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NpoBeaéH 0630p MTePaTYPHbIX AaHHbIX N0 NPO6eMaTVKe 3TMONATOrEHe3a, KMHUYECKUX NPOABNEHUI U MHTEHCUBHOW Tepanuu metabonnyeckoro
ankanosa (MA) y geteii u nogpocTkos. Monck nHpopmaumm nposoaunca no 6asam AaHHbix Cochrane Library, PubMed, Science Direct n Medscape ¢
MCMONb30BAHWEM K/OYEBbIX CIOB: KKUCIOTHO-OCHOBHOE COCTOAHMEY, «MeTaboIMYeckuii ankanos», «bUkapboHaT», «TUNOXI0PEMUA», «AETU U NOA-
POCTKU», KUHTEHCWUBHAA Tepanua», «aletaszonamuay. B 063op BkaYeHbl UCTOYHUKM 33 nocnegHue 10 net (2014-2024 rr.). Kputepuamu BRAOYEHMA
pabort B 0630p bbINK: HaNMUME ONUCAHUA STUOOTUM, NATOTEHE3a, KIMHUYECKUX NMPOABNEHNUI U 0COBEHHOCTEN MHTEHCMBHOW Tepanuu B neamaTtpuye-
CKOWi npakTuKe. Kputepuem uckatoueHus paboT n3 0630pa ABAAAUCH CTaTbW, codepkalume MHOOPMALMIO MO 3TMONATOreHesy, KNIMHUKE U NeYeHuIo
MA 'y B3pOC/bIX MALMUEHTOB.

HecmoTps Ha BbICOKYIO pacnpocTpaHéHHOCTb MA y aeTeid M NOAPOCTKOB, AaHHOE HapyLIeHUe KUCI0THO-OCHOBHOIO COCTOAIHMA YacTo OCTAETCA He au-
arHoOCTMpyeMbIM, B TOM YMCE U Y NALMEHTOB PeaHUMALMOHHOTO NpoduAA, YTO AOCTOBEPHO YBENNYMBAET 1eTaNbHOCTb. Cpean OCHOBHbIX NpuynMH MA
BbIAENAT NOTEPIO KUC/IOT MU X/IOPUIOB CO CTOPOHbI KENYA0UHO-KMLLEYHOTO TPAKTa, BBEAEHME IK30reHHOM WéNoum 1 u3bbiTouHyto peabcopbums
6uKkapboHaTa nouykamu. Taxénble npossaeHns MA Bbi3biBalOT AEKOMMNEHCALMIO HEPBHOM, AbIXaTeNIbHOW U CepeYHO-COCYAUCTON CUCTEM U SNIEKTPO-
NUTHblE HapylweHua. OueHKa TMNa MA U ero TAXXeCTU OCHOBaHa Ha OMpPefeseHNU XJI0PUAOB MOUYM, OLEHKM pH 1 rasoB Kposu. MHTeHCMBHasA Tepa-
nua MA 3akntoyaeTcs B NPOBEAEHWUN WHOY3MOHHOW Tepanuu, KOPPEKLUM SNEKTPONUTHBIX HaPYLUEHWI, Ha3HAYEHUN ANYPETUKOB (aLeTasonamug,).
B TANKENbIX M PE3UCTEHTHBIX CYYasAX NPOBOAATCA METOAbI IKCTPAKOPNOPabHOW AETOKCUMKALMK. MPU OCYLLECTBAEHUM IEUYEHUA BAXKHO UCK/IOYaTh/
MWUHUMWU3MPOBATb OCHOBHbIE TPUITEPbI M NPABU/BHO ANMArHOCTUPOBATb KAMHKUYECKyo dopmy MA.

KntoueBble cnoBa: KUCI0MHO-0CHOBHOe cocmosHue, Memabonudeckull anKkano3, bukapboHam, aunoxaopemus, 0emu U NOOPOCMKU, UHMEHCUBHAA
mepanus, ayemaszonamuo.
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Aliterature review was conducted on the etiopathogenesis, clinical manifestations, and intensive care management of metabolic alkalosis (MA) in children
and adolescents. The search was performed in the Cochrane Library, PubMed, ScienceDirect, and Medscape databases using the following keywords:
“acid-base balance”, “metabolic alkalosis”, “bicarbonate”, “hypochloremia”, “children and adolescents”, “intensive care”, and “acetazolamide”. Sources
published over the past 10 years (2014-2024) were included. The inclusion criteria were the presence of information describing the etiology, pathogenesis,
clinical manifestations, and the specific features of intensive care management in pediatric practice. The exclusion criterion was publications containing
data on the etiopathogenesis, clinical presentation, and treatment of MA in adult patients.

Despite the high prevalence of MA in children and adolescents, this acid-base metabolism disorder often remains undiagnosed, including among intensive
care patients, which is associated with a significant increase in mortality. The main causes of MA include gastrointestinal loss of acids or chlorides,
administration of exogenous alkali, and excessive renal bicarbonate reabsorption. Severe MA leads to decompensation of the nervous, respiratory, and
cardiovascular systems, as well as electrolyte disturbances. Assessment of the MA type and severity is based on measurement of urinary chloride, blood
pH, and blood gas parameters. Intensive care management of MA includes fluid therapy, correction of electrolyte disorders, and the use of diuretics
(acetazolamide). In severe, treatment-resistent cases, extracorporeal detoxification techniques are used. During treatment, it is important to eliminate/
minimize the main triggers and to correctly identify the clinical form of MA.
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BBEOEHMUE

AnKano3 — HapyLeHne KUCNOTHO-OCHOBHOIO cocTosiHMA (KOC),
XapakTepusytolleeca yenmyeHnem pH aptepuanbHoit kposu [1-3].
Mo NPOUCXOXKAEHMIO a/IKa103 MOXKET ObITb Kak PECMMPATOPHbIM, TaK 1
MeTaboMyeckUm, Ho MeTaboyeckunii ankanos (MA) B KIMHUYECKOM
NpaKTUKe BCTpeyaeTca ropasao vaule [1, 2]. CornacHo coBpemeHHOMY
onpegeneHnto MA — 3T0 NepBMYHOE MOBbILEHNE KOHLIEHTPaLMK bu-
Kap6oHaTa (HCOs™) B cbiBOpOTKe Kposu (>30 mmonb/n) Ha doHe yse-
Nnyenus pH apTepuanbHoii Kposm (>7,45) [2, 4-8].

Cyutaetcs, uto MA B NpaKTUKe MHTEHCMBHOM Tepanuu yalle
BCTpeyaeTca y AeTel, Yem y B3pocnblx [8-11]. Tak, cpeamn pasnunyHbIx
HapyweHni KOC, MA cocTaBnset okono 50% y rocnutanvMsnpoBaH-
HbIX MALMEHTOB AETCKOro M MOAPOCTKOBOro Bo3pactoB [4, 5]. MA
ABNAETCA Hanbonee pacnpocTpaHéHHbIM HapyweHuem KOC y aeteit,
Haxo4ALMXCA Ha JIeYEHUN B OTAENEHUAX PeaHMMaLMN U UHTEHCUB-
Hol Tepanuu (OPWUT), ocobeHHO y NaLMEHTOB HA WCKYCCTBEHHOW
BeHTUNAUMK Nérkmx (MBN) [1, 10, 12-14]. MNpusoaATcA AaHHble, YTO
MA CNyUT HeyA0BNETBOPUTENbHBIM NPOrHOCTUYECKUM PaKTOPOM B
NPaKTUKE UHTEHCUBHOM Tepanuu [15]. Hanpumep, 6bi10 obHapyxe-
HO, uTO y nauueHTos OPUT nosbliweHHbIN ypoBeHb pH B CbiIBOPOTKE
KPOBM HaNPAMYIO KOpPpenupyeT co CMepTHOCTbO [16]. M3BecTHO, yuTo
[ETV B KPUTUYECKOM COCTOAHWUMU (0COBEHHO MALMEHTBI C CEMCUCOM,
TAXKENOMN TUMOKCEMMEN M KapAMOreHHbIM LLUOKOM), YacTo noaBep-
eHbl pa3suTUio MA, KOTOpPbI MOXET Bbi3BaTb reMOAMHAMUYECKYHO
HeCcTabubHOCTb U HECET NOBbILWEHHbBIN PUCK NeTanbHOoCTH [17]. MoKa-
3aHO, 4YTO Y NauueHToB ¢ pH apTepuasbHoOi KpoBK >7,55 cmepTHOCTb
cocTaBnAeT okono 45%, a npu pH >7,65 — 80% [18]. OaHaKo gocToBep-
HO HEW3BECTHO, CBA3AHO /1 YBEIMYEHME NEeTaIbHOCTM y aeTeit B OPUT
HenocpeacTBeHHO ¢ HapyweHnem KOC B Buae MA nam xe ¢ BO3HUKa-
foLLel Ha ero GoHe rMNOKaMEMMUEN U TAXKECTbIO COMYTCTBYHOLLEN
natonoruu [18].

3Tuonorua

Beaywme npuumnHbl MA MOXHO pa3gennTsb Ha: 1) notepio KucaoT
W XNI0PUAOB CO CTOPOHbI KeNyaouHO-KULLIEYHOro TpakTa (HKT); 2)
BBEEHME 3K30reHHOM WENOUM 1 3) noYedHble TpUrrepbl (M36bIToUHanA
peabcopbumna HCOs™ u/mnm Hatpua — Na* noukamm) [4, 19]. Yawe sce-
ro rMnox10PeMusa ONMMUCLIBAETCA KaK OCHOBHAA npuunHa MA y geteit
B KPUTMYECKOM COCTOAHMM (TaK Ha3blBaeMblii TMMOXNOPEMUYECKMiA
MA) [16]. 310 cocTosiHME 06bIYHO CBA3AHO C PBOTOM UK YPE3MEPHbBIM
noTepAMM XJI0PUA0B Yepes Ha30racTpasibHbIN 30HA, a TaKXKe C HasHa-
YEHMEM MOYETOHHbIX MpPenapaToB, 0COBEHHO Y KapAMONOrUYECKUX
MaLMEHTOB, NONYYAIOLLMX NETNEBbIE AUYPETUKM B PaHHEM nocneone-
pauunoHHoM nepuroge [16]. B ycnosuax OPUT, y naumeHToOB AETCKOMO U
MOAPOCTKOBOrO BO3PAcTa, Kak MpaBuo, O4HOBPEMEHHO CyLLecTByeT
6onee ogHoM npuymHbl MA [12].

