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MposeaéH 0630p AMTEPATYPHbIX AaHHbIX MO NpobaemaTKe MHTEHCMBHOM Tepanumn aucbanaHca marHua (Mg?*) y aetei v nogpocTtkos. Mouck
nHpopmaumm nposoauaca no 6asam gaHHbix Cochrane Library, PubMed, Science Direct u Medscape ¢ MCnonb30BaHUEM KNIOUYEBbIX CI0B: «MarHui»,
KTUNOMArHUEMMAY, KTUMEPMArHUEMMUAY, KAETU», KMOAPOCTKU», KMHTEHCUBHAA Tepanuay». B 0630p BKAKOYEHbI MCTOYHMKM 33 nocneaHue 10 net
(2014-2024 rr.). KpuTepuamu BKAOYeHUA paboT B 0630p GblAW: HaaMuMe ONUCaHUA MaToreHesa, KAMHUYECKUX NPOABAEHUN U 0COBeHHOCTeN Kop-
pexkummn aucbanaHca Mg2* B NpaKkTUKe AETCKOW MHTEHCMBHOM Tepanuu. Kputepuem mckoueHusa pabot n3 0630pa ABAAAUCH CTaTby, COAEPKaLLME
MHPOPMALMIO MO KAMHUKE U KOPPEKLMM TUNO- U TUNepMarHMemMnn y B3poC/ibiX MaLMeHTOB.

HecmoTps Ha BbICOKYHO pacnpocTpaHéHHOCTb anucbanaHca Mg?* y fetei u NOAPOCTKOB, AaHHOE 3IEKTPO/IMTHOE HapyLLEHWEe YacTo OCTaéTca He-
3aMeyeHHbIM, B TOM YMC/IE U Y MALIMEHTOB PeaHWMaLMOHHOro Npoduns. MMNomarHueMmus BCTPEYAETCA ropasao Yalle U 3aBUCUT OT MPUOBPETEHHbIX
WK FeHETUYECKUX MPUUYUH. KNMHUYECKMEe CUMNTOMbI €€ KpaiHe HecneumduUHbl, 3aTparMBaloT OCHOBHbIE OpraHbl U CUCTEMBI, MPOABNEHMA YAcTO
COYeTaloTCA C TMNOKAAMEMUIA U TMNOKanbLmemmueit. KoppeKuua ocTpoi U TAXKENON TMNOMarHueMmnn y feTei ocyLLecTBAAETCA 33 CHET BHYTPMBEHHOTO
BefieHus maruus cynbdara B fo3e 25-50 mr/Kr. [MnepmarHueMmus BCTPEYaeTca AOCTAaTOYHO PEAKO, B OCHOBHOM Ha GOHE NOYeYHOM HeA0CTaTOYHOCTH
1 UMeeT HecneunpUUecKyo CUMNTOMATUKY. MIHTEHCMBHAA Tepanus BbICOKOM KOHLEHTPaLMn Mg2* ocyLLecTBAseTCA BHYTPMBEHHbBIM BBEAEHWEM [0~
KOHaTa M/IM X10p1Aa KanbLya C napanesbHbiM HazHadeHnem MHGY3MOoHHOM Tepanun. CBOEBPEMEHHan ANarHOCTMKa v edeHmne aucbanaHca Mg 8
NPaKTUKe AETCKON MHTEHCUBHOW TEPanum ABAAETCA BaXKHbIM aCMIEKTOM OKa3aHWA NMOMOLLM TAXKEN060NbHbIM AETAM.
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A review of the literature regarding magnesium (Mg2*) imbalance in children and adolescents in intensive care unit settings was conducted. The
search for relevant information was performed using the Cochrane Library, PubMed, ScienceDirect, and Medscape databases, with keywords such
as "magnesium”, "hypomagnesemia", "hypermagnesemia”, "children", "adolescents", and "intensive care". The review included sources published
over the past 10 years (2014-2024). The inclusion criteria for the review required works to describe the pathogenesis, clinical manifestations, and
correction methods for Mg?* imbalance in pediatric intensive care practice. Articles focusing on the clinical picture and management of hypo- and
hypermagnesemia in adult patients were excluded.

Despite the high prevalence of Mg?* imbalance among children and adolescents, this electrolyte disorder often goes unnoticed, particularly in
intensive care patients. Hypomagnesemia is more common and can arise from acquired or genetic causes. Its clinical symptoms are highly nonspecific
and can affect various organs and systems; these symptoms frequently occur in conjunction with hypokalemia and hypocalcemia. To correct acute and
severe hypomagnesemia in children, intravenous administration of magnesium sulfate is recommended at a dose of 25-50 mg/kg. Hypermagnesemia
is relatively rare, typically occurring in conjunction with renal failure and presenting with nonspecific symptoms. Treatment for high levels of Mg?*
involves the intravenous administration of calcium gluconate or calcium chloride, along with intravenous therapy. Timely diagnosis and treatment of
Mg?* imbalance in pediatric intensive care are crucial for providing adequate care to severely ill children.
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BBEQEHMUE

Mo pacnpocTpaHéHHOCTU MarHuin (Mg?*) ABnseTcA BTOPbIM BHY-
TPUKNETOYHbIM KAaTMOHOM B OpraHu3me yenoseka [1-5]. M3BecTHO, uTo
MOHM3MPOBaHHbI Mg? ydyacTByeT B KoHTposie 6onee yem 300 dep-
MEHTATUBHbIX peaKLmii [1, 5-7]. OH cuMTaeTCa KNOYEBbIM INEKTPOSIU-
TOM AN1A NOAAEPKaHMA NOTEHLUMaNa KNeTOYHON MembpaHbl, BaXKHbIM
KopaKTopom 415 ageHunatumknasel u Na*-K*-apeHuHtpudocdatasbl
(Na*-K*-ATd-a3bl) [6, 8]. ITOT INEKTPONUT TaKKe NOAAEPHKMUBAET YpO-
BeHb BHYTPMKIETOYHOro Kanbuma (Ca**) u kanma (K*) [8, 9]. Mokasa-
HO, uTo Mg?* KOHKypupyeT ¢ Ca** 3a MecTa CBA3bIBAaHMA Ha KNETOUYHbIX
MembpaHax, YTo MMeeT pelualolee 3HaYyeHue AN NoAJepKaHuA
KNETOYHOTO MOTEeHLMANa, a TaKkKe NOMOraeT PeryinpoBaTb BHYTPU-
KNETOYHYIO KOHUEHTpaumto Ca** BMAA Ha NPOLLECChl MbILWEYHOTO Co-
KpatueHua [9].

Mg?* WUrpaeT KM3HEHHO BaKHYI0 PO/b B aKTUBHOM TpaHCMeM-
6paHHOM TpaHCMopTe APYrMX MOHOB, B MPOU3BOACTBE, XPaHEHUU U
MCNONb30BaHMM 3Hepruun [8]. [JaHHbIN 3NEKTPONUT PeryanpyeT CUH-
Tes, XpaHeHMe M TPAHCMOoPT ageHo3nHTpudocdaTa (ATD), BbinONHAET
CYLLECTBEHHYIO PO/ib B PYHKLMOHMPOBAHUM U CTPYKTYpe BENKos, Hy-
KNEeMHOBbIX KMCNOT U MUTOXOHApPWIA [3, 8-10]. Mg?* Heobxogum ans
NOALEPHKAHNA HEPBHO-MbILIEYHOM NPOBOAMMOCTU U GYHKLMOHMPO-
BaHMA CepPAEYHO-COCYAMCTON CUCTEMbI (perynaumm apTepuanbHoro
[aBNeHua), a TakxKe BAMAET Ha PaboTy MMMYHHOM cucTembl [9-13].

OcHoBHOe copepkaHue Mg? B opraHuame (okoso 25 r) Haxo-
AnTCA B KOcTaAX (60%) v, B MeHblLLEeN cTeneHu, B MArKMUX TKaHAX (38%),
n Bcero 1-2% BO BHEKNETOYHbIX Xuakoctax [9, 14, 15]. Hebonbwas
BHEK/IETOYHAA ppaKkuma Mg ceasaHa ¢ 6enkamu Kposu (20-30%) u
CO343€ET NPOYHbIE KOMMAEKCbl C aHMOHaMM, BKAOYaA OUKapboHaT,
umTpart, cynbdat uamn docdar (5-15%) [10]. U3 cbiBopoTOUHOW PpaK-
ummn Mg 6onee nonosuHbI (55-70%) MOHN3MPOBAHO M BUONOTUYECKH
aKktMBHO [14]. B negmaTpuyeckoi NpaKkTUKe KOHLeHTpauua Mg B
CbIBOPOTKE KPOBM ABNAETCA Hanbosiee YacTo UCMONb3YEMbIM TECTOM
[4NA OLEHKM ero YpoBHA, @ HOPMasbHbl pedepeHTHbIN AManas3oH y
peteit coctasnser 0,7-1,0 mmonb/n (3kBuBaneHTHo 1,5-2,0 m3Ks/n
wm 1,7-2,4 mr/an) [5, 8, 16]. OaHaKo HOpMasbHble 3HadeHua Mg
B KpoBM pebEHKA He 06A3aTeNbHO O3HAYAOT afeKBATHbIA YPOBEHb
3TOrO 3/1EKTPO/IUTa B OPraHU3Me, NOCKO/bKY B CbIBOPOTKE KPOBW €ro
coaepaHue coctasnaeT mexee 0,3% [8].

