHHOCTN TITa3-
MeHHBIX KoHTleHTparuii [I-FABP n utpynmaa y kpu-
THYECKUX OOJIBHBIX COTJIACYFOTCSI € JAOCTYITHBIMU U

not observed. At that, in patient 5 (severe intestinal
GVHD), the plasma I-FABP concentration exceeded
100 pg/ml only once.

Finally, in adults, no correlation between plasma
I-FABP and citrulline was observed: in one and the
same patient there was a very low citrulline level and
the I-FABP level was within the reference values. On
the contrary, a very high I-FABP concentration (evi-
dence of expressed ischemic intestinal damage) was
accompanied by normal values of plasma citrulline.

Our results regarding the ambiguous diagnostic
value of plasma I-FABP and citrulline in critically ill
patients are consistent with a limited number of pub-
lished data [36]. A. Poole et al. (2015), based on a
study of 15 healthy subjects and 20 critically ill pa-
tients, noted that fasting plasma concentrations of cit-
rulline is neither a marker nor a predictor of glucose
absorption by the small intestine in critically ill pa-
tients [37]. The low predictive accuracy of fasting cit-
rulline concentration was mentioned by J.H. Peters at
al. (2007) [43]. Other authors also did not find a cor-
relation between plasma citrulline and reduced energy
absorption capacity of the intestine in patients with
the enterocytes damage [44—46]. Thus, the plasma
concentration of citrulline is apparently not an accu-
rate marker in critically ill patients due to its complex
metabolism depending on the glutamine availability,
renal dysfunction and the level of systemic inflamma-
tion [12, 47]. Relatively high I-FABP levels in plasma
and urine can be observed particularly after extensive
vascular surgeries and in diseases with intestinal hy-
poperfusion, e.g., NEC [9, 48, 49]. The I-FABP con-
centration in urine significantly increases the
positive/negative likelihood of intestinal ischemia due
to low plasma elimination half-life time of -FABP (11
minutes) and its accumulation in urine [50]. But P.H.
van der Voort et al (2014) noted that the prognostic
value of biochemical tests in critically ill patients with
MOF and suspected bowel ischemia was unknown
and claimed that such biochemical parameters as cre-
atine kinase, lactate dehydrogenase, alanine amino-
transferase could hardly help a doctor in making
clinical decisions about patients with suspected bowel
ischemia; however, they admitted that further study
is necessary for I-FABP [51].