AnypeTukun

B negmatpuyeckmx OPUT HazHaueHWe guypeTMKOB OCTaETcA oc-
HOBHOW NpuumHoi MA [4]. icnonb3oBaHwe AaHHOW rpynnbl npenapa-
TOB HapyLUaeT 6anaHc 3NEKTPONUTOB, YTO MOXKET NMPUBECTU K FMMOX/10-
PEMUM U TUMOKAZIMEMMUM, @ TaKKe CBA3AHO C 3aAePKKOV BbiBeAEHMUA

INTRODUCTION

Alkalosis is an acid-base disorder characterized by an in-
creased arterial blood pH [1-3]. By origin, alkalosis may be respi-
ratory or metabolic; however, metabolic alkalosis (MA) is encoun-
tered much more frequently in clinical practice [1, 2]. According
to the current definition, MA is a primary increase in serum bicar-
bonate (HCOs) concentration (>30 mmol/L) accompanied by an
increased arterial blood pH (>7.45) [2, 4-8].

MA is thought to occur more often in pediatric intensive
care than in adult practice [8-11]. Among acid-base disorders, MA
accounts for approximately 50% of cases in hospitalized children
and adolescents [4, 5]. MA is the most common acid-base disor-
der in children treated in intensive care units (ICUs), especially in
patients receiving mechanical ventilation [1, 10, 12-14]. MA has
been reported to be an unfavorable prognostic factor in inten-
sive care [15]. For example, in ICU patients, elevated serum pH
has been found to correlate directly with mortality [16]. Critical-
ly ill children (particularly those with sepsis, severe hypoxemia,
and cardiogenic shock) are often prone to developing MA, which
can cause hemodynamic instability and is associated with an
increased risk of death [17]. Mortality has been reported to be
about 45% in patients with arterial pH>7.55 and 80% when pH ex-
ceeds 7.65 [18]. However, it remains unclear whether increased
mortality in pediatric ICU patients is directly attributable to MA
as an acid-base disorder, or rather to accompanying hypokalemia
and/or the severity of the underlying disease [18].

ETIOLOGY

The leading causes of MA can be grouped into: 1) gastro-
intestinal loss of acids or chlorides; 2) administration of exoge-
nous alkali; and (3) renal triggers (excessive renal reabsorption of
HCOs™ and/or sodium [Na*]) [4, 19]. Hypochloremia is most often
described as the main cause of MA in critically ill children (so-
called hypochloremic MA) [16]. This condition is typically associ-
ated with vomiting or excessive chloride losses via a nasogastric
tube, as well as with the use of diuretics — especially in cardiac
patients receiving loop diuretics in the early postoperative period
[16]. In the ICU setting, pediatric and adolescent patients usually
have more than one concurrent cause of MA [12].

Diuretics

In pediatric ICUs, diuretic use remains the leading cause of
MA [4]. This drug class disrupts electrolyte balance, which may
result in hypochloremia and hypokalemia and is also associated
with delayed renal excretion of HCOs™ [13, 16]. Diuretics (thia-
zides, furosemide) inhibit reabsorption of Na* and chloride (CI")
in the ascending limb of Henle’s loop, increasing bicarbonate
(HCOs") generation, while potassium (K*) and hydrogen (H*) ions
are excreted more intensively in urine [2, 3, 20]. The subsequent
rise in plasma HCOs™ shifts the carbonic acid equilibrium to the
left, reducing the concentration of H* ions and thereby promot-
ing MA [3]. Diuretics may also cause extracellular fluid loss and
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HCOs™ noukamm [13, 16]. AnypeTnkn (TMasuabl, dypocemua) MHrMbu-
pytoT peabcopbumio Na* u xnopa (ClI7) B Bocxogsawelt yactv netau fex-
/e, YTO Bbi3blBaeT yBennyeHve obpasosaHma HCOs™, B To Bpema Kak
MoHbI Kanua (K*) n Bogopoaa (H*) ycuneHHo BbiBOAATCA C MOYOIA [2, 3,
20]. Mocnepytolee noBbileHWe KoHueHTpauumn HCOs™ B nnasme Kpo-
BU CMELLAET PaBHOBECUE YrO/IbHOM KUCIOTbI BIEBO, CHUMKAA KOHLIEH-
Tpaumto noHos H*, uto nposoumpyet MA [3]. AnypeTuku TakKe moryT
NPUBECTU K NOTEPE BHEKIETOUHOM XKMAKOCTU U CHUMKEHMIO YPOBHS
aHrMoTeH3uHa Il, KOTopbIi1 OKa3blBaET CTUMYAMPYIOLLMIA 3GPEKT Ha ce-
KPeLmIo asiba0CTePOHA, KOTOPbIM NOBbLILAET cekpeLmto MoHos H* [9].

MoTtepsa KMCAOT U/MAn XNopuA0B Co CTOPOHbLI KT

YpesmepHoe CHUNKeHWe KUCNOT U X0PUAO0B Y AeTeld yalle Bee-
ro NPOUCXOAAT NPU A/IUTENbHOW PBOTE MM BECOMbBIX NOTEPAX Yepes
Ha3oracTpasbHbii 30HA, [4, 10, 21]. B peakux ciyyasx runoxnopemus
co ctopoHbl KT ABnsAOTCA pesynsTaToM 3ab60NeBaHUI TOHKOMO UK
TONCTOTO KUWEYHMKA Ha (OHE MHOEKUMOHHON MAN BPOXKAEHHOM
(Hanpumep, BPOXAEHHAA Avapes ¢ NoTEpPEi X10pWUA0B) NaToNorum
[4, 21]. HepocTaTok consHoit kucnoTbl (HCl) B kenyake npuBoguT K
yBenmuenuto HCOs™ B nnasme Kposu [9]. MoTeps Cl™ co cTynom moxkeT
6bITb BbI3BaHA CHUMKEHMEM AKTUBHOCTU XNOPUAHO-BUMKApPOOHaTHbIX
aHMOHOOOMEHHbIX 6€/1KOB B TONCTOM KULLKE 13-3a BPOKAEHHOMO UK
npuobpetéHHoro aedekra [9].

YsenuueHune copepxkanua HCOs" BO BHEKNIETOYHOM

NPOCTPaHCTBE M ero NoBbIlEHHAaA NoYeyHas

peabcopbuus

MPOUCXOAUT M3-33 M3BLITOYHOMO 3HTEPANbHOTO/3K30reHHOro
noctynnenna HCOs™ nam wénoum, Hanpumep, nNpu MONOYHO-LLENOY-
HOM CMHAPOME UK Ha GOHE YPe3IMEPHOro NapeHTepPabHOTo BBEAE-
HUA UMTPaTa, aueTaTa UM NakTaTa, KoTopble B Aa/ibHelLlwem npeob-
pasytotca B HCOs™ [2, 9]. TakMe coCTOAHUA Y AeTel, KaK NepBUYHbIv
rMnepanbAoCTePOHN3M, CTEHO3 MOYEYHOM apTepuW, BPOXKAEHHAA
rMnepnaasus HagnoyeyHUKoB, CUHAPOMbI Jiaana u KylmHra moryt
NPOBOLMPOBATL NOBbILLEHHYIO NOYeYHyH peabcopbumio HCOs™ [2].

YBesinueHne KONMUYecTBa IK30reHHbIX OCHOBAHMUIA

YBe/MyeHNe KOIMYECTBA 3K30rEHHbIX OCHOBAHWUIM MOMET Bbl-
38aTb MA B coyeTaHuu ¢ AedULMTOM XN0PUA0B M/MAK NOYEUHOMN He-
[OCTAaTOYHOCTbIO, YTO yXyALlwaeT BbisegeHne HCOs™ noukamu [18]. Lu-
TPaTHaA MHTOKCMKALMA, HA pOHe KOTOPOM MPOMCXOAMUT NOBbILEHWE
9K30reHHbIX OCHOBAHM, YaCcTO BO3HUKAET NOC/Ie MACCUBHbIX Nepesun-
BaHMI KPOBM MM BO BpeEMA NpoBeaeHns naasmadepesa [18].

MykoBucumngos

Y peteit ¢ mykoBucumao3om MA MOXKET pa3BUTbCA M3-3a TUNo-
Kannemmu 1 HapyeHusa cekpeummn HCOs™ AncTanbHbIMM NOYEYHbIMU
KaHanbuamu, Ha doHe aedeKTa TpaHCMEMOBPAHHOMO PErynaTOPHOro
6e1Ka, YTO NPUBOAMT K CHUMKeHMIo TpaHcnopTa Cl™ M HEBO3MOXKHOCTH
obecneunsaTb gocTaToyHoe Konmuectso ClI- gns peabcopbumm HCOs™
[9, 22].

N36bITOYHDbIN 30 PEKT MUHEPANOKOPTUKONAOB

M36bITOYHbIN MWHEPANOKOPTUKOMAHbIN 3ODEKT MOMKET ObiTb
PEe3yNbTaTOM NPOAYKLUM PEHUHA, KOTOPbIA CTUMYAUPYET BbiCBOGO-
AEHWe anbAoCcTePOHa (Hanpumep, Npy CTEHO3€e NOYeYHON apTepun)
WM NEPBUYHOIO rMNepanbaoCTeEPOHU3Ma, TO eCTb COCTOAHWM, Npu
KOTOPbIX KOPTWU30/1 LEMCTBYET KaK MUHEPANIOKOPTUKOMA, HA GOHe Ha-
pywenus 11-B ruapoKcMAErMAPOreHasbl U YBEMYEHUA aKTUBHOCTH
HaTPMEBOro KaHafa B AMUCTAa/IbHOM KaHasbLie noyek (Hanpumep, npu
cuHapome Ninaana) [23]. 1ot 3ddEKT NPUMBOAUT K YBENUYEHMIO Ce-

114

reduce angiotensin Il levels; angiotensin Il stimulates aldosterone
secretion, and aldosterone increases H* secretion [9].

Gastrointestinal loss of acids and/or chlorides

Excessive loss of acids and chlorides in children most com-
monly occurs with prolonged vomiting or substantial losses via a
nasogastric tube [4, 10, 21]. In rare cases, gastrointestinal hypo-
chloremia results from small or large intestine disorders due to
infections or congenital conditions (e.g., congenital chloride-los-
ing diarrhea) [4, 21]. A deficiency of gastric hydrochloric acid
(HCI) leads to an increase in plasma HCOs™ [9]. Chloride loss in
stool may be caused by reduced activity of chloride-bicarbonate
anion exchange proteins in the colon due to a congenital or ac-
quired defect [9].

Increased extracellular HCO;~ and enhanced renal

reabsorption

This occurs due to excessive enteral/exogenous intake of
HCOs™ or alkali, for example, in milk-alkali syndrome or after ex-
cessive parenteral administration of citrate, acetate, or lactate,
which are subsequently converted to HCOs™ [2, 9]. Pediatric con-
ditions such as primary hyperaldosteronism, renal artery steno-
sis, congenital adrenal hyperplasia, and Liddle and Cushing syn-
dromes may promote increased renal reabsorption of HCOs™ [2].