Mg? urpaeT peLllaloLLyto pob B HECKOJbKUX BUOXMMUYECKUX
npoLeccax, BOBNEYEHHbIX B CUHTE3 U MeTabosim3m BuTamuHa D [17].
M3BECTHO, YTO AaHHbIV 31EKTPOSUT aKTMBMPYET BUTaMUH D, KOTopbIV
perynnpyet romeoctas Ca* u pocdara, 4To6bl BAMATL HA POCT M NoA-
ZaepkaHue Koctelt [18]. Bce dpepmeHTbl, KOTopble MmeTabonunsnpytot
BUTamMuH D, TpebytoT Mg?, KoTopbIii AeUCTBYET Kak KodaKTop B dep-
MEHTATUBHbIX PeaKLMAX B NeyYeHu 1 nodkax [18]. Mg?* TakKe cnocob-
CTBYeT BcacbiBaHMio Ca?* B KuwweyHuKe [19].

HecMoTps Ha BaKHble GYHKLMM STOrO SNEKTPOANUTA B AETCKOM
opraHusme, aucbanaHc Mg?* He BCeraa CYMTAETCA KAMHUYECKU BaX-
HbIM paKTOPOM pUcKa (No cpaBHeHuto ¢ ancbanaHcom Na* v K*) npu
MHOIUX KPUTUYECKMX COCTOAHMAX, B CBA3M C YEM €0 YacTo Ha3blBa-
0T «3abbITbiM anekTponmuTom» [1, 20]. MOMMMO 3TOro, CUMNTOMbI
y AeTeN U NOAPOCTKOB, CBA3aHHble ¢ aucbanaHcom Mg, TpyaHo
otaedepeHLMpoBaTb OT APYrMX HEOT/IOMHbIX MaTONOrMYECKMX CO-
CTOSHUI M MEeTaboNIMYECKMUX HAPYLLEHW, B pe3y/bTaTe Yero JaHHoe
3NEKTPONIUTHOE HapYLLIEHWe YacTo He AnarHocTmpyetcs [21]. UssecT-
HO, YTO KaK runep-, Tak U TrMNoMarHnemms Bbl3blBatoT Natopunsnono-
rMYecKne U3MeHeHMs, cnocobCTByOWME PA3BUTUIO Pa3IMYHbIX Na-
TONOTUYECKUX CUHAPOMOB [22]. OfgHaKo, MO CPAaBHEHMIO C AETbMM,
ancbanaHc Mg?* 0THOCUTE/IbHO XOPOLLO M3y4eH /I1LLb BO B3POCNOM
nonynsauum [23].

INTRODUCTION

Magnesium (Mg?) is the second most abundant intracel-
lular cation in the human body [1-5]. lonized Mg* is known to
control over 300 enzymatic reactions [1, 5-7]. It is regarded as a
key electrolyte for maintaining cell membrane potential, serving
as an essential cofactor for adenylate cyclase and Na*-K*-adenos-
ine triphosphatase (Na*-K*-ATPase) [6, 8]. This electrolyte also
regulates intracellular calcium (Ca*) and potassium (K*) levels [8,
9]. Mg* has been shown to compete with Ca* for binding sites
on cell membranes, which is crucial for maintaining cell poten-
tial and helps regulate intracellular Ca* levels, influencing muscle
contraction processes [9].

Mg?* plays a vital role in the active transmembrane trans-
port of other ions, as well as in the production, storage, and use
of energy [8]. This electrolyte regulates the synthesis, storage,
and transport of adenosine triphosphate (ATP) and is essential for
the functioning and structure of proteins, nucleic acids, and mi-
tochondria [3, 8-10]. Mg** is critical for maintaining neuromuscu-
lar conduction, cardiovascular system function (regulating blood
pressure), and influencing the immune system's activity [9-13].

The primary content of Mg? in the body (about 25 g) is
found in bones (60%), with a smaller amount in soft tissues (38%)
and only 1-2% found in extracellular fluids [9, 14, 15]. A minor
extracellular fraction of Mg** is bound to blood proteins (20-30%)
and forms strong complexes with anions, including bicarbonate,
citrate, sulfate, and phosphate (5-15%) [10]. Of the serum frac-
tion of Mg*, more than half (55-70%) is ionized and biologically
active [14]. In pediatric practice, serum Mg* levels are the most
used test to assess its level, with the normal reference range in
children being 0.7-1.0 mmol/I (equivalent to 1.5-2.0 mEq/I or 1.7-
2.4 mg/dl) [5, 8, 16]. However, normal values of Mg?* in a child's
blood do not necessarily indicate an adequate level of this elec-
trolyte in the body, as its content in blood serum is less than 0.3%
[8].

Mg?* plays a critical role in several biochemical processes
involved in the synthesis and metabolism of vitamin D [17]. This
electrolyte activates vitamin D, which regulates Ca* and phos-
phate homeostasis to influence bone growth and maintenance
[18]. All enzymes that metabolize vitamin D require Mg?*, which
acts as a cofactor in enzymatic reactions in the liver and kidneys
[18]. Mg* also promotes the absorption of Ca? in the intestine
[19].

Although Mg?* plays a critical role in pediatric health, imbal-
ances of this electrolyte are not always recognized as significant
clinical risk factors, particularly when compared to imbalances
of Na* and K*. It is, therefore, often referred to as the "forgotten
electrolyte" [1, 20]. Additionally, symptoms in children and ado-
lescents associated with Mg? imbalance are challenging to dis-
tinguish from other emergency pathological conditions and meta-
bolic disorders, which frequently leads to this electrolyte disorder
not being diagnosed [21]. Both hyper- and hypomagnesemia are
known to cause pathophysiological changes that contribute to
the development of various pathological syndromes [22]. How-
ever, when compared to children, Mg? imbalance has been rela-
tively well studied, primarily in the adult population [23].

Several studies have reported that Mg?* imbalance is com-
mon in critically ill children, particularly those with acute kidney
injury (AKI) and sepsis, which have been linked to poor outcomes
[23]. The significance of Mg?* in pediatric patients is increasing
due to its role in maintaining cellular homeostasis and its poten-
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B HECKONbKUX UCCeA0BaHMAX COOBLLANO0Ch, YTO HApyLUeHwe 06-
MeHa Mg** pacnpocTpaHeHo cpeam TAKeNnobobHbIX feTel, 0CO6eHHO
C OCTPOI4 NoyeyHol HegocTaToyHocTbio (OMH), cencvcom, uto 6bino
CBAI3aHO C HEYAOB/ETBOPUTENBHBIMU Ucxogamu [23]. 3HaueHne Mg
[/19 NALMEHTOB AETCKOro BO3pacTa BO3PACTaeT M3-3a €ro y4actus B
NOALEP!KAHUM KNETOYHOrO FOMeOoCTasa U MOTEeHLMA/bHbIX Tepanes-
TUYeckux npeumyiuects [9]. AucbanaHc Mg* MOXKET NPUBECTY K Ce-
PbE3HBIM OC/NONKHEHUAM, TakKUM Kak apUTMUK, HEPBHO-MbILLEYHbIE
HapyLUEeHWUA U PECNIMPATOPHbIE PACcCTPOMCTBA, YTO NOAYEPKMBAET He-
06X04MMOCTb TLLATENILHOTO MOHUTOPUHIA 3TOTO 3IEKTPO/IUTA B CbIBO-
POTKE KPOBM U €r0 KOPPEKLMMU, OCOBEHHO NPU KPUTUYECKMX COCTOSA-
HUAX B YC/IOBUAX OTAENEHUI aHECTe3MON0TMU U peaHumaummn (OAUP)
[9, 24].