Our findings are in agrrement with data of EE.
Barr et al (2003) found a correlation between low
plasma citrulline levels predicting NO synthesis reduc-
tion with an increased risk of postoperative pulmonary
hypertension and poor clinical outcomes based on the
study of 26 infants with pulmonary hypertension after
CVD correction [52]. Our results are also consistent
with data by G. Piton et al. (2010) that demonstrate
low (<10 umol/L) plasma citrulline concentration in
only 24 of 55 critically ill patients (44%) 24 hours after
ICU admission [53]. However, P. Crenn et al. (2011)
still believe that regular evaluation of plasma citrulline
concentration allows monitoring the bowel function ex-
cepting, however, patients with severe renal failure [11].
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JIOCTaTOYHO HEMHOTOUMCJIEHHBIMU JTUTEPATYPHBIMU
cuzerenbcTBamu [36]. B wactHocTH, A. Poole ¢ coaBr.
(2015), Ha ocHOBaHWU W3ydYeHUs1 15-U 3MOPOBBIX
yesoBeK U 20-u OOJIBHBIX B KPUTHYECKOM COCTOSTHUN
OTMEYalOT, YTO TONIAKOBas TJIa3MeHHasi KOHIIEHTpa-
IUsT TTUTPYJUINHA, BEPOSITHO, HE SIBJISIETCS] HU MapKe-
POM, HM TIPOTHOCTUYECKUM KpHUTEPUEM (DYHKIUU
TOTJIONIEH NS TJIIOKO3BI TOHKOUM KATITKOHN y TAKWX TTaIiH-
eHToB [37]. Ha HM3KYIO MMPOTHOCTHYECKYTO TOYHOCTD
TOIIAKOBOTO IUTPYJIJINHA yKa3biBaloT 1 J. H. Peters ¢
coaBT. (2007) [43]. He mammm KOppessiinu MexKIY
MATPYJJIMHEMUE W CHUKEHHOW 3HepreTUYecKon
HOTJIOTHTENBHOI CITOCOOHOCTHIO KUIEYHUKA Y MAllK-
€HTOB C MOBPEXKIEHUEM HTEPOIUTOB U IPYTHE aBTO-
pbl [44—46]. Takum oOpasoM, TIa3MeHHAs! KOHIIEHT-
pars IUTPYJJINHA, TIO-BUANMOMY, HETOUHBII MapKep
y TAIMEHTOB B KPUTUIECKOM COCTOSTHUH BCJIENICTBHE
€ro CJIOKHOTO MeTaboJIM3Ma, 3aBUCKMOCTH OT JIOCTYTI-
HOCTU TJIOTAMUHA, TOYEUHOU AUCHYHKITUU 1 YPOBHS
cuctemHoro BocmaneHus [12, 47]. OTHocuTesbHO
BBICOKUX KOoHIeHTparuii [-FABP B mmasme u moue
OTMEYaETCsT, YTO OHU MOTYT HaOJIOJAThCS, B YaCTHO-
CTH, TOCJIe OOIIMPHBIX COCYAMCTBIX OINEepPaTHBHBIX
BMEIIATEIbCTB M TPU 0OJIE3HAX ¢ TUnonepdysueit
kuteynnka, Hapumep, HIK [9, 48, 49]. [Ipu atom
konnenTparus [-FABP B Mmoue 3HaunMo yBesmmunBaer
MOJIOKUTETTHHYT0/OTPUIIATETbHYTO BEPOSITHOCTH
HAJIMY ST UIIIEMUW KUTIIEYHUKA B CHITY HU3KOTO BpeMe-
HU 1oJ1yBbIBesieHus 11asmennoro I-FABP (11 munyT)
u ero HakoruteHus B Mode [50]. OxHaxo, P. H. van der
Voort ¢ coast. (2014) oT™MeuaroT, YTO TTPOTHOCTHYIE-
CKOe 3HaYeHHe OMOXMMUYECKUX TECTOB Y MaIlleHTOR
B kpuTnueckoM coctosanu ¢ [IOH u momospeBaemoii
unIeMuel KUIeYHKa HeM3BECTHO W YTBEPK/IAIOT, 4TO
Takue OMOXMMHUYECKUE TTOKa3aTeJu KaK KPeaTUHKH-
HAa3a, JJAKTaTAeruIPOreHasa, alaHnHOBas aMUHOTPaH-
chepasa e/[Ba Jid TOMOTYT BPa4yy B IPUHSTHH KJIMH-
YECKOTO peIleHUus] OTHOCUTEJNbHO TMalMeHTOB C
MOJIO3PEHIEM Ha UTIEMITO KUIIIEYHNKA, OTOBAPUBASICh,
o/1HaKo, 4To 11 [-FABP HeoO6X0MMbI TOITOJTHUTE I b-
Hble uccyepoBanus [51].