Increased exogenous base load

An increased exogenous base load may cause MA in combi-
nation with chloride depletion and/or renal insufficiency, which
impairs renal HCOs™ excretion [18]. Citrate intoxication, leading
to an increased exogenous base load, often occurs after massive
blood transfusions or during plasmapheresis [18].

Cystic fibrosis

In children with cystic fibrosis, MA may develop due to hy-
pokalemia and impaired HCOs™secretion by renal distal tubules, in
the context of a defect in the transmembrane regulatory protein
that reduces CI™ transport and prevents provision of sufficient CI~
for HCO3™ reabsorption [9, 22].

Excess mineralocorticoid effect

An excessive mineralocorticoid effect may result from renin
production that stimulates aldosterone release (e.g., in renal ar-
tery stenosis) or from primary hyperaldosteronism — i.e., condi-
tions in which cortisol acts as a mineralocorticoid due to impaired
11B-hydroxysteroid dehydrogenase activity and increased epithe-
lial sodium channel activity in the renal distal tubules (e.g., Liddle
syndrome) [23]. This effect increases K* secretion, which stimu-
lates ammoniagenesis and HCOs™ reabsorption, and also increases
H* secretion [9].

CLASSIFICATION

Children with MA may be clinically classified according to
their response to exogenous chloride administration [12, 15, 24].
In the “chloride-responsive” subgroup (or hypovolemic MA), the
disorder most commonly arises from a reduction in extracellular
fluid volume due to diuretic therapy, decreased gastric HCl secre-
tion, or hypoventilation in the setting of chronic respiratory fail-
ure [1, 12, 19, 24]. Chloride-responsive MA may also be observed
in adolescents with anorexia nervosa and in milk-alkali syndrome
[19]. In this form, alkalosis is maintained by hypovolemia and hy-
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Kpeuuun K*, KoTopblli CTUMYNUPYET BbIpaboTKy aMMOHMA U peabcopb-
umio HCOs™, a Tak»Ke yBEIMYMBALOT CEKpeLmio MoHoB H* [9].

KnAccuoUuKALUA

[Letn ¢ MA moryT 6bITb KNIMHWUYECKM KnaccuduLmpoBaHbl B 3a-
BMCMMOCTM OT MX peakLyn Ha MOCTYMNAeHUe 3K30TeHHbIX X10pUA0B
[12, 15, 24]. B noarpynne «4yBCTBATENbHbIX K Xn10pnay» MA (uan MA
C rMNOBONIEMMEN) Yallle BCEro BO3HUKAET M3-3a CHUMKEHUA 06bEMA
BHEK/IETOUHOM KMIKOCTU, BbI3BAHHOTO Ha3HAYEHWEM AWMYPETUKOB,
CHUXeHvem KonundectBa HCl B enyake wan runoBeHTUAAUMEN Ha
dOHe XpPOHWUYECKOW ApIxaTeNbHOW HepocTaTouHocTy [1, 12, 19, 24].
«YyBcTBUTENBHBIN K XNopuay» MA TakKe MOXeT HabatogaTbca npu
HepBHOM aHOpeKCcKM (Y NOAPOCTKOB) M MONOYHO-LLENOYHOM CUHAPO-
me [19]. Mpu 310 dopMe anKano3 NoaAepPKMBAETCA M3-3a FTMNOBOE-
MWW 1 TUMNOKAaIMEMWM C NOC/eAYIOLLE NOBbILEHHOW peabcopbumeit
HCO:™ B NpOKCMMAasIbHbIX MOYEYHDBIX KaHa/IbLAX, YTO CHUMXKAET ero aKc-
Kpeuuio [1]. Mpu gaHHom Tne MA xnopuabl MoumM cocTaasoT <20
mmonb/n [1, 19, 24].

HeBoCnpUUMUMBLIV («HEUYYBCTBUTENBHBINY) K X10pnay MA (Tak-
K€ U3BECTHbIW KaK «X/I0PUAPE3NUCTEHTHBINY UAN TMNEePBONEMUYECKUI
MA) He noaaéTca Koppekuun pactBopamu, cogepkawmmm NaCl, n
06bI4HO XapaKTepu3yeTca TAXENbIM geduuutom marHua (Mg?*) u/
unm K*, a TakxKe “3bbITKOM MUHEPaNoKopTukonaos [1, 12, 19]. Mpu
ZAaHHOM Tune MA xiopuabl Moum coctasasioT >20 mmonb/n [1].

Momumo storo, MA nogpasgenseTca Ha NepPBUYHbINA U CMeLLaH-
Hbli. [lMTeNbHan U MHOFOKPAaTHaA PBOTA C CONYTCTBYHOLLEN NoTepeit
noHos CI™ n H* y peTeit Bbi3biBaeT nepBuyHblii MA [3]. MepBuyHble
HapyLIeHWs, KaK MPaBuo, CBA3aHbl C KOMNEHCATOPHbIMU MeXaHW3-
MaMW, KOTOpble MMEeIOT TeHAEHLMIO BO3BpaLLaTh pH K pedepeHcHbIM
3HaueHUAM (Hanpumep, aNbBEONAPHAA TMMNOBEHTUAALMA ABNAETCA
KOMMeHcaTopHOM peakumeit Ha MA) [3]. CmewaHHbI MA xapakTepu-
3yeTca Hannunem Agyx unu 6onee nepBuYHbIX TpUrrepoB [3]. Tak ke
BbIAENAT dopmy noctrunepkapbudeckoro MA, BbI3BaHHOIO YCTOW-
4MBO BbICOKMM ypoBHem HCOs™ B CbIBOPOTKM KPOBW nocse bbicTporo
paspeLeHnA ’MNOBEHTUAALMM Y fieTel C XPOHUYECKOW rMnepKanHuen
Ha GOoHe ANNUTENbHOTO HapyLWeHNUs abixaHua [14].

MNATOTEHE3

MatoreHes MA BkAtoyaeT Anbo notepto MoHos H+, Anbo Ha-
KonneHue HCOs™ BO BHEKNETOUHOW *uakoctu [1, 3, 5]. Motepa H* u
KMCAOT MOXKeT nponcxogutb Yepes KKT nam nouku, Torga Kak ucrod-
HUKaMW M3ObITOYHOM LUENOYM CNYKWUT NEPOPaAsbHOE UK MapeHTe-
panbHoe eé noctynnenue [3, 5]. Apyrumm cnosamu, MA BO3HMKaET,
KOrzaa noteps KUCNOTbI UIN YBENNYEHWE KOMYECTBA LLENOYeit BO BHe-
KNETOYHOM XMAKOCTU COYETAETCA C HapylleHuem BbiBeaeHus HCOs
noykamu [2, 7, 18, 25]. MoBbllweHHas KoHUeHTpauma HCOs™ B nnasme
KPOBM BbI3blBaET NepemeLleHne MOHOB H+ BHEKNETOYHO U K+ BHYTpU-
KNETOYHO, YTO NPUBOAMT K NMOBbILLEHHOW KaHa/IbLLeBOW peabcopbumm
Na* n akckpeuumn K* u CI- ¢ moyoit, 4to ycyrybnseT runoxnopemuio m
runokanuemmio [12].

KAUHUKA

HecmoTpa Ha To, 4to cumnTomatka MA asnsetca pesynbra-
TOM MaTONOFMYECKOTO BANAHMA aNIKANIEMUMN HA PA3INYHbIE CUCTEMDI
OpraHoB ¢ nocneayowein anchyHKUMen, KIMHUYECKME NPOSABAEHUA,
HanpAMYIO CBA3aHHble C AaHHbIM HapyweHuem KOC, B npaKTuke
[ETCKOM MHTEHCMBHOM Tepanuu BCcTpeyatoTca He yacTto [1]. Bonb-
LUMHCTBO AeTel C NErKUM UAU YMepPEeHHbIM npoasneHnamm MA He
MMEET CUMMTOMOB MM UMEET CUMNTOMATUKY, CBA3AHHYIO C OCHOB-

pokalemia, followed by increased proximal tubular reabsorption
of HCOs", which reduces its excretion [1]. In this type of MA, uri-
nary chloride is <20 mmol/L [1, 19, 24].

Chloride-unresponsive (“chloride-resistant”), also referred
to as hypervolemic MA, does not respond to NaCl-containing
solutions and is typically characterized by severe magnesium
(Mg?*) and/or potassium (K*) depletion as well as mineralocorti-
coid excess [1, 12, 19]. In this type of MA, urinary chloride is >20
mmol/L [1].

In addition, MA is divided into primary and mixed forms.
Prolonged, recurrent vomiting with concomitant loss of Cl~ and
H* in children causes primary MA [3]. Primary disturbances are
generally accompanied by compensatory mechanisms that tend
to restore pH toward reference values (e.g., alveolar hypoventi-
lation is a compensatory response to MA) [3]. Mixed MA is char-
acterized by two or more primary triggers [3]. A post-hypercapnic
form of MA is also described; it is caused by persistently elevated
serum HCOs™ after rapid resolution of hypoventilation in children
with chronic hypercapnia due to long-standing respiratory impair-
ment [14].

PATHOGENESIS

The pathogenesis of MA involves either loss of H* ions or
accumulation of HCOs™ in the extracellular fluid [1, 3, 5]. Loss of
H* and acids may occur through the gastrointestinal tract or the
kidneys, whereas excess alkali may derive from oral or parenteral
administration [3, 5]. In other words, MA develops when acid loss
or increased alkali in the extracellular fluid are combined with
impaired renal excretion of HCOs™ [2, 7, 18, 25]. Elevated plasma
HCOs™ promotes a shift of H* into the extracellular compartment
and K* into the intracellular compartment, which increases tubu-
lar Na* reabsorption and urinary excretion of K* and CI-, thereby
aggravating hypochloremia and hypokalemia [12].

CLINICAL PRESENTATION

Although ma manifestations result from the pathological
effects of alkalemia on multiple organ systems with subsequent
dysfunction, clinical features directly attributable to this acid—
base disorder are relatively uncommon in pediatric intensive care
practice [1]. Most children with mild to moderate MA are asymp-
tomatic or have symptoms related to the underlying etiology of
MA or to concomitant electrolyte disturbances [1, 4, 26]. Howev-
er, severe MA (serum HCOs™ >45 mmol/L) may present with dys-
pnea, fever, peripheral edema, weakness, dizziness, depressed
consciousness, paresthesias, nausea, vomiting, abdominal pain,
or tinnitus [2, 12].

Cardiovascular manifestations

Children may develop supraventricular and ventricular ar-
rhythmias, which can be refractory in cases of prolonged MA,
especially when associated with hypokalemia and hypocalcemia
[1, 12, 27]. Arterial hypotension (due to alkalosis-induced vaso-
dilation) and hypovolemia with reduced cardiac output are also
common [1, 16]. However, normochloremic MA may be associat-
ed with arterial hypertension and results from excess mineralo-
corticoid syndromes [2].