TMNOMArHUEMUA

TMNomarHMeMmus PaccMaTpUMBAETCA, Korha KoHUeHTpauua Mg
B CbIBOPOTKE KpoBM pebéHka coctasnser meHee 0,7 mmonb/a (Mau
HuKe 1,46 mr/an) [3, 5, 9, 24, 25]. OgHako ypoBeHb Mg?* B CbIBOPOTKe
KPOBM MOXKET HETOYHO OTPaKaTb O6LLMI1 3aNac AAHHOTO 3/1EKTPO/U-
Ta B OpraHM3Me, YTO TPebyeT BCECTOPOHHErO KAMHWUYECKOro obcne-
foBaHua [9]. HeobxoaAMMO OLEHUTb YPOBHW APYrvX 371EKTPOUTOB,
MOCKO/IbKY MMNOMArHMeMMA YacTo COMETAETCA C FMMOKANbLUEMMEN U
TUNOKaNNeMMUER, YTo elé Bo/blue YCNOKHAET AMArHOCTUKY U Neye-
HUe AeTei B KPUTUYECKOM COCTOAHMM ¢ ancbanaHcom Mg [9]. Pac-
NPOCTPaHEHHOCTb FTMNOMArHMEMMK 3aBUCUT OT MHOXeCTBA GaKTopoB
1 Bapbupyet ot 2,7 % cpeam HaceneHusa B uenom, n ao 10-70 % cpean
roCnuTasM3MPOBaHHbIX AETEN U NOAPOCTKOB, Yalle BCEro y MauueH-
TOB B KPUTMYECKOM COCTOAHMM [3, 25-28].

HecKkonbKo vccnenoBaHMiA MOKasanu, YTo rMNoMarHMemms fis-
NAETCA BECOMbIM HapyLUEHWEM 3/1eKTPOSIMTHOrO banaHca y AeTew,
rocnuTannsnposaHHbix B OAUP, rae 66110 06HapYKEHO, YTO OHA CBA-
3aHa C NOBbILWEHHOW CMEPTHOCTbIO U MPOAC/IKUTENBHOCTBIO NPebbl-
BaHMA B CTaumoHape [8, 23, 27, 29, 30]. CornacHo AaHHbIM HEKOTO-
pblX aBTOPOB, FTMMNOMarHMEMMA UMENA NONOKUTENbHYIO KOPPENALMIO
C NOBbILWEHHOM NOTPEBHOCTbIO B MCKYCCTBEHHOW BEHTUAALMMU NETKUX
(MBN), puckom passuTMA cencuca M NakToaumposa [30]. LdaHHblii
3NEKTPONUTHBIA AMcHanaHc 4acTo BCTPEYAEeTCA y nociaeonepaumoH-
HbIX ZeTei 1 noapocTKos [8].

dTuonartoreHes

MpWYMHBI TMNOMarHMemMmn y aetel 1 NoApPOCTKOB MOXKHO pas-
[ennTb Ha NpUobpeTéHHble M reHeTudeckune [8]. MpuobpeTEHHble
NPUYMHBI MOTYT BbITb CBA3aHbI C YMEHbLUEHUEM NePOopPasbHOMo Npu-
éma Mg?, cHuKeHua ero abcopbumm B KT, yBenmueHuem notepu
yepes MoYKM UK nepepacnpeseneHnem, Bbi3BaHHbIM TAKENbIM 3a-
6oneBaHunem (Hanpumep, caxapHblii gnabet (CA) unm uenmakus) [8,
9, 24, 31]. Xenyao4Ho-KuwedHble notepyn Mg? moryT 6biTb pes3ynb-
TaToM Auapeu, Manbabcopbuum nnm cteatopen [8, 9, 27, 31]. OgHol
U3 OCHOBHbIX NMPUYMH ABNSETCA NOBbILWEHHAsA noTepsa Mg* u3-3a Ha-
pyweHua GyHKLMM NoYeK, KoTopoe HabiogaeTca y MHOTUX feTeil B
KpuTnyeckom coctosaHum [9]. Takne natonornm, kak CL, ocTpbiit Ka-
Ha/IbLLEBbIA HEKPO3, COCTOAHME NOC/E TPAHCMAAHTALMMN NOYEK U XPO-
HUYECKMUIA MeTabosIMUEeCKMIl auMa03, MOryT NPUBECTU K runepdub-
TpaLmm v NoBbILIEHHOM noTepe Mg ¢ mouoii [8].

Bblno 06Hapy:KeHo, 4To 0KoNo 50 NeKapCTBEHHbIX NPenapaTos
BbI3bIBAIOT runomMarHuemuio [8)]. Moueuran notepsa Mg?* moxeT 6bITb
pesynbTaToM NpUEma NIEKapPCTB, BKAKOYAA LMTOCTATUKK (LMCNaTUH),
netnesble OUYPETUKM, aHTUOMOTUKM (aMMHOTIMKO3WUABI), NMPOTUBO-
rpubkoBble npenapatbl (amdoTepuumH B) nam ummyHoaenpeccaHTbl
(umknocnopwuH) [3, 8, 9, 31]. leTm co 310Ka4YeCTBEHHbIMIU HOBOOOPa-
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tial therapeutic benefits [9]. Mg?* imbalance can lead to serious
complications, such as arrhythmias, neuromuscular disorders,
and respiratory distress, underscoring the need for careful mon-
itoring of this serum electrolyte and its correction, especially in
critical care settings, including the intensive care unit (ICU) [9,
24].

HYPOMAGNESEMIA

Hypomagnesemia is diagnosed when a child's serum Mg
levels fall below 0.7 mmol/I (or less than 1.46 mg/dl) [3, 5, 9, 24,
25]. However, serum Mg?* levels may not accurately reflect the
total body stores of this electrolyte, necessitating a thorough
clinical evaluation [9]. Other electrolyte levels should also be as-
sessed, as hypomagnesemia is often linked with hypocalcemia
and hypokalemia, complicating the diagnosis and treatment of
critically ill children with Mg?* imbalance [9]. The prevalence of
hypomagnesemia is multifactorial, ranging from 2.7% in the gen-
eral population to 10-70% in hospitalized children and adoles-
cents, particularly in critically ill patients [3, 25-28].

Several studies indicate that hypomagnesemia is a signif-
icant electrolyte imbalance in children hospitalized in the ICU,
where it is associated with increased mortality and more extend-
ed hospital stays [8, 23, 27, 29, 30]. Some authors report that hy-
pomagnesemia correlates positively with a higher need for me-
chanical ventilation (MV) and an increased risk of sepsis and lactic
acidosis [30]. This electrolyte imbalance is frequently observed in
postoperative children and adolescents [8].

Etiopathogenesis

The causes of hypomagnesemia in children and adolescents
can be categorized into acquired and genetic factors [8]. Acquired
causes may relate to decreased oral Mg?* intake, diminished gas-
trointestinal absorption, increased renal loss, or redistribution
due to severe illnesses (e.g., diabetes mellitus or celiac disease)
[8, 9, 24, 31]. Gastrointestinal Mg?* losses can result from diar-
rhea, malabsorption, or steatorrhea [8, 9, 27, 31]. One significant
cause is increased Mg?* loss due to impaired renal function, which
is commonly observed in critically ill children [9]. Pathologies
such as diabetes mellitus (DM), acute tubular necrosis, post-renal
transplantation, and chronic metabolic acidosis may lead to hy-
perfiltration and increased urinary Mg?* loss [8].

About 50 medications have been identified as causes of
hypomagnesemia [8]. Renal Mg** loss can be related to drugs,
including chemotherapy agents like cisplatin, loop diuretics, an-
tibiotics such as aminoglycosides, antifungals like amphotericin
B, and immunosuppressants such as cyclosporine [3, 8, 9, 31].
Children with malignancies are susceptible to hypomagnesemia
as this electrolyte disturbance may arise from various anti-cancer
drugs as well as from gastrointestinal issues or inadequate nutri-
tional status, which are common in these patients [31]. Insuffi-
cient dietary intake is a key factor contributing to hypomagnese-
mia, particularly in children who cannot eat or receive parenteral
nutrition without sufficient exogenous Mg?* [9]. Additionally, cer-
tain pathological conditions, such as sepsis, trauma, and burns,
may increase the metabolic demand for Mg?* or disrupt its ho-
meostasis, leading to deficiencies that can affect up to 65% of
children treated in the ICU [32].

Hypomagnesemia in severely ill children may also stem from
electrolyte imbalance [3, 8]. Hypokalemia can be a primary con-
tributor to hypomagnesemia, particularly in the context of diar-
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30BaHMAMM CKIOHHbI K TMMOMarHMemmu, nocKobKy AaHHOE 3/1eK-
TPONIUTHOE PACCTPOMCTBO MONKET ObITb CreacTBMEM Mpuéma psaga
OHKOJ/IOMMYECKMX MpenapaTtos, a Takke notepb Mg yepes KT nau
B pe3ynbTaTe M/I0XOro MUTAHWA, YTO YacTo HabNOAAETCA Y TaKMX Na-
umenToB [31]. HepgoctaToyHoe noTpebaeHMe MUY ABAAETCA BaXKHbIM
baKTOpOM, CNOCOBCTBYIOLMM TMNOMArHMEMUN, OCOBEHHO Y LeTel,
KOTOpble HE MOTYT NPUHMUMATb MNULLY UAX NOMYYaTb NapeHTepasbHoe
nuTaHue 6e3 4OCTaTOYHOro KoanyecTsa ak3oreHHoro Mg? [9]. Kpome
TOro, onpesenéHHble NaToNOrMYeckne COCTONAHMA, TaKMe KaK Cencuc,
TPaBMbl W 0XKOrM, MOTYT NOBbILWaTb MeTabonnyeckyto NoTpebHOCTL B
Mg 1AM HapyLwaTb ero romeocTas, Yto NPUBOAMNT K ero AeduuuTy,
Jocturatolemy 65% y aeten, HaxoAALLMXCA Ha IEYEHUM B YCI0BUAX
OAMP [32].