B3k oTydeHHbIM HaMU Pe3yJIbTaTaM U BbIBO-
et E E. Barr ¢ coast. (2003), koTopble Ha OCHOBAHUN
uzydeHusi 26 MIaJIEHIIEB C JIETOUHOW TUTIEPTEH3MEH
nocsie koppekinu BIIC Hamim Koppessimo MexLy
HUBKHUM IJIA3MEHHBIM YPOBHEM ITUTPYJITAHA, TPOTHO-
3UPYIONM yMeHbIeHre cuaTe3a NO 1 OBBITIIEHHBIM
PUCKOM TTOCTIE0TIEPAITHOHHON JIETOYHON TUTIEPTEH3H,
U IJIOXUMHU KJanHudeckumu ucxopamu [52]. Corma-
CyfoTcst HalmM pe3yabTarsl U ¢ ganabiMu G. Piton c
coasT. (2010), BpraBusiinMu HU3KYI0 (<10 MKMOIIB/J1)
IIJIa3MEHHYIO KOHIEHTPAIUIO IIUTPYJIIMHA JIMIb Y 24
u3 55 manuenToB (44%) B KPUTHYECKOM COCTOSTHHH
yepes 24 1 iocsie ux nocrymserns B OPUT [53]. Tem
He MeHee, P. Crenn c coasr. (2011) Bce »xe moJaraior,
YTO PeryJsipHasi OlleHKa TJIa3MEeHHOW KOHIIEHTpaIiy
IMUTPYJITMHA TTO3BOJISIET KOHTPOJIUPOBATH (DYHKITHIO
KHUIIEYHUKA 32 UCKJIIOUEHUEM, OJTHAKO, TTAIIMEHTOB C
TSKEJION 1ToYeyHOl HeocTaTouHoCTbIo [11].

M. Hersch et al. has the same opinion (2005),
noting that, under physiological conditions, the
plasma levels of citrulline reflects its synthesis by in-
testinal villi. However, in critically ill patients, there
are two causes of the elevated plasma citrulline con-
centrations. Firstly, a significant extra-intestinal cit-
rulline synthesis from arginine is possible in a systemic
inflammation, and secondly, acute renal failure causes
a decrease in renal synthesis of arginine from cit-
rulline, and it may lead to falsely high concentration
of the latter [54]. In this regard, normal plasma cit-
rulline concentration (=20 umol/L) observed in crit-
ical patients cannot exclude reduced GIT citrulline
synthesis. Finally, reduced glutamine income with
food which is the main citrulline precursor is another
factor of decreased intestinal citrulline synthesis [11].
Thus, the accuracy of plasma citrulline concentration
is confirmed under a variety of chronic and acute con-
ditions of reduced functioning enterocyte mass, but
this marker should be further assessed in ICU patients
with acute renal failure (ARF) and systemic inflam-
mation, which are frequent comorbid conditions [11].

Others, however, believe that despite systemic in-
flammation and ARF in patients with shock, low
plasma citrulline concentration is determined by its re-
duced intestinal synthesis [55, 56]. Other authors did
not find the relationship between plasma citrulline con-
centration and ARF, as well [42, 53, 57, 58]. Moreover,
no correlation was found between plasma citrulline in
patients with or without severe cardiovascular and liver
failure, but a significant relationship between the cit-
rulline concentration and severe acute respiratory dis-
tress syndrome was reported [58].

The presented contradictions may reflect the fact
of coexistence of functioning enterocytes mass acute
reduction and their dysfunction, i.e. evidence of or-
ganic and functional disorders [55, 59, 60]. At that, re-
duced arginine bioavailability due to reduced citrulline
synthesis can partly explain the higher mortality rate.
In critically ill patients, the early depletion of arginine
and citrulline is proportional to the severity of inflam-
mation. In this situation standard enteral feeding for
children may not contain a necessary amount of argi-
nine or its precursors (citrulline and glutamine). In this
context, the need to enrich the therapeutic nutrition
with these amino acids may also depend on the severity
of inflammation. The plasma CRP concentration, a tra-
ditionally used inflammatory response criterion, may
serve a reliable marker of the metabolic changes in sys-
temic inflammation and predict the need for supple-
menting the diet with arginine and citrulline [41].