Respiratory manifestations

Alkalemia is known to suppress the respiratory center and
shift the oxyhemoglobin dissociation curve to the left [26]. Alve-
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HOW 3ToNorneint MA UM C CONyTCTBYIOLMMMU HAPYLIEHWAMM 3/EK-
TponuTHoro 6anauca [1, 4, 26]. OgHako Taxénbii MA (HCOs™ B cbiBo-
POTKE KPOBU >45 MMOJIb/N) MOMKET BK/IKOUaTb ObILIKY, IMXOPAKY,
nepudepuyeckme oTEKM, cNaboCTb, FONOBOKPYMKEHUE, YrHETEHWe
CO3HaHMA, NapecTesnu, TOWHOTY, PBOTY, 6OAN B XMBOTE, UK LIYM
B ywax [2, 12].

HapyweHusa cepAeyHO-COCYANCTON CUCTEMDI

Y feTelt 4acTo MOryT BO3HMKATb HAZKENYLOUYKOBBIE U KeNya0u-
KOBblE apUTMUM, KOTOPbIE MOFYT He NOAABATbCA JIEYEHUIO B CYHaAX
anutenbHoro MA, 0coObeHHO €C/IM OHM CBA3aHbl C TMMNOKaIMEMMEN U
runokansunemueii [1, 12, 27]. Hepeako Habnogaetca apTepuanbHas
TMNOTOHMSA (13-3a BbI3BAaHHOM a/IKasI030M Ba3oAmMNaTaLmm) U rMnoBo-
JIeMMA CO CHUMKEeHMEeM MUMHYTHOro obbéma cepaua [1, 16]. OgHako
HOpMOX/1I0peMUYeckUii MA MOXKET bbITb CBA3aH C apTEPUAsIbHOMN TU-
NePTOHWEN U ABNAETCA PE3YNLTaTOM CUHAPOMA M36bITOUHOM NPOAYK-
UMM MUHEPANOKOPTUKOMAOB [2].

HapyweHusa abixaTenbHOWU cucTembl

/3BeCTHO, YTO a/sKanemua NOAABAAET AbIXaTeNbHbIA LEHTP U
CLBUraeT KpWBYH AMCCOLMALIMM KUCNOPOAA M FemMornobuHa Bneso
[26]. AnbBeonsipHas TMNOBEHTUNALMA ABNAETCA Hanbonee APKUM
nposBneHnem MA, Kotopas ABnseTcs GpU3MONOrMYEecKon peakumen
opraHuama Ha 31o coctonHue [1, 13]. B cnyyasnx Taxkénoro MA yrHete-
HUe AbIXaHWUA U CHUKEHUE KUCNOPOAHOT0 0bMeHa ABNAKOTCA OCHOB-
HbIMM MPENATCTBUAMM ANA NpeKpalleHus UBJT (MoKeT yBenmumnTbes
NPOAO/KUTENBHOCTL MM Bpemsa oTmeHbl MBJ1) [12, 16]. CornacHo
HEKOTOPbIM INTEPATYPHBIM UCTOYHMKAM, MA MOKeT BO3HUKHYTb U Y
JeTei, He Haxogawmxca Ha MBJ1 [12, 13].

HapyweHusa LeHTpanbHOW HEPBHOI CUCTEMbI

MA, ocobeHHO Korga pH apTepuanbHoit Kposu >7,55, MoxeT
BbI3bIBATb YrHETEHME CO3HAHMA U NO34HEe KOMAaTO3HOe COCTOsHME,
4TO MOMKET ObITb CBA3AHO CO CHUXEHMEM Mepdy3nM MO3rOBOTO Kpo-
BOOOPALLEHNA N YMEHBLLEHWEM OKCUreHaLmmn HeipoHos [1, 2]. Y ge-
Tell BNOCAeACTBUM MOTYT Hab1toAaTbCA aCTEHUA, MbILLEYHbIE CMa3Mmbl
W NOCTypasibHOE roNI0BOKpYKeHume [1].

HapyweHusa nepudpepuyeckoit HEPBHOW M MbllWEYHOWN

cuctem

Ha ¢poHe MA yBennumBaetca BbiaeseHNe aLETUAXOIMHA U CHU-
YKAEeTCA KOHLEHTPaUMA MOHM3MPOBaHHOMO Kanbuma (Ca?*) [1]. 310
NPUBOAMT K MOBbILLEHUIO HEPBHO-MbILIEYHOW BO3BYAMMOCTM, KOTO-
pas KNMHUYECKM NPOABNAETCA CYL0POraMu, MbILLIEYHOW TMMNOTOHUEN,
napectesusamm (0CO6EHHO BOKPYr PTa MM B KOHEYHOCTAX), a TaKKe
KaproneganbHbIMKU CMa3mamMu C NMOOXKUTE/bHBIM CUMITOMOM XBO-
cTeka u Tpycco (1, 2].

MeTabonuyeckme HapyweHus

Taxkénble HapyleHUa 3NeKTPONUTHOro GasnaHca MOryT COMpo-
BOXAaTb MA, UTO NOTEHLMANbHO NPUBOAUT K PEAKUM, HO TAXKENLIM
KNMHMYECKUM nposBaeHuam [2]. CMMNTOMbl 06bIYHO 0BYCNOBAEHDI
COMYTCTBYIOLLEN TMNOKANMEMMEN, TMMOXTOPEMMEN, TMIOMArHUEMU-
ell 1 rnokanbumemueli [12, 26]. MA 4acTo cBa3aH ¢ runoKannemmen,
KOTOpas MOMET BbI3blBaTb Y PEOEHKA MbILLEYHYH C1abocTb, cepaeuy-
Hble aPUTMWUK U, ECIM OHA COXPAHAETCA, MOANYPUIO U NOAUAUMNCUIO
[1]. MA TaKKe CONpPOBOMXKAAETCA CHUMKEHMEM KOHLEHTPALMU UOHU-
3upoBaHHOro Ca?* 13-3a ero NoBbILWEHHOTO CBA3bIBAHMUA C HeKamm U
NOBbILWEHHOr0 06pa3oBaHMA LMTPaTa M NakTaTa [1, 26], uto npusoAnT
K HEPBHO-MbILLIEYHOM BO36YAMMOCTM U cyaoporam [4].
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olar hypoventilation is the most prominent manifestation of MA
and represents a physiological response to this condition [1, 13].
In severe MA, respiratory depression and impaired oxygen ex-
change are major barriers to discontinuation of mechanical ven-
tilation (potentially prolonging ventilation or delaying weaning)
[12, 16]. Some sources report that MA may also occur in children
who are not receiving mechanical ventilation [12, 13].

Central nervous system manifestations

MA, particularly when arterial pH exceeds 7.55, may cause
depressed consciousness and later coma, which may be related
to reduced cerebral perfusion and decreased neuronal oxygen-
ation [1, 2]. Subsequently, children may develop asthenia, muscle
spasms, and postural dizziness [1].

Peripheral nervous neuromuscular

manifestations

In MA, acetylcholine release increases and the concentra-
tion of ionized calcium (Ca?*) decreases [1]. This leads to height-
ened neuromuscular excitability, clinically manifested by seizures,
muscle hypotonia, paresthesias (especially around the mouth or
in the limbs), and carpopedal spasm with positive Chvostek and
Trousseau signs [1, 2].

system and

Metabolic disturbances

Severe electrolyte derangements may accompany MA, po-
tentially leading to rare but serious clinical manifestations [2].
Symptoms are usually driven by concomitant hypokalemia, hy-
pochloremia, hypomagnesemia, and hypocalcemia [12, 26]. MA
is often associated with hypokalemia, which may cause muscle
weakness and cardiac arrhythmias in children and, if persistent,
polyuria and polydipsia [1]. MA is also accompanied by a de-
crease in ionized Ca?* due to increased protein binding and in-
creased formation of citrate and lactate [1, 26], which contributes
to neuromuscular excitability and seizures [4].

DIAGNOSIS

Evaluation of a child with MA begins with a focused history
to rule out the two most common causes of this condition — vom-
iting and diuretic use [28]. Some adolescents or parents of young-
er children may deny diuretic use; therefore, measuring urinary
chloride in a random urine sample helps identify the cause of MA
[9]. A low urinary CI- level (<20 mmol/L) is typical of patients with
decreased circulating blood volume and chloride loss due to vom-
iting, diarrhea, sweating, or diuretic use [9]. Measuring chloride
in repeated random urine samples may help distinguish children
with genetic tubulopathies from those taking diuretics: in the for-
mer, urinary Cl~ remains persistently elevated, whereas in the lat-
ter it rises only intermittently [9].

In addition to urinary chloride, assessment of blood pH and
blood gases is required [2, 29]. Blood gas analysis (preferably
arterial) is needed to determine the origin of MA (i.e., whether
alkalemia is metabolic or respiratory in etiology) [2]. Measure-
ments of blood pH, pCO,, and HCOs™ are the main laboratory pa-
rameters used to diagnose MA [30]. If pH is >7.45 and HCOs™ is
>26 mEqg/L, MA is diagnosed [19]. Although elevated HCOs™ levels
may indicate MA, they do not determine whether the disorder
is primary or secondary to respiratory acidosis [2]. Venous blood
gases are sometimes used to assess pCO, [2]. Venous pH mea-
surement may support the diagnosis of MA (arterial pH is usually
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AOVWATHOCTUKA

OueHka geteit ¢ MA HauMHaeTcA € U3y4eHUs aHamHesa, YTobbl
UCKNOUYUTL ABe Haubonee pacnpocTpaHEéHHble MPUYMHBI 3TOFO CO-
CTOAHWSA, @ UMEHHO — PBOTY U NpUéMm anypetukos [28]. Hekotopble
NOAPOCTKM UN POAUTENN AETel MaJLLEro BO3pacTa MOryT OTpULATh
NpVém OUYPETUKOB, B CBA3M C YeM OLEHKa XJI0pUI0B B Cy4aliHOM
obpasLe moun nomoraet onpeaenutb npmunHy MA [9]. Huskui ypo-
BeHb ClI” Moun (<20 Mmosb/n) XapaKkTepeH AN NaLUMEHTOB, Y KOTOPbIX
CHWXKAETCA OObEM LMPKYAMPYIOLLEl KPOBUM U NPOUCXOAMUT noTeps
XNOPUAOB M3-33 PBOTHI, AMAPEN, @ TaKKe C NOTOM AN Ha GpoHe npu-
éma auypetvkos [9]. M3mepeHue xnopuaa B NOBTOPHBIX CIy4aiHbIX
06pasLax MoUn MOXKET OTANYUTD AeTel ¢ reHeTUdeckumu Tybynona-
TUAMM OT TEX, KTO NPUHMMAET ANYPETUKM, MOCKO/bKY Y NepsbIx byaet
MOCTOAHHO NOBbILIEHHbIN yposeHb Cl™ B MoYe, TOra Kak y NocnesHuxX
KoHLeHTpaumaA Cl™ B moye NoBbIWAETCA AULLb NepUoanYeckm [9].