TMNomarHmemus y TAKeNobOoNbHbIX AeTei TaKkkKe MOXKET bbiTb
obycnoBneHa HapyLleHWEM 3NEKTPOANUTHOTO banaHca [3, 8]. MMnoka-
IMEMUS MOMKET ABNATHCA OCHOBHOM NMPUYMHOM rMNOMarHMemmuu, Ha
$oHe AMapelHOro CMHAPOMA UK BBEAEHUA METNEBbIX ANYPETUKOB
[31]. MpvBOAATCA faHHblE, YTO Cama rMMNOMarHUEMMUS MOXKET Bbi3bl-
BaTb MOBbILWEHHYIO cekpeuymto K* B netne lenne [31]. Cuntaetca, uto
TMNOKANeMMA BO3HMKAET U3-3a HapylweHua Hacoca Na*-K*-ATd-a3a,
ybA paboTa 3aBMUCMT OT afeKBaTHOrO cogepxaHua Mg? [31]. CHuske-
HWe KneTouHoro Mg? NpuBOAMT K YMEHbLUEHUIO aKTUBHOCTM AT 1
OTKPBITUIO Ka/JIMEBbIX KaHA/I0B, YTO BbI3bIBAET yCuAEHUe noTepb K+ ¢
mouyoit [31]. MoKa3aHo, YTO rMMNOKaNbLUEMMSA, CBA3AHHAA C TAMKENON
runomarsmemmeit (<1 mr/100 mn), BO3HMKaeT m3-3a Toro, yto Ca® He
MOMKET BbITb JAO/MKHBIM 06pa3om MOBUAN30BaH U3 KocTell 6e3 aeil-
CTBMS NapaTUPEOUAHOrO rOPMOHa, KOTOPbIW 3aBUCUT OT aZlEKBATHOW
KOHUeHTpaummn Mg? B opraHmsme [31].

[eHeTMYEeCKME MNPUYMHBI TUNOMArHUEMUU HEOAHOPOLHbI WU
BK/IHOYAIOT KaK PeLecCUBHbIE, TaK U AOMMHAHTHbIE HapyleHus [5].
VX MOMHO pa3gennTb Ha YeTbipe rpynnbl: 1) rmnepKanbuuypryeckme
rMnomarHmemuu (BkaoYas mytaumum B reHax CLDN16, CLDN19, CASR,
CLCNKB); 2) runomarHnemummn tmna MtenbmaHa (CLCNKB, SLC12A3,
BSND, KCNJ10, FYXD2, HNF1B, PCBD1); 3) mUTOXOHAPUAbHbIE TMMNO-
MarHuemmm (SARS2, MT-TI, cuHapom Kephca-Ceitpa) u 4) apyrue ru-
nomarHnemmm (reHol TRPM6, CNMM?2, EGF, EGFR, KCNA1, FAM111A)
[5, 31]. feHeTUYECKME HAPYLIEHMA MPUBOAAT K CHUMKEHMUIO abcopbLmm
Mg?* B KMLLIEYHMKE M CBA3aHbI C BbICOKOW NOTEpPEi 3TOro 3N1eKTPoNuTa
yepes nouku [31].

KnnHuka

TAecTb CMMNTOMOB TMNOMarHMemmMnn y pebeéHka 3aBuUcuT oT
cTeneHn mctoleHna Mg 1 CKOPOCTU CHUMKEHMA ero KOHLEHTPaLmm
B CbIBOPOTKe KpoBM [5, 8]. M3BeCTHO, YTO rMNomarHMemms He NpuBo-
[WT K KIMHUYECKM 3HAYMMbIM NPU3HAKaM, NMOKa CbIBOPOTOUHBIN Ypo-
BeHb Mg? He ynagér Huxe 0,5 mmonb/n (1,2 mr/an) [3, 8, 24, 33].
BONbLWMHCTBO AeTel U NOLPOCTKOB C YMEPEHHOM rMnomarHmemuen
(0,5-0,65 mmosb/n) MMeeT XpoHMYECKoe, BECCUMMTOMHOE TeYeHue
[14]. KnuHnyeckune nposasnenus geduumta Mg?* moryT 6biTb Hecnew-
NOUYHBIMU U OBbIYHO COBMAAAIOT C CUMMNTOMaMM APYrMX Hapylue-
HWI1 aneKTponuTHoro 6anaHca [8). Mockonbky Mg? yyacTByeT B pase
CTPYKTYPHbIX M GU3M0N0rMYecknX GyHKLMIM, HAapyLIEHWUA, CBA3AHHbIE C
rMNoMarHMemuen, MoryT BO3HMKaTb NMPAKTUYECKM B KaXKAOW cucteme
OpraHoB, HE3aBUCMMO OT TOrO, ABAAKOTCA I OHWU KAMHUYECKMN OCTPbI-
MM 1 ABHBIMMW MW XPOHUYECKUMM U CKPbITbIMM [5, 8, 33].

OCHOBHbIe KNMHUYECKME NPOABAEHUA TMNOMArHUEMUUN Y ae-
Tell M NOAPOCTKOB BK/IHOYAIOT HEPBHO-MbILUEYHbIE HapyLeHUs (no-
BbllWeHHas BO3byaMMOCTb, c1abocTb, anaTus, CyLoOporn U Hapylue-
HWe yPOoBHA co3HaHuA) [5, 9, 33, 34]. YacTbimu Hecneupudryeckrmm
W, CNefoBaTe/IbHO, HEAOCTaTOYHO PACNO3HABAEMbIMM CUMMTOMAMM
B [ETCKOM M NMOAPOCTKOBOM BO3pacTe Npu AaHHOM 3/1EKTPOJUTHOM

rhea syndrome or the use of loop diuretics [31]. Evidence sug-
gests that hypomagnesemia itself can lead to increased secretion
of K* in the loop of Henle [31]. It is believed that hypokalemia oc-
curs due to a malfunctioning of the Na*-K*-ATPase pump, which
depends on adequate Mg?* levels [31]. A decrease in cellular Mg
results in reduced ATP activity and the opening of potassium
channels, which leads to increased K+ loss in the urine [31]. Re-
search indicates that hypocalcemia linked to severe hypomagne-
semia (<1 mg/100 ml) arises because Ca?** cannot be adequately
mobilized from bone without the action of parathyroid hormone,
which relies on sufficient Mg?* levels in the body [31].

Genetic causes of hypomagnesemia are varied and include
both recessive and dominant disorders [5]. They can be catego-
rized into four groups: 1) hypercalciuric hypomagnesemia (includ-
ing mutations in the CLDN16, CLDN19, CASR, and CLCNKB genes);
2) Gitelman-like hypomagnesemias (CLCNKB, SLC12A3, BSND,
KCNJ10, FYXD2, HNF1B, PCBD1); 3) mitochondrial hypomagne-
semia (SARS2, MT-TI, Kearns-Sayre syndrome); and 4) other hy-
pomagnesemia (TRPM6, CNMM2, EGF, EGFR, KCNA1, FAM111A
genes) [5, 31]. Genetic disorders result in decreased Mg?* absorp-
tion in the intestine and are associated with increased loss of this
electrolyte through the kidneys [31].

Clinical presentation

The severity of hypomagnesemia symptoms in a child de-
pends on the degree of Mg?* depletion and the rate of decline in
its serum levels [5, 8]. It is known that hypomagnesemia does not
produce clinically significant signs until the serum Mg?* level falls
below 0.5 mmol/L (1.2 mg/dl) [3, 8, 24, 33]. Most children and
adolescents with moderate hypomagnesemia (00.5-0.65 mmol/I)
follow a chronic, asymptomatic course [14]. Clinical manifesta-
tions of Mg?* deficiency can be nonspecific and typically coincide
with symptoms of other electrolyte imbalances [8]. Since Mg?**
is involved in numerous structural and physiological functions,
hypomagnesemia-related disorders can affect virtually every or-
gan system, whether they present as clinically acute and overt or
chronic and latent [5, 8, 33].

The main clinical signs of hypomagnesemia in children and
adolescents include neuromuscular issues such as increased excit-
ability, weakness, apathy, seizures, and impaired mental status [5,
9, 33, 34]. Common nonspecific and, therefore, poorly recognized
symptoms in childhood and adolescence associated with this elec-
trolyte disorder include drowsiness and fatigue [9, 14]. In patients
with severe hypomagnesemia, specific vertical nystagmus is often
observed in the absence of structural brain lesions [14].