It is preferable to use balanced enteral immune en-
teral mixture for such substitution therapy, e.g., «Nu-
trikomp Immun» («B.Braun Melsungen AG»,
Germany), having the greatest energy value (136
kcal /100 ml) among so called «Immune»-type mixtures,
the maximum number of glutamine (1,97 g/100 ml), and
arginine in an amount of daily requirement (0.24 g/100
ml), the highest concentrations of vitamins A, C, E, and
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MHaTeHcuBHOE A€ueHUE

B sToM ke kimoue BoickaspiBatores 1 M. Hersch,
¢ coast. (2005), ormMevast, YTO B PUBHOTOTHUECKUX
YCJIOBUSIX TIIA3MEHHBIN YPOBEHD ITUTPYJIMHA OTpa-
JKaeT eTo CHHTe3 BOPCMHKaMHU KuteuyHnka. OxHako, y
MAIeHTOB B KPUTHIECKOM COCTOSTHUN CYTIECTBYIOT
JIBE IPUYWHBI, BBI3BIBAIOIINE TOBBIIIIEHNE KOHIIEHTPA-
WU IUTPYJIJINHA B TJIadMe. Bo-1epBbIX, B yCIOBUSIX
CUCTEMHOTO BOCTIQJIEHUST BO3MOKEH 3HAUMTEIbHBIH
BHEKHUIIIEUYHbBIN CUHTE3 IIUTPYJJTUHA U3 apTUHUHA, a
BO-BTOPBIX, OCTpasl TOYeYHas] HeJOCTAaTOTHOCTD
06yCIOBIMBAET YMEHBINEHNE MOYEYHOTO CHUHTE3a
apTUHWHA W3 IUTPYJUIMHA W MOKET TPUBECTH K
JIOJKHO BBICOKOI KOHIIEHTPAIMH 1oceHero [54]. B
9TOI CBSI3M HOPMaJbHAS MJIa3MEHHAsT KOHIICHTPAITUS
urpysnHa (=20 MKMOJIb/J1), HabJTroaeMast y rmariu-
€HTOB B KPUTHYECKOM COCTOSTHWH, He MOKET NCKJIIO-
YUTh CHIKEeHHBIN cuHTe3 nTpysmmHa B JKKT. Hako-
Hell, yMEeHbIIIeHHEe TTOCTYIIJICHUS TTI0TAMUHA C THTIeH
— TJIaBHOTO MpEeJIecTBeHHNKA IUTPYJIIITHA — €llle
ouH (aKTOp CHIKEHHOTO CHWHTE3a INTPYJIITIHHA
kumegnkoM [11]. Takum o6pa3omM, TOYHOCTD TTa3-
MEHHOI KOHIIEHTPAINY [IUTPYJIJTMHA TTOITBEPKICHA B
PasINYHBIX YCJIOBUSAX XPOHUYECKOTO U OCTPOTO
cokparieHus (QYHKIMOHUPYIOIEH MacChl 9HTEPOIIN-
TOB, OJTHAKO 3TOT MapKep CJeAyeT AOMOJHUTETHHO
ounenutsb y nauuenros OPUT, y xoropbix ocrpas
noueunad HemoctatouyHocTh (OITH) 1 cuctemnoe Boc-
IaJieHue — YacTble COIyTCTBYIoMe cocTossHus [11].

/lpyrue, ogHaKo, CYMUTAIOT, YTO, HECMOTPST Ha
cuctemnoe Bocriasienne n OITH y marmenToB ¢ moxom
WMEHHO CHVZKEHHBIN KUTIIEYHBIN CUHTE3 ITUTPYJIMHA
OTIpeZIeTIsieT €T0 HU3KYIO TITa3MEeHHYI0 KOHI[CHTPAIHTO
[55, 56]. He namm 3aBUCUMOCTH MEKIY MTa3MEHHOMN
KkoH1eHTpanueit utpyssinaa u OITH n gpyrue asTo-
poi [42, 53, 57, 58]. Kak He HaILIN KOPPETSIIINN MEKITY
MJTa3MEHHBIM IIUTPYJIMHOM Y TAIIUEHTOB C TSIKEOMH
CepIeYHO COCYAMCTONH M TEUYeHOYHOH HemoCcTaTod-
HOCTBIO UK 6e3 Hee, OHAKO OOHAPYKUIIH TOCTOBEP-
HYIO CBSI3b MEXAY KOHIIEHTpAalllel IUTPYJIJINHA U
tsmkesim OP/ZIC [58].