Mommmo xnopuaos mouu, Heobxoanma oueHka pH 1 rasos Kpo-
Bu [2, 29]. AHanu3 ra3os KPoBM (MPeANOYTUTENLHO apTePUaIbHOM),
TpebyeTca ans onpeaeneHns reHesa MA (To ecTb ABNAETCA M OH Me-
TabONMYECKUM UM PECMIMPATOPHBIM NO 3TMoNorum) [2]. U3mepeHns
pH, pCO: 1 HCOs™ B KPOBM B OCHOBHOM MCMOAbL3YIOTCA ANa nabopa-
TOpHO# anarHoctukmu MA [30]. Ecam pH >7,45, a HCOs™ >26 maks/n,
avarHoctupyetca MA [19]. XoTa nosblweHHble ypoBHU HCOs™ moryT
YKa3biBaTb Ha MA, OHM He NOKAa3bIBAIOT, ABIAETCA /N 3TO NEPBUYHBIM
MNN BTOPUYHBIM HapyLUEHWEM MO OTHOLIEHWIO K PecnupaTopHOMy
aumnaosy [2]. Ans oueHkn pCO:2 MHOTAA UCTIONb3YHOTCA ra3bl BEHO3HOM
KpoBu [2]. U3mepeHne pH BEHO3HOW KPOBU MONKET NOATBEPAUTL AU-
arHo3 MA (npu atom pH apTepuanbHol Kposu 06bl4HO Ha 0,03 Bbilue,
yem BeHO3HOW) [9, 26]. Huskune KoHueHTpauum HCOs™ B CbiBOPOTKE
KpoBW MOTyT BbITb CBA3aHbI ¢ pH MOuM >5,5 U NONOKUTENbHBIM aHW-
OHHbIM MHTEPBANOM, YTO NPEANOoNaraeT Hauune XPOHUYECKOro pe-
CNMpaToOpHOro ankanosa [31]. Apyrvue nabopatopHble TecTbl Npu MA
BK/IOYAIOT OnpeaeneHne KOHLEHTPALWWU 3/1IEKTPOAUTOB, Yel ancha-
NIaHC MOXKET BbITb HApyLWEH NPY JaHHOM NaTONOTMYECKOM COCTOAHUM
(CI, K*, Mg**, Ca?*) [19].

MHTEHCUBHASA TEPANMUA

B onpesenéHHbIX KAMHUYECKUX CUTYauMAX AaHHOE COCTOAHMeE
MOKET UMETb TAXKENYID CUMNTOMATUKY M CNocobcTBOBaTL yBeuye-
HWIO NETaNbHOCTK, B CBA3M C YeM MaLMeHTbl JOMKHbI NOyYaTb WH-
TeHCcMBHyO Tepanuto [25]. KoppekTHoe KynuposaHue MA y geteit u
NoAPOCTKOB B NEPBYHO o4epedb 3aBUCUT OT CBOEBPEMEHHOTO BblfB-
JIeHUA ero OCHOBHOW MPUYMHBI, HAMPUMep, YCTPaHeHUe NepBUYHOTO
HacNeACTBEHHOMO UM MPUOBPETEHHOTO TpurTepa (M3BLITOK anbao-
cTepoHa/MUHEPANOKOPTUKOMA0B, AEPEeKT MOYEYHbIX KaHaNbLEB,
upesmepHoe BBeaeHMA Wwénoun n ap.) [1, 2, 4, 7, 9]. YposeHb pH, npu
KOTOPOM C/1eAYeT HaYMHATb MHTEHCUBHYIO TEPANWIO ANA AeTel YETKO
He ycTaHOBAEH [7]. MocKoNbKy IeTanbHOCTb, cBA3aHHanA ¢ MA, Bo3pac-
Taet npu pH >7,55, MMeHHO 3TOT NoKa3aTenb, N0 HEKOTOPbIM AAHHbIM,
CYMTAEeTCA afieKBaTHbIM 3HAYEHUEM A1 Havana nevexus [7].

MHPYy3MOHHAA Tepanua U KOPpPEeKLMA INEeKTPOJUTHDIX

HapyweHun

MHTeHcuBHanA Tepanua npy MA ¢ NomoLLblo MHOY3UOHHOW Te-
panuu 1 KOPPEKLMU 3NEKTPOSUTHBIX HaPYLIEHMI paccMaTpMBaEeTCA B
KayecTBe Tepanuu nepsoit avHum [7, 10, 12, 16, 18]. Ecnn y pebéHka
CHWXXEH 06BEM BHEKIETOYHOM KMAKOCTY (TO €CTb UMEETCA rMnoBoe-
Muyeckuii MA), ero Heo6XxoaAMMO CKOPPEKTUPOBaTb UHY3UEN PU3M-
onoruyeckoro pacrteopa (0,9% NaCl) [1, 4, 12, 15, 18]. etn Ha doHe
runosonemmyeckoro MA v KoHueHTpaumeit CI- 8 moue <20 Mmonb/n,

approximately 0.03 higher than venous pH) [9, 26]. Low serum
HCOs concentrations may be associated with urine pH >5.5 and a
positive anion gap, suggesting chronic respiratory alkalosis [31].
Other laboratory tests in MA include measurement of electro-
lytes that may be disturbed in this condition (CI-, K*, Mg?*, Ca?*)
[19].

INTENSIVE CARE MANAGEMENT

In certain clinical settings, MA may present with severe
symptoms and contribute to increased mortality; therefore, af-
fected patients may require intensive care management [25].
Appropriate management of MA in children and adolescents pri-
marily depends on timely identification of the underlying cause
— for example, elimination of the primary hereditary or acquired
trigger (aldosterone/mineralocorticoid excess, renal tubular de-
fects, excessive alkali administration, etc.) [1, 2, 4, 7, 9]. The pH
threshold for initiating intensive therapy in children has not been
clearly established [7]. Because MA-associated mortality increas-
es when pH exceeds 7.55, this value is considered by some au-
thors to be a reasonable threshold to start treatment [7].

Fluid therapy and correction of electrolyte disorders

Fluid therapy and correction of electrolyte abnormalities are
regarded as first-line treatment for MA [7, 10, 12, 16, 18]. If extra-
cellular fluid volume is reduced (i.e., hypovolemic MA), it should
be corrected with isotonic saline (0.9% NaCl) [1, 4, 12, 15, 18].
Children with hypovolemic MA and urinary ClI~ <20 mmol/L gen-
erally respond well to 0.9% NaCl at a dose of 10-20 mL/kg [1, 2, 4,
32]. In contrast, in hypervolemic MA with urinary CI~ >20 mmol/L,
saline infusion is ineffective [1, 4]. Caution is also required when
administering fluids to children with MA and renal or heart fail-
ure, where excessive fluid administration may worsen the child’s
condition [1, 18].

According to some international recommendations, patients
with very severe MA (blood pH >7.6 with HCOs™ >35 mEq/L) may
be treated with intravenous hydrochloric acid (HCI) (this formu-
lation is not registered in the Russian Federation), which must
be administered via a central venous line [1, 33]. Some authors
also report the use of HCI precursors in children, such as paren-
teral ammonium chloride or arginine chloride (not registered in
the Russian Federation), but only if liver function is normal [1,
16]. International reports describe a favorable experience with
parenteral (intravenous or subcutaneous) ammonium chloride
for the treatment of severe MA associated with vomiting due to
hypertrophic pyloric stenosis in nine neonates [4]. However, tox-
icity associated with this agent has been reported, particularly in
the setting of impaired hepatic or renal function; adverse effects
may include metabolic acidosis and hyperammonemia [4]. In ad-
dition, rapid intravenous administration of ammonium chloride
may exert toxic effects on the central nervous system, including
depressed consciousness and seizures [4].

As an alternative to exogenous HCl and for urgent correction
of MA, some authors also recommend parenteral administration
of arginine hydrochloride [4, 16]. The classic clinical use of argi-
nine hydrochloride is as an arginine source for the treatment of
inborn errors of metabolism [4, 16]. However, informal interna-
tional experience has also demonstrated its efficacy in treating
MA in children across various dosing regimens [13].

Electrolyte disturbances associated with MA — such as hy-
pochloremia, hypokalemia, hypomagnesemia, and hypocalcemia
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KaK NpaBu/o, XopoLLo pearvpyet Ha uHoy3umio 0,9% NaCl 8 nose 10-20
mn/Kkr [1, 2, 4, 32]. C apyroit ctopoHbl, npu MA ¢ runepsonemueit u
NOBbILWEeHHOM KoHUeHTpauueit Cl- 8 mode >20 MMOAb/A MHOY3MOHHas
Tepanus CoNeBbIMM pacTBopamm HeadbdeKTueHa [1, 4]. TakKe Heob-
XOAMMO ObITb OCTOPOXKHbBIM C NPOBeAeHNEM UHPY3UOHHOM Tepanum
npu MA y geTeit ¢ NO4eYHOM UK CEPAEYHON HEAOCTAaTOYHOCTbIO, e
U36bITOYHOE BBEAEHUE KUAKOCTU MOXKET NPUBECTM K YXYALWEHMIO CO-
cTonHMA pebéHka [1, 18].

CornacHO HeKOTOpbIM 3apyberHbIM PEeKOMeHZaUMAM, Naum-
eHTaM C oueHb TAXénbiM MA (pH Kposu >7,6 n HCOs™ >35 maks/n),
peKoMeHAyeTcs BHYTPUBEHHOE Ha3HaveHue ConaHoM Kucnotbl — HCl
(B Poccuickont depepaumnm faHHas Gopma He 3aperncTpupoBsaHa),
KOTOpPYHO HeObX0aMMO BBOAMTbL B LIEHTPanbHyto BeHy [1, 33]. Takxke
No AaHHbIM 3apyDexHbIX aBTOPOB Yy AETeil MOXKHO WMCMONb30BaTb
npepwectseHHUKM HCl, Takme Kak napeHTepanbHble GopMbl X10pH-
[la aMMOHUA UK apruHKHa (B Poccuiickoit Penepaumnn He 3aperu-
CTPMPOBaHbI), HO TOAbKO MPU HOPMaNbHOM GYHKUMM Nedenn [1, 16].
B 3apybexHbix paboTax OnMcaH NONOMKMTENbHbIM OMbIT NPUMEHEHUA
MapeHTepPaNbHOro (BHYTPUBEHHOTO MM MOAKOXKHOIO) BBEAEHUA X/10-
PUAa aMMOHWMA AN neYeHns Taxkénoro MA, CBA3aHHOIO C PBOTOM M3-3a
CTEHO3a NPUBPATHUKA Y 9 HOBOPOKAEHHDIX AeTel [4]. OaHako coobLua-
NOCb O TOKCMYHOCTW, CBA3AHHOM C BBEAEHMEM 3TOrO NpenapaTta, 0co-
6eHHO Npy HapyLeHUM GYHKLMKU NeYEHN WU MOYEK, KOTOpas MOXKET
BKNtOYaTb MEeTaboMYECKMIA aLmna03 U runepammoHvemuto [4]. Kpome
TOro, ObICTPOE BHYTPMBEHHOE BBEAEHME X0PUAA AMMOHUA MOXKET
NPUBECTU K TOKCMYECKOMY BO3AEWCTBUIO HA LEHTPA/IbHYIO HEPBHYH
CUCTeMYy, BK/IHOYas BO3HUKHOBEHWE YTHETEHUA CO3HaHUA 1 cyaopor [4].