Low Mg?* levels, characteristic of hypomagnesemia, can lead
to respiratory muscle hypotonia and bronchospasm [35]. These
conditions may increase the need for mechanical ventilation in
children and adolescents treated in the ICU [9]. Cardiovascular
manifestations are common in magnesium deficiency and may
include the following changes: a widening of the QRS complex, a
reduction in T-wave amplitude, and a moderate decrease in Mg
levels. In cases of severe deficiency, additional symptoms may de-
velop, including a widening of the PR interval, further reduction
of T waves, and atrial and ventricular arrhythmias [33, 34].

Anesthesiologists and intensivists should be aware of the
accompanying electrolyte disturbances associated with hypo-
magnesemia [31]. The most prevalent disturbance is hypokale-
mia, occurring in 40-60% of cases, followed by hypocalcemia [9,
34, 36, 37]. Potentially life-threatening complications may arise
from hypocalcemia and/or hypokalemia, including atrial and ven-
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HapYLLUEHWM ABNAKOTCA COHAMBOCTL U ycTanocTb [9, 14]. Y nauneHToB
C TAXKENOWN rMnomMarHMemuein HepeaKo BbIABAAETCA creumduyeckuii
BEPTMKANbHbIN HACTArM NpPK OTCYTCTBUM CTPYKTYPHbIX MOPAKEHUI r0-
NoBHOro mo3ra [14].

Hu3knit yposeHb Mg*, HabnogaemMblit Mpy rMNnoOMarHuemMmm,
MOMKET NPUBECTU K TMNOTOHUM AbIXaTeNbHbIX MbILULL U GPOHXOCMa3my
[35]. 91 cocTosHMA MOTyT yBennuuTb noTpebHocTb B MB/1 y aeteit
M NOAPOCTKOB, HAXOAAWMXCA Ha nedeHnn B OAUP [9]. XapaKTepHbl
cepaeyHo-cocyancTbie npossaeHns (pacumperne komnnekca QRS u
CHWXXeHuWe 3ybuoB T Npy ymepeHHOM CHukeHun Mg, paclmpeHue
nHTepBana PR, ymeHblueHMWe 3y6L0B T, a TaKKe NPeacepaHble U Keny-
[LOYKOBbIE aPUTMUM — NpY TAKENOM aeduuute) [33, 34].

Bpaun aHecTe3Monorn-peaHnMaTonorM OONKHbl 3HaTb O CO-
NYTCTBYIOLMX HAPYLUEHUAX 3NEKTPOAUTHOrO 6anaHca, CBA3aHHbIX C
runomarHuemueit [31]. Hanbonee pacnpocTpaHEHHbIM HapyLIeHUEM
ABNAETCA runoKanmemms, sctpedatowanca B 40-60% cnyyaes, a Takxe
runokanbumemms [9, 34, 36, 37]. MoTeHUMaNbHO ONACHbIE ANA XMU3HU
OCNOMHEHWUA MOTYT BO3HUKHYTb M3-3a MMMNOKaAbLMEMUM U/UAN TUNO-
Ka/IMEMMU U BKIHOUALOT NPEACEPAHbIE U XKeNya04KOBbIE aPUTMUU UK
torsades de pointe [14, 33, 34]. Cama runoMarHMemMmnsi MOMKET NOTeH-
LManbHO BbI3blBaTb $aTaNbHblE OCNOMKHEHWs, BK/OYAA apTepuab-
HYH TMNOTOHMIO, CNa3M KOPOHAPHbIX apTepUi U BHE3AMHY CMepTb
[3,5, 26, 27, 36].

WHTeHcuBHaA Tepanua

YposeHb Mg B CbiBOPOTKE KpoBM mMeHee 1,5 mr/100 mn cuu-
TAeTCA HU3KUM U MOXKET NoTpeboBaTb KOPPEKLMK, OCOBEHHO ecn Y
pebEHKa ecTb KAMHMYEeCKas cumnTomatuka [31]. Taxényio cumnTo-
MaTUYECKYIO TMNOMarHMemuto cnefyet KynupoBaTb BHYTPUBEHHbIM
BBeAeHVeM cynbdaTta marius (MgSOa), BBOAMMOTO MeafieHHO nog,
KNAMHUYECKMM U reMOAMHAMMUYECKUM KoHTponem [3, 24]. MgSQOa —
npenapat BbIbopa y AeTEN, UMEIOLLUX YTPOKAIOLLME KUSHWU CUMMTO-
Mbl 13-3a OMACHO HM3KOro ypoBHA Mg?* (Hanpumep, cyaoporw) [9, 31].
Y peteit BHyTpUBEHHan fo3a MgS0a. coctasnset 25-50 mr/kr (0,2-0,4
MIKB/Kr), MaKCMyM 2 T 33 OIHOKpaTHOEe BBeAeHWe B TeyeHue 1-5
MUHYT (3, 9, 24, 27, 31]. MpenapaT MO}KHO BBOAUTb BHYTPMBEHHO
Kaxable 4-6 yacoB (Kaxable 8 4acoB Y HOBOPOXAEHHLIX) N0 Mepe
HeobXxoayMOCTU AN1A BOCNIONIHEHNA YPOBHA Mg?* B CbIBOPOTKE KPOBM
[31]. B panbHeiwem cneayet seoantb MgSOs B gose 125 mr/Kr/cyt
BHYTPMBEHHO B TeueHue 24 yacos, 3aTeM 75 mMr/Kr/cyT B TeueHue 3-5
AHeln [31, 38].

Llenbto KOppeKLMK rMNoMarHueMmumumn y pebéHka JOoMKHO ObiTb
noAAepskaHne KoHUeHTpaumn Mg? B cbiBopoTKe Bbile 0,4 MMOAb/A
[38]. XoTs ypoBeHb Mg?* B CbIBOPOTKE BbICTPO MOBbLIWAETCA NPU BBE-
AeHun MgSQa, BHYTpUKNeTouHOMY Mg?* TpebyeTca 6onblue BpeMeHu
[N NOZIHOTO BOCMO/IHEHUA, MO3TOMY AETAM C HOPMaNbHOMN GyHKLMeEN
MOYeK PEKOMEHZOBAHO MPOAOAKMUTL BOCMONHEHWE Mg B TeueHue
2 [Hel nocne HOpManu3auumn ero YpPoBHS B CbIBOPOTKE KpoBM [24].
OamH rpamm MgS0s cogeput 100 Mr anemeHTapHoro Mg, 4to ak-
BMBANEHTHO NpnbansnuTensHo 4 mmonb Mg* [38]. UHbekumn MgS0Oa
cneayet pa3basnatb 0,9% NaCl uam 5% rnoKo3oi U NOMHWUTL O TOM,
4TO YpeamepHo bbICTpoe HONMOCHOE BBEAEHWE NPEnapaTa MOXKET Bbl-
3BaTb apTepUasIbHy0 TMNOToHUIO [38]. MaKkcMmanbHas KOHLEHTpaLuMA
MgSOa ana BeefeHuA Yepes nepudepnyeckme BeHbl cocTasnset 60
MI/MA, @ Yepes LeHTPasIbHbIN BeHO3HbIN KateTep — 200 mr/mn [31].
MocKkonbKy AMCOYHKLMA BbIAENUTENBHOM CUCTEMbI MOXET npuBe-
CTU K HakomaeHuo Mg, 3Tu peKoMeHAaLMK No J03MPOBKe cresyeT
yMeHbLWUTb Ha 50% y aeteii ¢ OMNH [31].

BbicTpoe HacbiweHe MgSOa y feTeit M NOAPOCTKOB He peKo-
MeHZYeTcA ANA BOCCTaHOBAeHUs 0bLLero AeduupTa 3TOro SN1EKTPONV-
Ta B OpraHM3me (3a UCKIIOUYEHWMEM YPTEHTHbIX COCTOAHMM, Hanpumep,

410

tricular arrhythmias or torsades de pointe [14, 33, 34]. Hypomag-
nesemia itself can potentially lead to fatal complications such as
arterial hypotension, coronary artery spasm, and sudden death
[3,5, 26, 27, 36].

Intensive care

Serum Mg?* levels below 1.5 mg/100 ml are considered low
and may require treatment, particularly in symptomatic children
[31]. Severe symptomatic hypomagnesemia should be treated
with intravenous magnesium sulfate (MgS0s) and administered
slowly under clinical and hemodynamic monitoring [3, 24]. MgSQ0a
is the preferred treatment for children exhibiting life-threatening
symptoms due to critically low Mg?* levels, such as seizures [9,
31]. The intravenous dose of MgSQO. for children is 25-50 mg/kg
(0.2-0.4 mEq/kg), with a maximum of 2 g given as a single dose
over 1-5 minutes [3, 9, 24, 27, 31]. The drug can be given intra-
venously every 4 to 6 hours, or every 8 hours for neonates, as
needed to restore serum magnesium levels [31]. Following initial
treatment, MgS0a should be given at a dose of 125 mg/kg/day
intravenously for 24 hours, then 75 mg/kg/day for 3-5 days [31,
38].