[IpencraBieHHBIE TPOTUBOPEYNS, BO3MOSKHO,
OTpaKafoT (PAaKT COBMECTHOTO CYIIECTBOBAHMUS OCTPO-
TO COKpPAIIeHNsT MacChl QYHKITMOHNUPYIONTIX 9HTEPO-
[IUTOB M COOGCTBEHHO UX AMCHYHKIINHU, TO €CTh CBHJIE-
TEJIBCTB,  COOTBETCTBEHHO,  OPTaHUYECKUX U
(DYHKIIMOHATBHBIX HapyieHuii |55, 59, 60]. IIpu atom,
CHUKEHHAsT GMOIOCTYITHOCTH apTHHWHA BCJIEICTBIE
VMEHBIIEHNST CHHTE3a IUTPYJIITMHA MOKET OTYaCTH
00BSICHATH H0JIEE BRICOKYTO JIETATLHOCTD. Y PeaHnMa-
IIMOHHBIX TIAIIMEHTOB paHHee WCTOIIEHWE 3alacoB
ApPruHIHA U IUTPYJIMHA TPOTIOPIIMOHAJIBHBI TSIKECTH
BocTiasieHus. 1lpn aToM cTaHmapTHOE 2HTEpaTbHOE
TUTaHUe JUIST JIeTeil MOJKET He CO/epsKaTh HeOOXOIH-
MOTO KOJTMUECTBA APTUHUHA UJIU €TO TPE/IIIeCTBEHHI-
KOB (IUTPYJIMHA U TJIOTaMUHA), TIPUYEM T0Tpe6-
HOCTh B 0GOTaIeHny 1e4eOHOTO MUTAHUST TAaKUMHU
AMUHOKUCIOTAMU, BEPOSITHO, Takike OOYCIOBIEHA
TsKECThIo BocmaseHus. [1pu aToM mrasmenHast KOH-
nentpanuss CRP — TpaaunmonHo mcmomab3yemoro

B group, carotenoids, and containing 5 types of dietary
fiber (14 g/1) for the normalization of digestion.

Summing up the debate, the G. Piton et al.
(2011) concluded that the sharp reduction of func-
tioning enterocytes mass can occur in the following
cases: 1) small intestine ischemia (shock conditions,
hypoxemia, occlusive mesenteric ischemia), 2) toxicity
(chemo-, radiotherapy) with enterocytes damage and
3) immune injury (acute intestinal GVHD and acute
rejection of small intestine allograft) [35]. In these
cases plasma citrulline concentration must be low and
the I-FABP are high reflecting enterocyte necrosis. On
the other hand, acute enterocyte dysfunction can re-
sult from systemic inflammation or sepsis with proba-
ble mitochondrial dysfunction [55, 56]. In this
situation plasma citrulline should be low, reflecting a
weakened cellular enzyme activity and the concentra-
tion of I-FABP is normal due to the preservation of en-
terocytes. In septic shock, nevertheless, simultaneous
sharp reduction of functioning enterocytes mass and
their dysfunction are possible [35].

Similar hypothesis was put forward by P. Crenn
et al. (2003), suggesting that severe systemic inflam-
mation may have negative effects on the GIT function
(e.g., through the splanchnic hypoperfusion) and re-
duced citrulline synthesis [16].