B KauectBe anbTepHaTMBbl 3K30reHHoW HCl U 3KCTpeHHOW Kop-
pekumn MA 3apybexkHbIMM aBTOPaMM TaKKe PEKOMEHAYETCA NapeH-
TepasibHOE BBeAEHME MMAPOXA0pPUAa apruHuHa [4, 16]. Knaccuyeckoe
KNMHUYECKOE NMPUMEHEHWE aprMHMHA MMAPOXI0PUAA BKIKOYAET ero
MCNONb30BaHME B KAYECTBE MCTOYHUKA aprMHMHA A1 IeYeHNA BPOXK-
[EHHbIX HapyweHuin obmeHa Bewects [4, 16]. OgHako Heoduuu-
a/IbHbIN 3apybeEKHbIN OMbIT TaKkKe NPOAEMOHCTPUPOBaAN ero adpdek-
TUBHOCTb A1 NeveHns MA y aeTeit ¢ UCNONb30BaHWEM Pa3NINYHbIX
peKkomeHZaumin no gosmposaxmio [13].

INEKTPONUTHbBIE HapyLIEHWA, CBA3aHHble ¢ MA, Takue Kak ru-
NOX0PEeMUs, TUNOKAMEMUA, TMIMOMArHUEMMS U TUNOKabLMeMMA,
ABNAKOTCA OCHOBHbIMM MPUYMHAMM YXYALIEHUS COCTOAHWUA pebéHka
W LOMKHBI KOPPUIMPOBATLCA 40 HACTYM/IEHUA OMACHbLIX A/ KU3HU
OCNOXKHEHWN [2]. U3-33 BAMAHWUA TMNOKA/IMEMMM KaK Ha nepemelle-
Hue H* B KNeTku, Tak 1 Ha peabcopbumio HCOs™ noukamu, eé cneayet
KyN“poBaTb MakcMManbHo BbicTpo [7, 12]. Kpome Toro, BocnosnHeHue
K* n CI” no3BonuT noyke BbiBOAWUTb M36bITOK M [7]. MMNokanmemuio
HeobX0AVMO KOPPEeKTUPOBaTh C MOMOLLbio BBeaAeHWA 4% KCl napeH-
TepanbHo B Ao3e 0,5-1,0 maks/kr [1, 7, 34].

Mg?* 0653aTe/IbHO CleslyeT 3ameLLathb Y AeTel ¢ TrMnomMarHuemu-
€, NOCKO/IbKY OHa MOET NPMBECTM K PE3UCTEHTHOM TMNOKAIMEMUU
[12, 32]. Oo3a Mg** ansa napeHTepanbHOro BBeAEHNA Y AeTel coCTaB-
naet ot 0,2 mmonb/Kr (50 mr/kr) go 4 mmonsb (1 r) kakable 12 yacos
NoL KOHTPONEM MOCTOAHHOTO MOHUTOPUHIA AAHHOTO 3/1EKTPO/IUTA B
CbIBOPOTKe Kposw [35].

Auertasonamup,

TpaaMuMoHHOe nedeHne MA BKIOYAET BBEAEHWE AMYPETMKA
aLeTa3oNaMmaa, KoTopbli ABAAETCA MHIMOUTOPOM KapboaHrMapassl,
CHUXKatOLWMM peabcopbumto HCOs™ B NPOKCMMasbHbIX KaHanbLax no-
YeK, YTO NOBbLILIAET ero NoYeYHyH Kckpeumto [1, 7, 10, 12, 16, 18].
Yeenunuenwue BbisegeHna HCOs™ ¢ MOYOlM NPUBOAMT K HOPManu3saLmm
pH y peteit ¢ MA [10]. Heobxoa¥Mo MOMHUTb, YTO aLETa30NaMUA,
0613a43€ET CUNBbHBIM KaMMypeTUYECKUM AeNCTBMEM, YTO TpebyeT no-
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— are major drivers of clinical deterioration and should be correct-
ed before life-threatening complications develop [2]. Because hy-
pokalemia influences both the H* shift into cells and renal HCOs™
reabsorption, it should be corrected as rapidly as possible [7, 12].
In addition, repletion of K* and CI~ enables the kidneys to excrete
excess HCOs™ [7]. Hypokalemia should be corrected with parenteral
administration of 4% KCl at a dose of 0.5=1.0 mEq/kg [1, 7, 34].

Mg?* should o6sasatensHo be replaced in children with hy-
pomagnesemia, since it may lead to refractory hypokalemia [12,
32]. The parenteral Mg?* dose in children ranges from 0.2 mmol/kg
(50 mg/kg) to 4 mmol (1 g) every 12 hours, with continuous mon-
itoring of serum magnesium levels [35].

Acetazolamide

Conventional treatment of MA includes administration of
the diuretic acetazolamide, a carbonic anhydrase inhibitor that
reduces HCOs™ reabsorption in the proximal tubules of the kid-
neys, thereby increasing renal bicarbonate excretion [1, 7, 10,
12, 16, 18]. Increased urinary bicarbonate excretion normalizes
pH in children with MA [10]. It should be noted that acetazol-
amide has a pronounced kaliuretic effect, necessitating contin-
uous monitoring and correction of K* if hypokalemia occurs [12,
18, 36].

Acetazolamide is widely used to treat critically ill children
and adults with MA despite the lack of robust clinical evidence,
particularly in pediatric and adolescent populations [12, 16].
Several studies in adults — especially those with heart failure or
chronic lung disease — suggest that acetazolamide is effective for
MA treatment [10]. There are limited, inconclusive data suggest-
ing that acetazolamide may accelerate extubation and reduce the
duration of mechanical ventilation [37]. However, to date, insuf-
ficient evidence supports the notion that acetazolamide reduces
time to extubation [10]. In pediatric intensive care, it is recom-
mended to administer acetazolamide orally or intravenously at a
dose of 5 mg/kg/day [18, 26].

Correction of H* losses and limitation of alkali

administration

Correction of hypovolemia with fluid therapy and/or dis-
continuation of diuretics may resolve MA; however, this strategy
can be hazardous in children with multiple organ dysfunction or
capillary leak syndrome in the setting of a systemic inflammatory
response [4]. Therefore, additional treatment strategies include
stopping ongoing H* losses and limiting enteral and parenteral
administration of alkaline solutions [4]. For example, parenteral
infusion fluids can be modified to contain chloride rather than
acetate [4]. International data indicate a beneficial role of solu-
tions with a high concentration of branched-chain amino acids
for MA correction; in these solutions, the chloride concentration
is higher than in 0.9% NaCl [4]. Accordingly, amino acid infusion
solutions are recommended as an alternative to isotonic saline
because they require smaller volumes and are less likely to cause
hypernatremia and fluid overload [15, 38].

Extracorporeal techniques

Continuous renal replacement therapy in severe MA may
serve as an alternative to infusion therapy to reduce the concen-
tration of sodium bicarbonate and bicarbonate-generating salts
[2, 18]. In children with renal failure and/or severe alkalemia, he-
modialysis using a dialysate with a reduced HCOs™ concentration
may be considered [1, 7].
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CTOSAHHOTO MOHWUTOPUHTA M KoppeKuun K* npu nossaeHUn runokanm-
emuu [12, 18, 36].

ALEeTa30NamMmUz, 4acTo UCNONb3YETCA ANA NeYeHUn TAKeNobonb-
HbIX AeTel 1 B3pocabix ¢ MA, HECMOTPA Ha HEXBATKY NMOATBEPKAAIO-
LUMX KNMHUYECKMX UCCNEA0BaHNM, 0COBEHHO B AETCKOM U NOAPOCTKO-
BOM Bo3pacTe [12, 16]. bbl10 NPOBEAEHO HECKONBKO MCCNEeL0BAHMIA
Ha B3pOC/bIX NaLMeHTaX, 0CO6EHHO C cepAeYHON HeA0CTaTOYHOCTbIO
WKW XPOHMYECKMMM 33b60/eBaHUAMM NETKKUX, KOTOpble CBUAETENb-
CTBYIOT 06 3dPEKTMBHOCTU aLeTasonamuga ana nevenms MA [10].
MMmetoTcA orpaHuyeHHble U HeybeanTenbHble faHHbIe O BO3MOXKHOM
addekTe NeYeHmn aLeTasoNammuaoM, HasHauYEHNE KOTOPOTo MO0 Obl
YCKOPUTb 3KCTYbaLMIo U COKPATUTL MPOZOoMKUTeNbHOCTL MBA [37].
OpHaKo, A0 HACTOALLEro BPEMEHU He BblaIo NONYYEeHO AOCTAaTOYHbIX
[l0Ka3aTenbCTs B NOAAEPMKKY MAEUN O TOM, YTO aLETa301aMua, COKpa-
LaeT Bpems 408 3KcTybaumm [10]. B npakTMKe AETCKON MHTEHCUBHOM
Tepanuu ero pEKOMEHAYHOT BBOAUTbL NEPOPANbHO WU BHYTPUBEHHO B
[03e 5 Mr/Kr B cyTku [18, 26].