The objective of correcting hypomagnesemia in children
should be to maintain serum Mg? levels above 0.4 mmol/I [38].
Although serum Mg?* levels rise rapidly with MgS0a administra-
tion, intracellular Mg?* takes longer to replenish fully. Therefore,
in children with normal renal function, continued Mg* replace-
ment is recommended for 2 days after serum levels return to
normal [24]. One gram of MgSQa contains 100 mg of elemental
Mg?*, equivalent to approximately four mmol of Mg?* [38]. MgS0Oa
injections should be diluted with 0.9% sodium chloride (NaCl) or
5% dextrose (glucose). It is also important to remember that ex-
cessively rapid bolus administration may cause arterial hypoten-
sion [38]. The maximum level of MgSQa for administration via pe-
ripheral veins is 60 mg/mL, and via a central venous catheter, it is
200 mg/ml [31]. Due to the potential accumulation of Mg? from
excretory system dysfunction, these dosage recommendations
should be reduced by 50% in children with ARF [31].

Rapid saturation of MgSQa in children and adolescents is not
recommended for restoring general electrolyte deficiency (except
in urgent situations like seizures) [31]. An acute increase in se-
rum Mg? levels after bolus administration may exceed the renal
threshold, leading to rapid excretion by the kidneys [31]. There-
fore, if the child does not exhibit pronounced clinical symptoms,
a slower administration of MgSQa (over several hours, alongside
infusion therapy) can enhance its absorption in the body [31].

Considering the high prevalence of Mg?* imbalance in crit-
ically ill children and adolescents, routine monitoring of serum
Mg?* levels is advised [9, 24, 31]. Intensive care physicians should
evaluate Mg?* levels in all critically ill children upon ICU admission
and continue to monitor them throughout their stay in the unit
[39]. Oral supplementation of Mg is effective for children with
moderate hypomagnesemia (<1.0 mg/100 ml) when malabsorp-
tion is not the suspected primary cause [31]. Magnesium oxide
is frequently used for oral supplementation at a dosage of 10-
20 mg/kg of elemental Mg?* (maximum 2 g), up to 4 times daily
[31]. In children, alternative forms of magnesium can be utilized
to deliver the same 10-20 mg/kg of elemental Mg* [31]. Mag-
nesium hydroxide is frequently used to treat infants who require
oral Mg? supplementation [31]. Caution should be taken when
administering oral Mg?* to children with diarrhea, as oral forms
may exacerbate the diarrhea and are not well absorbed from the
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CYOOpPOXKHbIM cnHapom) [31]. OcTpoe NOBbIEHME KOHLEHTPaLMK
Mg? B CbIBOPOTKE KPOBM nocae 60/10CHOM0 BBEAEHWA MpeBblluaeT
NoYeyHbIi1 NOPOT, 1 MPOUCXOAMUT BbicTpoe BbiBegeHMe Mg? noykamu
[31]. MosTomy, ecnmn y pebEHKa HET BbIparKEeHHbIX KNMHUYECKUX CUM-
nTomoB, 6onee meaneHHoe (B TeYEHWEe HECKONbKMX YacoB, Ha $oHe
MHdY3MOHHOI Tepanun) BeeaeHne MgSOa MOXKET YNYYLIUTb ero yCBo-
eHwe B opraHusme [31].

Y4nTbIBanA BbICOKYIO PAcNpoOCTpPaHEHHOCTb AucbanaHca Mg y
JeTei 1 NoAPOCTKOB B KPUTUYECKOM COCTOSIHUM, PEKOMEHAYETCS pe-
TYNAPHO KOHTPONMPOBATL YPOBEHb 3TOMO 3/1IEKTPO/IUTA B CbIBOPOTKE
Kposw [9, 24, 31]. Bpauu aHecTe3noNorv-peaHMMaToNior JOKHbI
oueHMBaTb yposeHb Mg?* npwu noctynneHun y scex aetein 8 OAUP 8
KPUTUYECKOM COCTOSHWM WM NPOAO/IKATD MOHWUTOPUHI 3TOMO 3/1eK-
TPONUTA Ha NPOTAKEHUM BCEro nepuofa npebblBaHus pebEHKa B
ycnosuax atoro otaenenva [39]. Aedpuunt Mg MOXHO BO3MECTUTb
nepopasnbHbiM NYTEM, ecin y pebEHKa MMeeTCA YMepeHHas runo-
marHuemusa (<1,0 mr/100 mn), a manbabcopbuma He nogo3pesaercs
KaK OCHOBHas NpuYMHa runomartmemmu [31]. Okena martmsa o6bi4HO
MCMONb3yeTcA ANA NepopanbHoil 3ameHbl B go3e 10-20 mr/Kr anemeH-
TapHoro Mg (makcumym 2 1) 4o 4 pas B geHb [31]. Y geteit moryt
MCMNONb30BaTLCA Apyrie conesble Gopmbl ANA obecneyeHus Tex xe
10-20 mr/kr anemeHtapHoro Mg [31]. MapoKcna marHua o6bluHO
NMPUMEHSETCA /1A JIeYeHUA AeTell NepBoro rofa M3Hu, KOTOPbIM
Tpebyetca nepopasnbHoe BocnosiHeHne Mg?* [31]. Cneayet cobntoaatb
OCTOPOMHOCTb MPU Ha3HaueHUM nepopasnbHoro Mg aetam ¢ anape-
€W, MOCKO/bKY nepopasbHble GOPMbl MOTYT YXYAWMUTL AMapeiHblit
CUHAPOM M He ycBamBaTbea B KT [31]. MauneHTam 6e3 KNMHUYECKMUX
NposBAeHUIA MOTYT BbiTb MOE3HbI NepopasbHble npenapatbl Mg ¢
3ame//IeHHbIM BbICBODOXKAEHWMEM (XT0PUL MarHUs, CoaepKaLmi 64-
71,5 mr, unn L-nakTaT marHus, cogepsawmii 84 mr anemeHTapHoro
Mg*) [24].

TMNEPMATHUMEMMUA

TMnepmarHMemmns onpeaenseTca B CJiy4yae NoBbILEHMA CbIBOPO-
TOYHOW KOHUEeHTpauun Mg >1,1 mmons/n (>2,5 mr/an) [4, 5]. B otiu-
4me OT IMNOMarHMeMmm, runepmarHnemms y AeTem 1 NoAPOCTKOB AB-
NAETCA MeHee BbIPAXKEHHbIM 3/1EKTPONUTHBIM AMcHaNaHCOM U He TaK
LUMPOKO M3yyanacb B NeauaTpuyeckoit npaktuke [4, 40]. B ycnosusax
CTauMoOHapa PacnpoCTPaHEHHOCTb rMNepmarHeMumn Konebnerca ot
5,7% 0o 9,3%, a y feTel, HaxopAwmxca Ha neveHnn 8 OAUP, cocTas-
naet Bcero okono 1-5% cpeay Bcex Cy4aeB HapyLWEHWUA SNEKTPOUT-
Horo 6anaHca [4, 41]. Camble 3KCTpemanbHble Cy4an MOBbILLEHHOM
KOHLEHTpaumm Mg?* B CbIBOPOTKE KPOBW BblNM 3aperMcTpUpOoBaHbl y
HeZlOHOWEHHOro pebéHKa, poXKAEHHOrO Ha 33 Heaene bepemeHHo-
CTW C KOHUeHTpaumeit 18 mmosnb/n [4]. Bbino noacumntaHo, YTo Npu-
mepHo y 10-15% rocnutanusmpoBaHHbIx Aeteit ¢ OMNH pa3suBaetca
rMNepMarHMeMma 13-3a CHUNKEHMA MOYEYHOM IKCKpeuun Mg [42,
43]. TunepmarHMemmns MOMeT bbITb Bbl3BaHa BHYTPMBEHHbIM BBEAE-
HMem Mg* unu nepopanbHbIM MPUEMOM aHTaLMA0B UAK ClabuTenb-
HbIX NPenapaToB, coaepKaLmx 6onbwme 4o3bl Mg? [40].

dTuonartoreHes

[leTv c OCTPbIM NOBPEXAEHNEM NOYEK UAN XPOHUYECKOM NoYey-
HoWi HefocTaTouHOCTbIO (XIMH) NoABep»KeHbI NOBbLILEHHOMY PUCKY M-
nepmarHMemmm 13-3a BaxKHOCTU NOYEYHOW CUCTEMbI B MOAAEPHKAHUM
romeocrasa Mg?* [43]. CnocobHoCTb no4ek noaaepsusatb 6anaHc
Mg? nyTém yBennueHus OGPaKLMOHHOM 3KCKpeuuu M3bbITOUHOro
Mg?* 03Ha4aeT, YTo rmnepmarHMemms 06blYHO He BO3HMKaEeT, ecau
CKOPOCTb KNy6ouKoBOM dunbTpaumm y pebéHka He nagaet HUxe 30
MA/MuH [38]. OgHaKo Aaxe Npu TAXKENON NOYEYHOW HeLOCTaTOuHO-

gastrointestinal tract [31]. Asymptomatic patients may benefit
from oral sustained-release Mg? drugs, such as magnesium chlo-
ride containing 64-71.5 mg or magnesium L-lactate containing 84
mg of elemental Mg?* [24].