Another topic of this discussion concerns the am-
biguity of «normals values of the markers cited in the
literature. In particular, the reference values of plasma
amino acid concentrations in healthy children is avail-
able only for venous blood [38], often taken after a
meal, with diverse and non-optimal conditions that
may explain the large discrepancy of values which not
allow to compare them with arterial amino acid con-
centrations obtained under optimal conditions [61]. In
addition, it is important to take into account the pop-
ulation of ICU patients and blood sampling time: in
surgical patients, in most cases, the starting point is the
surgery; whereas in medical ones it is the time between
the disease exacerbation and admission to the ICU.
Uncertainty of this period allows significant changes
in patients’ metabolic status and contributes to the ob-
tained indicators discrepancy [47]. Finally, the plasma
levels of citrulline demonstrates the U-shaped curve
during the ICU stay[53]: if its value is low at ICU ad-
mission, it becomes even lower 1—2 days later and tend
to increase in the survivors a week later [12, 47].

It should be also noted that a range of «normal»
plasma citrulline levels (20—40 umol/1) in patient dis-
playing stable clinical patterns cannot be adapted for the
critically ill patient. If the concentration is very low
(<10 pmol/1), it probably indicates an altered function
of the small intestine; the values between 10 and 20
umol/l may be in the «gray» area for interpretation [62].

In conclusion, it is worth noting another serious
difficulty: the limited availability of automated ion-
exchange chromatography and the duration of lab
tests for markers [63]. New methods of laboratory di-
agnostics allowing to determine plasma citrulline
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Intensive Care

KPUTEpPUs BOCTATUTETHHON PEAKITUN — MOJKET CJIy-
JKUTh XOPOIIMM MapKepoM MeTaboIMYeCKUX M3MeHe-
HUI TPU CUCTEMHOM BOCIAJEHUN U MPeICcKa3aTh
HOTPEOHOCTD B IOMOTHEHUH TTHIIEBOTO PAIlMOHA apI-
HUHOM U IUTPYJATUHOM [41].

Jliig Tako# 3aMecTUTeNHHON Tepannuu MPeoy-
TUTEJbHEE UCIOJIb30BaTh cOaTaHCUPOBaHHbBIE JHTE-
pasibHble UMMYHHBIE CMeCH, HarpuMep, « HyTpukomi
Nmmynnbtity («B.Braun», [epmanus): BblaessA0MINAN-
cs1 Harboubieit (136 kkan/100 mur) cpeau cMeceit
tuma «MIMMyH» aHepreTueckoi 1MeHHOCThIO, MaKCH-
MaJIbHBIM KoJsimdecTBOM Titotamuaa (1,97 /100 M)
U apIUHUHOM B KOJIUYECTBE CYTOUHOU MOTPeOHOCTH
(0,24 v/100 muT), caMBbIMU BEICOKIMHY KOHTICHTPATIHSI-
mu ButamMuaoB A, C, E, rpynmsr B, kapotunonzios, a
TakKe COflepsKaHMeM 5 THIIOB MHUIEBBIX BOJTOKOH (14
T/J) /I HOPMATU3aIy TTAIeBapeHmsl.

[TomwrToxusag atn mebarsl, G. Piton ¢ coasr.
(2011) 3akmovaroT, YTO OCTPOE COKpaAlleHNne MacChl
(OyHKIIMOHUPYIOIINX 9HTEPOIIMTOB MOKET TIPOUI0NTH
B caydasx: 1) umeMuu TOHKOW KUIIKK (TIIOKOBBIX
COCTOSTHUSIX, THTIOKCEMUH, OKKJTFO3UOHHOI Me3eHTe-
pUAJbHOI HIeMUHn), 2) MHTOKCUKAIUU (XUMUO-,
pazuoTepanus) ¢ MOBPEKIeHNEeM SHTEPOITUTOB 1 3)
nMmyHHoro nospexzaenus (ocrpast PTIIX kumeynu-
Ka ¥ OCTPOE OTTOPKEHUE aJTOTPAHCIITIAHTAaTa TOHKOM
kumikn ) [35]. B aTux ciydasx niasMeHHast KOHIIEHT-
pars UTPYJINHA T0JKHA ObITh HU3KOH, a I-FABP
— BBICOKOI, OTpaskast HeKpo3 aHTepornToB. C Apyroi
CTOPOHBI, OCTPast IUCHYHKIIUS IHTEPOIIUTOB MOKET
MPOU3OUTH B Pe3yJIbTaTe CUCTEMHOTO BOCIAJICHUS
WJIN CETICHCa, BOBMOKHO — MUTOXOHIPUAILHON TUC-
dynkiun [55, 56]. Torna nurasmenHast KOHIEHTPAIMS
MUTPYJIIMHA TOKHA OBITH HIU3KOH, OTpaskas ociab-
JIEHHYIO KJIETOUHYTO (DEPMEHTATUBHYIO I€STETHHOCTD,
a xounenrtpamusa [-FABP — mopmambpHON, B cuiy
COXPAaHHOCTHU 9HTEPOIUTOB. [Ipu cenTrmueckom 1moxKe,
TeM He MeHee, BOBMOXKHO OJHOBPEMEHHOE OCTpOe
COKpallleHne U Macchl, (GYHKITUOHUPYIOIUX SHTEPO-
UTOB, U uX auchyHKms [35].