Koppekuyua notepb H*

weénoum

KynupoBsaHue rmnoBoaemmm 3a CYET HazHaYeHUA UHPY3MOHHOM
Tepanuu U/Man OTMEHbl AMYPETUKOB MOTYT YCTpaHUTb MA, ogHako
[aHHaA TaKTMKa MOMET ObITb OnacHa y AeTei C NOSMOPraHHOW He-
[OCTaTOYHOCTbIO AW NPU CMHAPOME KanUANAPHOM yTeYKM Ha PoHe
CUCTEMHOW BOCMANUTENbHOW peakumm [4]. B cBA3mM ¢ 3TUM, 4ONONHM-
TeNbHblE CTPATETMM SIEYEHUA BKNIOYAIOT NPEKpaLleHne NpoaoKato-
wmxca notepb H* 1 orpaHMyYeHmne 3HTePasIbHOTo M NapeHTepPasIbHOro
BBEZEHMA WeNoYHbIX pacTBopos [4]. Hanpumep, nHY3MOHHbIE cpe-
Abl ANA NapeHTepasbHOro BBEAEHUA MOTYT ObITb 3aMEHEHbI TaKUM
06pa3om, 4yTobbl OHM COAEPNKANMU XNopWA, BMecTo aueTata [4]. 3a-
py6eKHble AaHHble CBUAETENbCTBYHOT O MOJOXKUTENbHOW POAN pac-
TBOPOB C BbICOKOM KOHLEHTPaLMeNn aMMHOKMUCAOT C pPa3BeTBEHHOM
Lenbio Npu KynuposaHun MA, B KOTOpPbIX KOHLEHTpauma CI- Bobiwe,
yem B 0,9% NaCl [4]. B cBA3M € 3TUM, UHDY3MOHHbIE Cpeabl aMUHOKMC-
NIOT PEKOMEHZYIOTCA B KayecTBe a/ibTepHaTMBbl GpU3MONOrMYECKOMY
pacTBOPY, NOCKONbKY OHM TPEBYIOT MeHbLIEro 06bEMa U C MUHUMaNb-
HOM BEPOATHOCTBIO MOTYT MPUBECTYU K TUNEPHATPUEMUM U NEPErPY3KE
®uakoctbio [15, 38].

U orpaHunyeHue BBepeHUA

JKCTpaKopnopanbHble METOAUKHU

HenpepbiBHAsA 3aMeCcTUTE/IbHaA MOYeYHas Tepanua Npu TAKeE-
nom MA MoXKeT 6biTb anbTepHaTUBOW MHPY3MOHHOM Tepanuu ans
CHUMEHMA KOHLEHTPaLUMKN buKapboHaTa HaTpua K coneil, obpasyto-
wyx HCOs™ [2, 18]. Y feTeit ¢ NoYeYHOM HEAOCTaTOYHOCTLIO U/MNK TA-
KENOW aNKaneMmeit MOXKHO PacCMOTPETb BO3MOMKHOCTb NPOBeAEHUA
remoAnanmn3a c UCNob30BaHMEM AMANN3HOTO PACTBOPA C NOHMMKEH-
HOM KoHLeHTpaumen HCOs™ [1, 7].

3AKNIOYEHUE

MA aBnsetca YacTbiMm HapyweHuem KOC B npaKTuKe AeTCKoW
WHTEHCMBHOMN Tepanuu. HecmoTps Ha ero pacnpocTpaHEHHOCTb U
[EeMOHCTPaLMIoO B KayecTBe HEeYyAOBNETBOPUTENbHOTO MPOrHOCTU-
yeckoro ¢akTopa, CBOEBPEMEHHAs [AMArHOCTMKA M TpaKToBKa MA
HepesKo YNyCKaeTca M3 MoAsA 3peHuA Bpayei aHecTe3nooros-pea-
HMMaTONOroB. B €BA3M C 3TUM, HEOBXOAMMO YETKOE NOHUMAHKE 3TUO-
naToreHesa, KAMHUYECKKUX npossneHuii u dopm MA, a TakKe 3HaHUe
COBPEMEHHbIX aITOPUTMOB MHTEHCUBHOW TEPANMUM NPY KyNMpOBaHWUM
AaHHoro Hapywenuma KOC.

CONCLUSION

MA is a common acid-base disorder in pediatric inten-
sive care practice. Despite its prevalence and association with
poor prognosis, timely recognition and correct interpretation of
MA are often overlooked by anesthesiologists and intensivists.
Therefore, a clear understanding of the etiopathogenesis, clinical
manifestations, and forms of MA, as well as familiarity with con-
temporary intensive care algorithms for correcting this acid-base
disorder, is essential.

119



Bykov YuV et al Metabolic alkalosis

AVICENNA BULLETIN
Vol 28 * No 1 % 2026

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

JINTEPATYPA

Kopa¢ M. Evaluation and treatment of alkalosis in children. J Pediatr Intensive
Care. 2019;8(2):51-6. https://doi.org/10.1055/s-0038-1676061

Sur M, Hashmi MF. Alkalosis. In: StatPearls [Internet]. Treasure Island (FL): Stat-
Pearls Publishing; 2024.

Park M, Sidebotham D. Metabolic alkalosis and mixed acid-base disturbance
in anaesthesia and critical care. BJA Educ. 2023;23(4):128-35. https://doi.
org/10.1016/}.bjae.2023.01.002

Tobias JD. Metabolic alkalosis in the pediatric patient: Treatment options in the
pediatric ICU or pediatric cardiothoracic ICU setting. World J Pediatr Congenit
Heart Surg. 2020;11(6):776-82. https://doi.org/10.1177/2150135120942488

Do C, Vasquez PC, Soleimani M. Metabolic alkalosis pathogenesis, diagnosis, and
treatment: Core Curriculum 2022. Am J Kidney Dis. 2022;80(4):536-51. https://
doi.org/10.1053/j.ajkd.2021.12.016

Brinkman JE, Sharma S. Physiology, Metabolic Alkalosis. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2024 Jan.

Achanti A, Szerlip HM. Acid-base disorders in the critically il patient. Clin J Am Soc
Nephrol. 2023;18(1):102-12. https://doi.org/10.2215/CIN.04500422

Emmett M. Metabolic alkalosis: A brief pathophysiologic review. Clin J Am Soc
Nephrol. 2020;15(12):1848-56. https://doi.org/10.2215/CIN.16041219

Kamel KS, Shapiro J, Harel Z. A 23-year-old woman with metabolic alkalosis
and hypokalemia. CMAJ. 2024;196(22):E760-E764. https://doi.org/10.1503/
€maj.240163

Lépez C, Alcaraz AJ, Toledo B, Cortejoso L, Gil-Ruiz MA. Acetazolamide therapy
for metabolic alkalosis in pediatric intensive care patients. Pediatr Crit Care Med.
2016;17(12):551-8. https://doi.org/10.1097/PCC.0000000000000971

Fulchiero R, Boe DM, Seo-Mayer P. Evaluation and management of metabolic
alkalosis in children. Pediatr Nephrol. 2024;10:247-56.

Bar A, Cies J, Stapleton K, Tauber D, Chopra A, Shore PM. Acetazolamide therapy
for metabolic alkalosis in critically ill pediatric patients. Pediatr Crit Care Med.
2015;16(2):e34-40. https://doi.org/10.1097/PCC.0000000000000313

Sierra CM, Hernandez EA, Parbuoni KA. Use of arginine hydrochloride in the
treatment of metabolic alkalosis or hypochloremia in pediatric patients. J Pe-
diatr Pharmacol Ther. 2018;23(2):111-8. https://doi.org/10.5863/1551-6776-
23.2.111

Yi Y. Post-hypercapnic alkalosis: A brief review. Electrolyte Blood Press.
2023;21(1):18-23. https://doi.org/ 10.5049/EBP.2023.21.1.18

Ryuge A, Nagamine S, Saito M, Matsumoto N, Asano M. Hypernatremic chloride-
depletion metabolic alkalosis successfully treated with high cation-gap amino
acids: A case report. CEN Case Rep. 2024;13(4):229-32. https://doi.org/10.1007/
$13730-023-00837-z

Heble Jr DE, Oschman A, Sandritter TL. Comparison of arginine hydrochloride
and acetazolamide for the correction of metabolic alkalosis in pediatric
patients. Am J Ther. 2016;23(6):e1469-e1473. https://doi.org/10.1097/
MIJT.0000000000000147

Velissaris D, Karamouzos V, Ktenopoulos N, Pierrakos C, Karanikolas M. The use
of sodium bicarbonate in the treatment of acidosis in sepsis: A literature update
on a long term debate. Crit Care Res Pract. 2015;2015:605830. https://doi.org/
10.1155/2015/605830

Gillion V, Jadoul M, Devuyst O, Pochet JM. The patient with metabolic alkalosis.
Acta Clin Belg. 2019;74(1):34-40. https://doi.org/10.1080/17843286.2018.1539
373

Allen GT, Shipman AR, Darragh-Hickey C, Flowers KC, Shipman KE. Investigative
algorithms for disorders affecting alkalosis: A narrative review. Journal of Labo-
ratory and Precision. 2022;7:1-14. https://doi.org/x.doi.org/10.2103rg/10.2103

REFERENCES

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Downie ML, Lopez Garcia SC, Kleta R, Bockenhauer D. Inherited tubulopathies
of the kidney: Insights from genetics. Clin J Am Soc Nephrol. 2021;16:620-30.
https://doi.org/10.2215/CJN.14481119

van den Bunder FAIM, van Woensel JBM, Stevens MF, van de Brug T, van Heurn
LWE, et al. Respiratory problems owing to severe metabolic alkalosis in infants
presenting with hypertrophic pyloric stenosis. J Pediatr Surg. 2020;55(12):2772-
6. https://doi.org/10.1016/j.jpedsurg.2020.05.041

Soleimani M. Metabolic alkalosis in cystic fibrosis: From vascular volume
depletion to impaired bicarbonate excretion. Front Endocrinol (Lausanne).
2024:15:1411317. https://doi.org/10.3389/fendo.2024.1411317

Kardalas E, Paschou SA, Anagnostis P, Muscogiuri G, Siasos G, Vryonidou A.
Hypokalemia: A clinical update. Endocr Connect. 2018;7:R135-46. https://doi.
org/10.1530/EC-18-0109

Hopkins E, Sanvictores T, Sharma S. Physiology, Acid Base Balance. StatPearls
[Internet]. 2022.

Palmer BF, Clegg DJ. Metabolic alkalosis treatment standard. Nephrol Dial Trans-
plant. 2024;39(12):1985-92. https://doi.org/10.1093/ndt/gfae195

Tinawi M. Pathophysiology, evaluation, and management of metabolic alkalosis.
Cureus. 2021;13(1):e12841. https://doi.org/10.7759/cureus.12841

Dhondup T, Qian Q. Acid-base and electrolyte disorders in patients with and
without chronic kidney disease: An update. Kidney Dis (Basel). 2017;3(4):136-48.
https://doi.org/10.1159/000479968

Kamel KS, Halperin ML. Interpretation of electrolytes and acid base parameters
in blood and urine. In: Skorecki K, Chertow GM, Marsden PA, editors. Brenner
and Rector’s the kidney 11' ed. Philadelphia: Elsevier; 2019: 758-95.

Seifter JL, Chang HY. Disorders of acid-base balance: New perspectives. Kidney
Dis (Basel). 2017;2(4):170-86. https://doi.org/10.1159/000453028

Sanghavi SF, Swenson ER. Arterial blood gases and acid-base regulation. Semin Re-
spir Crit Care Med. 2023;44(5):612-26. https://doi.org/10.1055/s-0043-1770341

Assadi F. Urine anion gap can differentiate respiratory alkalosis from metabolic
acidosis in the absence of blood gas results. Pediatr Pulmonol. 2023;58(6):1815-
7. https://doi.org/10.1002/ppul.26392

Tinawi M. Hypokalemia: A practical approach to diagnosis and treatment. Arch
Clin Biomed Res. 2020;4:48-66.