HYPERMAGNESEMIA

Hypermagnesemia is defined as an increase in serum Mg
levels of >1.1 mmol/l (>2.5 mg/dl) [4, 5]. In contrast to hypo-
magnesemia, hypermagnesemia in children and adolescents is a
less pronounced electrolyte imbalance and has not been wide-
ly studied in pediatric practice [4, 40]. In a hospital setting, the
prevalence of hypermagnesemia ranges from 5.7% to 9.3%, and
in children treated at the ICU, it accounts for only about 1-5% of
all cases of electrolyte imbalance [4, 41]. The most extreme case
of elevated serum Mg?* levels was reported in a premature baby
born at 33 weeks of gestation, with a level of 18 mmol/I [4]. It
is estimated that approximately 10-15% of hospitalized children
with ARF develop hypermagnesemia due to decreased renal ex-
cretion of Mg?* [42, 43]. Hypermagnesemia can be caused by in-
travenous Mg* administration or oral intake of antacids or laxa-
tives containing high doses of Mg? [40].

Etiopathogenesis

Children with acute kidney injury or chronic kidney failure
(CKD) are at an increased risk of hypermagnesemia due to the vi-
tal role of the renal system in maintaining Mg?* homeostasis [43].
The kidneys' ability to maintain Mg?* balance by enhancing the
fractional excretion of excess Mg?* typically means that hyperma-
gnesemia does not occur unless the child's glomerular filtration
rate drops below 30 ml/min [38]. However, even in cases of se-
vere renal failure, overt hypermagnesemia is uncommon unless
Mg?*-containing products are consumed [33]. Rarely, certain
endocrinopathies can lead to significantly elevated serum Mg?*
levels, including hyperparathyroidism, adrenal insufficiency, and
hypothyroidism, due to increased renal Mg* reabsorption [44].
Hyperparathyroidism and impaired Ca* metabolism may contrib-
ute to hypermagnesemia through increased tubular Mg* uptake
in the presence of hypercalcemia [45].

Anticholinergic or laxative medications can elevate serum
Mg? levels, particularly when pre-existing intestinal pathology or
renal dysfunction is present [4]. Symptomatic hypermagnesemia
in patients receiving exogenous Mg most commonly arises with
renal failure [38]. Nevertheless, intravenous administration of
Mg? can also result in hypermagnesemia, even in the presence of
normal renal function [38].

In clinical scenarios where hemolysis occurs due to tumor
lysis syndrome, there exists a potential risk for developing hyper-
magnesemia [4]. Other causes that may result in hypermagnese-
mia through extracellular disturbances include rhabdomyolysis
and metabolic acidosis, especially in cases of diabetic ketoacido-
sis [4]. Metabolic acidosis causes urinary Mg loss as a compen-
satory response to the rapid increase in serum Mg?** levels [4].

Clinical presentation

Hypermagnesemia may initially go unnoticed due to its non-
specific and highly variable clinical manifestations [4]. Symptoms
of hypermagnesemia are characterized by disturbances in neuro-
muscular, respiratory, and cardiac functions, with the severity of
symptoms depending on the blood serum Mg?* levels [40]. Gen-
erally, hypermagnesemia in children and adolescents is well toler-
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CTW BbIPaXKEHHAA rMNepPMarHUeMmns BCTPEUAETCA PEAKOo, eCAU He UC-
No/b3ylOTCA Npenapatsl, cogepalme Mg? [33]. B pearux ciyyasx
HEKOTOpPble 3HAOKPUHOMATUM MOTYT Bbi3blBaTb BblPaXKeHHOE MOBbI-
LIEHWe KOHLEHTpaLmMmu Mg B CbIBOPOTKe KPOBW, TaK1e Kak rvnepra-
paTMpeos, HaANoYeYHUKOBAsA HeLOCTaTOMHOCTb M FTMMNOTUPEOD3, 3a CHET
yBennyeHua peabcopbumn Mg noukamu [44]. MnepnapaTtvpeos u
HapylweHne meTabonmnsma Ca®* MOryT NPUBECTU K rMNepMarHMemmm
33 CYET NOBBbILIEHHOTO NoroLeHNA Mg?* B KaHanbLax Ha GpoHe rmnep-
Kanbupnemuu [45].

AHTVXONMHEprMYeckne uan cnabutenbHble npenapaTbl MOryT
BbI3BaTb NOBbILIEHWE KOHLEHTPpaLymn Mg2* B CbIBOPOTKE KPOBM, B Nep-
BYIO Ouepesb B YC/NOBUAX YIKE CYLLECTBYIOLLEI NAaTONOTMM KULIEYHMKA
WK NPpU HapyweHnn GyHKUMM nodek [4]. CumnTomaTuyeckas runep-
MarHMeMus y NaLyeHTOB, NONYYaIOLLMX K30TeHHbI Mg, yalle Bce-
ro BO3HMKAET NpW HAIMYMM NOYEYHOM HegocTaTouHOCTH [38]. OfHaKo
BHYTPUBEHHbIE UHQY3UM Mg* MOTYT NPUBECTU K TMNepMarHuemus
[aXe NpY HaNMYMKU HOPMANbHOM GYHKLMM novek [38].

B KAMHWMYECKMX CUTYaUMAX, KOTAa remMonv3 MPOUCXOAMT U3-
33 CMHAPOMA AM3MCa OMyXO/M, CYLLECTBYeT MOTeHLManbHbI PUCK
passuTuA runepmarinemun [4]. [pyrue NpuYmHbl, KOTOpblE MOTYT
NPOABNATLCA TMNEPMArHUEMMUEN Yepes BHEKNETOUHble HapyLIEHWA,
BKJ/IIOYAIOT PabAoMMONK3 U MeTabosMIECKMI aLna03, B TOM YUCAE U
Ha ¢oHe anabeTnyeckoro Ketoaumnaosa [4]. Metabonunyeckuin aumaos
BbI3bIBAET NoTepto Mg ¢ MOYOIi B KayecTBe KOMNEHCAaTOPHOMO MeXa-
HM3Ma /18 BbICTPOro NOBbILIEHWA YPOBHA Mg B CbIBOPOTKE KPOBM
[4].

Knuuuka

TMnepmarHMeMma MOMET OCTaTbCA M3HaYa/lbHO He3ameyeH-
HOM M3-3a HecneundUYHOCTU CMMMTOMOB M LUMPOKOW Bapuabesb-
HOCTU K/NIMHUYECKUX NposBaeHui [4]. CUMNTOMbI rMnepmarHMemmnm
XapaKTepU3yloTCA HapyLUEHUAMW HEPBHO-MbILLEYHON, AbIXaTeNbHOM
U cepaeyHoi OYHKLMIA, a BbIPaXKEHHOCTb CMMNTOMATUKU 3aBUCUT
OT KOHUeHTpauum Mg? B cbiBopoTKe Kposu [40]. Kak npaswno, ru-
nepmarHuemus y feteil U NOAPOCTKOB XOPOLLO NePEHOCUTCA U KOH-
ueHTpaumu ot 1,05 go 2,2 mmonb/n (2,55-5,35 mr/an) moryt 6biTh
NOMHOCTbIO BeccumnToMHbIMK [4, 38]. B CBA3K C 3TUM, KNMHUYECKK
3HaYMManA rMnepmarHMemma peiKo BCTPeYaeTca y AeTei ¢ HopManb-
HOM GYHKLMEN NoYEK 1 0BbIYHO NPOABAAETCA NPU NOYEYHOW HeLOCTa-
TOYHOCTM U U36bITOYHOM NoTpebneHun Mg [38].

KoHueHTpauumn Mg? ot 2,2 go 3,5 mmonb/n (5,35-8,5 mr/an)
BbI3bIBAIOT Hecneuupuyeckme CMMNTOMBbI, TaKMe KaK TOLIHOTa, rono-
BOKpY!KeHMe 1 cnaboctb [4, 14]. BblpaKeHHbIe KIMHUYECKME CUMNTO-
Mbl Ha4YMHAIOT NOAB/ATLCSA, KOTAA coaepaHue Mg? npesblwaet 3,5
MMO/b/N (8,5 Mr/A4n) 1 BKAKOYAIOT PBOTY, NOKPACHEHME KOXKM, Bpaau-
Kapamio, apTepuanbHyto TMNOTOHMIO U HapyLIEHWe YPOBHA CO3HAHUA
(4, 14, 38, 41]. TUNepMarHMeMms TaKKe MOKET BbI3bIBaTb M3MEHEHMA
Ha anekTpokapaunorpamme (3Kr), BKatouas cMHycoByto bpasnkapamio,
yanvHeHue mHTepsana PR u QRS, a TakKe aTpMOBEHTPUKYNAPHYIO
6nokagy [4, 38]. [pyrve 3aperucTpupoBaHHble PeaKue U3MeHeHus
IKT BK/OYatOT NogbéM KomnieKkca ST U BblpaKeHHbIN 3ybel, T [46,
47].