Anamormunyto runiotesy BeisuraioT u P. Crenn ¢
coasT. (2003), moraras, 4To TsKesioe CHCTEMHOE BOCTIa-
JICHWE MOJKET WMETh OTpullaTesibHble a(hdEKTh Ha
dynxmio JKKT (Hanmpumep, uepes CIJIaHXHUYECKYTO
runonepdysuro) v CHIKEHNE CUHTE3a ITUTPYJIHA [ 16].

CaMOCTOATEIbHBINA CIOKET HTOTO 0OCYHKIACHMS
KacaeTcs COMHUTEIbHOCTU «HOPMAJIbHbBIX» 3HAUEHUIA
MapKepOB, MPUBOUMBIX B JINTEPATYPHBIX UCTOUYHMU-
kax. B wactHOoCTH, pechepeHTHBIE 3HAUYEHUS TIJTa3MEeH-
HBIX KOHIIEHTPAINIT aMUHOKHUCJIIOT Y 3/I0POBBIX JIETei
JIOCTYIIHBI TOJILKO /Il BEHO3HO KpoBU [38], yacTto
3abupaeMoii rmocJie mprueMa MuIH, TP PasHOPOAHBIX
U HEOIITUMAJIbHBIX YCJIOBUSX, UTO MOKET OObSICHSITh
6oJIbIIOE PACXOJKACHIE 3HAUEHWIT U He MO3BOJIATH
CPaBHUBATDH UX C apPTEPUATHHBIMU KOHIIEHTPAITUSMU
AMUHOKHUCJIOT, TOJTyYE€HHBIX TIPU ONTUMAJBHBIX YCJIO-
Busix [61]. Kpome Toro, BaskHO TPMHUMAThH BO BHUMA-
Hue nomyJsiuio namedaToB OPUT u Bpemst 3abopa
00pasIoB KPOBU: Y XUPYPIUYECKUX GOJIBHBIX, B 00JIb-

within 30 minutes [64], should make it possible to ob-
tain results almost immediately.

Conclusion

A latent or misdiagnosed small bowel dysfunc-
tion is a common situation in critically ill patients.
Due to the anatomical and physiological features of
the intestinal wall microcirculation and its vulnerabil-
ity in critical conditions, the enteric oxygenotherapy
might represent a promising therapeutic approach to
the enteropathy prevention and correction, especially
in patients with anaerobic flora (i.e. C.difficile—asso-
ciated colitis) that requires validating studies. Because
of the complex metabolism and special kinetics in crit-
ically ill patients, the plasma citrulline level is proba-
bly not as accurate as that in stable patients to
determine the GIT dysfunction. The diagnostic value
of plasma I-FABP needs further confirmation.