Guffey JD, Haas CE, Crowley A, Connor KA, Kaufman DC. Hydrochloric acid infusion
for the treatment of metabolicalkalosisin surgical intensive care unit patients. Ann
Pharmacother. 2018;52:522-26. https://doi.org/10.1177/1060028018754389.

Clouser AA, Merchan CD, Bashqoy F, Tracy JL, Papadopoulos J, Saad A. Evaluation
of parenteral potassium supplementation in pediatric patients. J Pediatr Pharma-
col Ther. 2023;28(1):48-54. https://doi.org/10.5863/1551-6776-28.1.48

Gragossian A, Bashir K, Bhutta BS, Friede R. Hypomagnesemia. StatPearls [In-
ternet]. 2023.

Ellison DH. Clinical pharmacology in diuretic use. Clin J Am Soc Nephrol.
2019;14:1248-57. https://doi.org/10.2215/CIN.09630818

Heming N, Urien S, Fulda V, Meziani F, Gacouin A, Clavelet M, et al. Population
pharmacodynamics modeling and stimulation of the respiratory effect of
acetazolamide in decompensated COPD patients. PLoS One. 2014;9:86313.
https://doi.org/10.1371/journal.pone.0086313

Ryuge A, Matsui K, Shibagaki Y. Hyponatremic chloride depletion metabolic

alkalosis successfully treated with high cation-gap amino acid. Intern Med.
2016;55(13):1765-67. https://doi.org/10.2169/internalmedicine.55.6356

(i) CBEAEHMA OB ABTOPAX

BbikoB lOpwuii Butanbesuy, KaHaMAAT MEANLMHCKMUX HayK, AOLEHT Kadeapbl
aHeCcTe3noNorMn U peaHumatonorumn ¢ kypcom N0, CTaBpononbekuid rocy-
[aPCTBEHHbIN MEAULMHCKWIA YHUBEPCUTET; Bpay aHecTe3noNor-peaHnmaTto-
nor, CTaBpono/bCKan AeTcKas KpaeBas KNMHUYecKas 60nbHULa

ORCID ID: 0000-0003-4705-3823

E-mail: yubykov@gmail.com

120

(i) AUTHORS' INFORMATION

Bykov Yuriy Vitalyevich, Candidate of Medical Sciences, Associate Professor of
the Department of Anesthesiology and Intensive Care with a Course of Addi-
tional Professorial Education, Stavropol State Medical University; Anesthesiol-
ogist-Reanimatologist, Regional Children's Clinical Hospital

ORCID ID: 0000-0003-4705-3823

E-mail: yubykov@gmail.com



Buikos OB ¢ coasm. Metaboanmdeckuit aaxaao3

BECTHMK ABUMILIEHHEI
Tom 28 = No 1 % 2026

06eanH AnekcaHap HuKonaeeuu, LOKTOP MEAWMUMHCKMX HayK, LOLUEHT, 3a-
BeaylowWmMit Kadeapoit aHecTe3Monormn M peaHnumaronorum ¢ Kypcom A0,
CTaBPONONLCKMIA FOCYAAPCTBEHHbIA MEAULMHCKUIA YHUBEPCUTET, 3amecTu-
Te/b [IaBHOTO BPaya no neAmaTpudeckoit nomoLum, CTaBpononbCKUin Kpaesoit
KAMHUYECKMI NepuHaTaibHbIi LeHTp Ne 1

ORCID ID: 0000-0002-9990-7272

E-mail: volander@mail.ru

duwep Bacunuii Bnagumuposuy, KaHaMAAT MEANLMHCKUX HAYK, [OLEHT Ka-
depapbl aHecTesvonorMm 1 peaHumatonoruu ¢ kypcom M0, CraBpononbekuii
roCyAapCTBEHHbIA MEAULMHCKUIA YHUBEPCUTET; 3aMeCTUTeNb [1aBHOTO Bpaya
N0 MeAMLMHCKOMN YacTK, LLinakoBcKas palioHHas 60nbHULA

ORCID ID: 0000-0002-9841-6930

E-mail: vfisher26@gmail.com

Bonkos EBreHuit BnagummpoBuy, KaHaMaaT MeAULMHCKMX HayK, AOLEHT Ka-
beapbl aHeCTe3UONOTMM 1 peaHumaTonormm ¢ Kypcom M0, CtaBpononbeKmit
roCy4aPCTBEHHbIN MEAULMHCKWIA YHUBEPCUTET; 3aBEAyOWMn OTaeneHnem
aHecTesvonorum-peaHumauimm Ne 1, CTaBponosibcKas Kpaesas KAMHUYecKas
60/1bHULA

ORCID ID: 0000-0002-9841-6930

E-mail: volkov26@mail.ru

3uHYeHKo Oner BacunbeBuuY, KaHAMAAT MEAWLMHCKMUX HayK, JOLEHT Kade-
[pbl AHECTe3MONOTMKM U peaHumatonornn ¢ kypcom MO, CTaBpononbCKuii
roCyAapCTBEHHbIN MeAULMHCKMIA yHUBEPCUTET

ORCID ID: 0000-0003-4729-5101

E-mail: regionar2008@yandex.ru

fluyk UBaH BMKTOPOBMY, KaHAMAAT MEAMLMHCKUX HayK, AOUEHT Kadeapbl
aHeCcTe3noNorMM 1 peaHnmaronorun ¢ kypcom M0, CTaBpononbekuii rocy-
[APCTBEHHbI MEAULMHCKUIA YHUBEPCUTET; 3aBEeAyIOWMIA OTAENEHUEM aHe-
cTesnonoruu-peaHnmanmm Ne 1, CtaBpononbcKas ropogckas 601bHULA CKo-
POt MeAMLMHCKOM NOMOLLU

ORCID ID: 0000-0001-5482-8581

E-mail: yatsukiv@gmail.com

NHbopmaums 06 UCTOUHUKe NoAAEPKKU B BUAE rPaHTOB, 060pyA0BaHUS,
NeKapcTBeHHbIX NpenapaTos

dUHaHCOBOWM NOALEPHKKM CO CTOPOHbI KOMMaHMIt-Npou3BoauTeNel nekap-
CTBEHHbIX NPEMNaPaTOB ¥ MeAMLIMHCKOTO 060pYA0BaHUS aBTOPbI HE NONYYau

KoHdnuKT nHTepecos: otcyTcTayet

DA ALPEC O11A KOPPECMOHAEHUMM:

BbikoB FOpuii Butanbesny,

KaHAMAAT MEAVLMHCKMX HayK, AOLEHT Kadenpbl aHECTE3NONOTUM U peaHu-
matosnoruu ¢ kypcom MO, CTaBponoibCKMiA rocyAapCTBEHHbIA MeAULMHCKUIA
YHWMBEPCUTET; Bpay aHecTe3uonor-peaHnmaronor, CTaBpononbekas AeTcKas
KpaeBas KNMHMYEeCKas bonbHuULA

355031, Poccuiickas Penepaups, r. Crasponons, ya. Mupa, 310
Ten.: +7(962) 4430492
E-mail: yubykov@gmail.com

BKJIAL ABTOPOB

Pa3paboTka KOHLEeNuuu 1 ausaiiHa nccneposaHus: 6IOB, OAH
C6op matepuana: BEB, 30B, ANB

AHann3 nony4eHHbIX AaHHbIX: 6HOB, ®BB, BEB, 30B, ANB
MoarotoBka Tekcta: BB, BEB, 30B

PepaktnuposaHue: OB, OAH, ®BB

06Lwasn otBeTCTBEHHOCTb: BIOB, OAH

19.01.25
26.02.26

Mocmynuna
lMpuHAmMa 8 neyame

Obedin Aleksandr Nikolaevich, Doctor of Medical Sciences, Associate Profes-
sor, Head of the of Department of Anesthesiology and Intensive Care with a
Course of Additional Professional Education, Stavropol State Medical Univer-
sity; Deputy Chief Physician for Pediatric Care, Stavropol Regional Clinical Per-
inatal Center No. 1

ORCID ID: 0000-0002-9990-7272

E-mail: volander@mail.ru

Fischer Vasiliy Vladimirovich, Candidate of Medical Sciences, Associate Profes-
sor of the Department of Anesthesiology and Intensive Care with a Course of
Additional Professional Education, Stavropol State Medical University; Deputy
Chief Medical Officer, Shpakovskaya District Hospital

ORCID ID: 0000-0002-9841-6930

E-mail: vfisher26 @gmail.com

Volkov Evgeniy Vladimirovich, Candidate of Medical Sciences, Associate Pro-
fessor of the Department of Anesthesiology and Intensive Care with a Course
of Additional Professional Education, Stavropol State Medical University; Head
of the Department of Anesthesiology and Intensive Care No. 1, Stavropol Re-
gional Clinical Hospital

ORCID ID: 0000-0002-9841-6930

E-mail: volkov26@mail.ru

Zinchenko Oleg Vasilievich, Candidate of Medical Sciences, Associate Profes-
sor of the Department of Anesthesiology and Intensive Care with a Course of
Additional Professional Education, Stavropol State Medical University

ORCID ID: 0000-0003-4729-5101

E-mail: regionar2008 @yandex.ru

Yatsuk Ivan Viktorovich, Candidate of Medical Sciences, Associate Professor of
the Department of Anesthesiology and Intensive Care with a Course of Addi-
tional Professional Education, Stavropol State Medical University; Head of the
Department of Anesthesiology and Intensive Care No. 1, Stavropol City Clinical
Emergency Hospital

ORCID ID: 0000-0001-5482-8581

E-mail: yatsukiv@gmail.com

Information about support in the form of grants, equipment, medications

The authors did not receive financial support from manufacturers of medi-
cines and medical equipment

Conflicts of interest: The authors have no conflicts of interest

<] ADDRESS FOR CORRESPONDENCE:

Bykov Yuriy Vitalyevich
Candidate of Medical Sciences, Associate Professor of the Department of An-
esthesiology and Intensive Care with a Course of Additional Professional Edu-
cation, Stavropol State Medical University; Anesthesiologist-Reanimatologist,
Children's City Hospital

355031, Russian Federation, Stavropol, Mira str., 310
Tel.: +7 (962) 4430492
E-mail: yubykov@gmail.com

AUTHOR CONTRIBUTIONS

Conception and design: BYuV, OAN

Data collection: VEV, ZOV, YalV

Analysis and interpretation: BYUV, FVV, VEV, ZOV, YalV
Writing the article: FVV, VEV, ZOV

Critical revision of the article: BYuV, OAN, FVV

Overall responsibility: BYuV, OAN

Submitted
Accepted

19.01.25
26.02.26

121