MporpeccupoBaHue rMNepmMarHMemMmumn NPUBOAMUT K NoTepe Iy-
BOKMX CYXOXKUbHBIX pedNeKcoB, COHNMBOCTM BMIOTb A0 HapyLIEHUA
YPOBHA CO3HAHMA, YTHETEHUIO AblXaHWUA, NOAHON 6a0Kage cepaua u
faxe acuctonuu [4, 35, 38, 44]. MoryT 6biTb HapyLEHWA MOYeuncry-
CKaHWs 13-3a I’MNOTOHYCa MOYeBOro Ny3bips [4, 38]. JeTu TakKe moryT
UCNbITbIBATb CHUMKEHUA OCTPOTbI 3peHMA Ha GOHe HapyLEHWA aKKo-
moaauum [4]. KoHueHTpauua Mg B cbiBOPOTKe, Npesbiliatowan 8,7
Mmonb/A (21,1 mMr/an), MOXKET NPUBECTM K KOMe W OCTAHOBKe cepaLa
[4].

412

ated, and levels ranging from 1.05 to 2.2 mmol/I (2.55-5.35 mg/
dl) can be completely asymptomatic [4, 38]. In this context, clini-
cally significant hypermagnesemia is rare in children with normal
renal function and usually occurs in cases of renal failure and ex-
cessive Mg? intake [38].

Mg?* levels between 2.2 and 3.5 mmol/I (5.35-8.5 mg/dl)
lead to nonspecific symptoms such as nausea, dizziness, and
weakness [4, 14]. Severe clinical symptoms begin to emerge
when Mg? levels exceed 3.5 mmol/I (8.5 mg/dl) and include vom-
iting, flushing, bradycardia, hypotension, and altered mental sta-
tus [4, 14, 38, 41]. Hypermagnesemia can also cause changes in
the electrocardiogram (ECG), including sinus bradycardia, prolon-
gation of the PR and QRS intervals, and atrioventricular block [4,
38]. Other rare ECG changes that have been reported include ST
elevation and prominent T waves [46, 47].

The progression of hypermagnesemia can lead to loss of
deep tendon reflexes, drowsiness up to impaired mental status,
respiratory depression, complete heart block, and even asystole
[4, 35, 38, 44]. There may be urination disorders due to hypotonia
of the bladder [4, 38]. Children may also experience decreased
visual acuity due to accommodation disorders [4]. Serum Mg?*
levels exceeding 8.7 mmol/I (21.1 mg/dl) can result in coma and
cardiac arrest [4].

Intensive care

The treatment of symptomatic and/or severe hypermag-
nesemia (greater than 3.0 mmol/l) includes continuous cardiac
monitoring and intravenous administration of calcium gluconate
or chloride to neutralize the effects of toxic levels of Mg?* on
neuromuscular conduction and cardiac activity [4, 14]. In cases
of symptomatic hypermagnesemia, a dose of 100 to 200 mg of
Ca?* drugs is recommended to be administered intravenously
over 5-10 minutes [4, 38]. In critical cases of hypermagnesemia,
it is essential to enhance renal Mg*" excretion [4]. This goal can
be achieved in two ways. The first approach involves the use of
loop diuretics, such as furosemide, at a dosage of 1 mg/kg intra-
venously [4]. Concurrently, 0.9% NaCl can also be administered
at a rate of 150-200 ml/h to promote renal excretion of Mg?* and
prevent electrolyte imbalances, including hypokalemia and met-
abolic alkalosis [4]. The second approach is hemodialysis, which
is particularly effective in children with ARF [4, 38]. This method
effectively removes nearly 50% of serum Mg? within 3-4 hours
of dialysis [4]. It is important to note that hemodialysis can also
lead to hypocalcemia due to increased Ca®* excretion, potential-
ly worsening the symptoms of hypermagnesemia [4]. In mild hy-
permagnesemia, removing sources of exogenous Mg** is usually
sufficient [14].

CONCLUSION

Intensivists working in pediatric intensive care should un-
derstand the leading causes and mechanisms behind both hypo-
and hypermagnesemia to ensure proper management of this
electrolyte disorder. Understanding the physiological role of Mg?*
is crucial for quickly identifying the signs of both deficiency and
excess. Additionally, it is essential to be aware of the appropriate
treatment protocols for managing severe magnesium imbalances
in children and adolescents. Timely diagnosis and intensive ther-
apy for hypo- and hypermagnesemia can help reduce the risk of
complications and improve the therapeutic outcomes for critical-
ly ill children in the ICU setting.
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WHTeHCcuBHaAA Tepanusa

JleyeHne CMNTOMATUYECKOM U/UAK TAKENOW rMnepmarHuemmm
(>3,0 Mmmonb/n) BKAKOYAET HENPEepPbIBHbIA KAPAMOMOHUTOPUHT U BHY-
TPUBEHHOE BBEAEHMWE JIIOKOHATA UM X/IOPUAA KaabLms AN HerTpa-
NIN3aUMN BAIMAHWA TOKCUMYECKMX KOHLEHTpaumii Mg?* Ha HepBHO-Mbl-
LeYHY0 NPOBOAMMOCTb M CepAeuHylo AeatenbHocTb [4, 14]. Mpu
CMMMTOMATUYECKOWM TMNepMarHMemMmMn peKkoMeHZyeTcA BBefeHue
npenapatos Ca* B go3e ot 100 10 200 Mr BHYTPUBEHHO B TeueHue 5-10
MUHYT [4, 38]. B KpUTUUECKUX CTyHanX rMnepmarHMemMmmnmn KpaviHe Bax-
HO YBENWYUTb BbiBegeHne Mg yepes nouku [4]. 3To MoxHO caenatb
ABYyMA cnocobamu. MepBblii NOAXOL 3aKNOYAETCA B UCMO/Ib30BAHUM
NeTieBbIX AMYPETUKOB, TakMX Kak dypocemus, B f03uposke 1 mr/kr
BHYTPMBEHHO [4]. MapannenbHo Takke MoxHo BBoanTb 0,9% NaCl co
cKopocTbio 150-200 Mn/u ana yBenndeHns nodedHoi skckpeummn Mg?*
C Lenblo NpefoTBPALLEHUA 3NEKTPOAUTHOrO AucbanaHca, BK/IKOYas
TMNOKANNEMMIO M MeTabonMYecKmii ankanos [4]. Bropoi nogxog, — re-
MOZMaNu3, KoTopblit ocobeHHo apdekTnBeH ana aeteit c ONH [4, 38].
JTOT MeToA, N03BONAET yAaNuUTb noutu 50% cbiBopoTouHoro Mg no-
cne 3-4 YacoB 3KCTpaKopnopanbHoro BosaencTema [4]. Heobxognmo

NMOMHWTb, YTO FTEMOAMANN3 TaKKEe MOMKET BbI3BaTb MMOKabLMEMMIO
13-3a NOBbILLEHHO 3KCKpeLmn CaZ, UTo MOXKET YXYALUUTb CUMMTOMbI
runepmariuemmu [4]. Mpu Nérkol runepmarHneMum B 60NbLIMHCTBE
C/y4aeB [0CTaTOYHO YAaNeHMA UCTOYHMKOB 3K30reHHoro Mg [14].

3AKNIOYEHUE

Bpauu aHecTesvonoru-peaHumatosniory, pabotawoume B chepe
[LETCKON MHTEHCMBHOW Tepanuu, JOMKHbI 3HaTb OCHOBHbIE TPUITEPDI
W MaToreHeTUYecKMe MeXaHW3Mbl, KaK rMrno-, TaK U rMnepmarHuemuy,
4n1a obecneyeHVs aeKkBaTHON KOPPEKLMM NPU AaHHOM 3/1IEKTPONUT-
HOM HapyLueHWW. HeobxoanMmo YETKoe NoHUMaHue GU3MoNorMYecKoi
ponu Mg* B opraHusme pebéHKa, CBOeBpeMeHHOe pacno3HaBaHue
NpW3HaKoB AeduunTa M MHTOKCMKALMM, 3HAHME COOTBETCTBYHOLLMX
TepaneBTUYECKUX aNrOPUTMOB NpU KYNMPOBaHWUM TAKENOro awcba-
NaHca Mg* y feteit 1 nogpocTkoB. CBOEBPEMEHHASA AMArHOCTUKA U
WHTEHCUBHAA Tepanusa rmno- 1 rmnepmarHUeMmUy No3BOAUT CHU3UTb
PUCK OCNOMHEHWI W yNYYLWUTb TEPANEBTUHECKUI UCXOL, Y TAXKENO0-
60n1bHbIX geTeit B ycnosusax OAUP.
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