MMUHCTBE CIy4YaeB, NCXO[HON TOYKON SIBJISIETCS OTie-
paTUBHOE BMEIATEIbCTBO; TOT/IA KaK Y TepareBTHye-
CKUX — BPeMsI MEKy obocTpeHneM 3abosieBaHus U
noctymsiennem B OPUT. HeonpenenennocTts aToro
MEePUOJIA IOTTYCKAET 3HAYUTETbHbIe U3MEHEHHST MeTa-
GOJIMUECKOTO cTaTyca MAIleHTOB 1 BHOCUT PasHOPO/I-
HOCTh B TloJrydaeMble Tokasatenu [47]. Haxowner,
MJIa3MeHHas KOHTIEHTPaIUs IUTPYJJINHA BO BPeMs
Haxoxaetuss B OPUT onmmceiBaet U-06pasHyto Kpu-
By1o [53]: ecii ero 3HaYeHUs HU3KUE TIPH OCTYTLIe-
Hum B OPUT, To onu craHoBsiTCA ennfe Hike 1—2 1HS
CIYCTS U MMEIOT TEHJIEHIINIO0 K YBEJIUYEHUIO Yepes
HEJIEJII0 Y BBIKUBIIUX O0IbHBIX [12, 47].

K nepeuncieHHoMy HeE0OXOAUMO JOGABUTH, 4TO
JIMATIA30H «HOPMAJTbHOCTU Y TJIA3MEHHOH KOHIIEHTpA-
uu urpyJsuinHa (20—40 MKMOJIB/JT) y «CTabUIbHO-
ro» MalleHTa He MOKET ObITh aflallTUPOBaH JJIs pea-
HUMAIMOHHOTO GosibHOTO. Ecau oueHb Hu3Kas
koHtenTpaiug (<10 MKMOJIb/JT), BEPOSITHO, YKa3bIBa-
€T Ha M3MEHEHHYIO (DYHKIHWIO TOHKOW KHIIKH, TO
3HaveHnst Mexkay 10 m 20 MKMOJTb /7T MOTYT HAaXOUTh-
CsI B «cepoii» 30He i1t nHTepnperaruu [62].

B 3aBepimieHue CTOUT OTMETHTD U €I11€ OJTHO CEPb-
e3HOe 3aTPy/HEHNEe — OTPAaHWUYEHHYIO JOCTYITHOCTD
aBTOMATH3UPOBAHHOI MOHOOOMEHHOII XpoMaTorpa-
by 1 TPOOIKUTETTHHOCTD UCCIIEIOBAHUS MAPKEPOB
[63]. HoBble MeTOmbI TabOPAaTOPHOIT AUATHOCTHKH,
MTO3BOJISIONINE OMpPeNesaTh TIa3MEeHHbIN yYPOBEHb
uurpy/ria B redenne 30 Munyt [64], nagyT Bo3MOXK-
HOCTbH MOJIy4aTh Pe3yJAbTaT MPAKTUYECKHU B PEKUME
PEeaNTbHOTO BPEMEHH.

3akjaoyeHue

CkpbITast Wiin OMUOGOYHO THATHOCTIPOBAHHAS
MCHYHKITNS TOHKOM KUITKH — 00BIYHOE SIBJICHUE Y
MalMeHTOB B KPUTHUEeCKOM cocTossHnu. HTecTn-
HaJbHAsl OKCHUTEHOTepalus, ¢ y4eToOM aHaTOMO-
(busromornyecknx 0co6eHHOCTEN KPOBOOOPATIEHUST
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MHaTeHcuBHOE A€ueHUE

CTEHKM KMIIEYHHUKA M €T0 YA3BUMOCTH NPU KPUTHU-
YECKUX COCTOSTHUSIX, MOJKET OKa3aThCsl IIEPCIIEKTUB-
HBIM TE€PANEBTUYECKUM METOAOM NPODUITAKTHKI 1
KOPPEKIMH SHTEPOIATHH, OCOOCHHO y MAIUEHTOB ¢
aHaspoOHOIT mHbeknueit (Hanpumep, npu CLdiffi-

cile-acconMMPOBAHHBIX KOJUTAX),
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