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N

< 0 Opkos ToY INMTOKPATOYS
FPESEMNYM] ATOAMANA [HTPON KAT ASKAHTTON

GRAGTAS TE KA| TASAS, ISTOPAS NOlEYMENOS BT
TEAEA NOIHSEIN KATA AYNAMIN KA[ kPISIN EMHN
OPXON TONAE KA| FYITPAGHN THNAE HTHsASE
Al MENTON AIAATANTA ME THN.TEXNEN TAYTH
M 54 TENETHSIN BMols| KAIRIOY KolNnsASeAl k
Al XPENN XPHIZONTI METAAOSIN NolHSASBA] k
Al TENOS To BT NYTROY AAEAGOIS [SON EMIKPIN
ERIN APPES] KAl AIAAZEIN THN TEXNHN TAYTHN
HN XPHIZNS| MANGANEIN, ANEY Miseoy kAl TY
FTPAPHS, TAPATTEAIHS TE KAl AKPOHSIOS KAI THS
AOINHS ATASHS MAeHSlos METAAOSIN MO[HSAS
SAl YIOI4 TE BMOISE KAl TolSi ToY EME MAATAN
Tos, KAl MABHTAIS| SYTTETPAMMENOISI TE KAl NP
KISMENOIS NoMA, IHTPIKn, AMA, AE OYAENS
AIAITHMASI TE XPHSOMA BT NOEAEIH, kAMNO
NTAN KATA-AYNAMIN KAI KPISIN EMHN. ENt| AHAH
SEI AE KAl AAIKIH, EIPEEIN ma Oy Anén AR OYAR
APMAKON OYAEN] ATHEE|S SANASIMON OYARY
SHTHSOMA] TYMBOYAIHN TOIHNAR' oMolng A oy
AR T'YNAIKI NESSON$BOPION ANS A g@ATNNS A
B KAJ 0$Ing AIATHPHS BlON ToN EMON KAI TEXN
HN THN EMHN. zu OY TEMEN. AE OYAE MHN Ale
INNTAS, BkXNPHSA AE BPTATHSIN ANAPASI NP
HElos THIAE me ES OIKIAS AR OKOSAS AN BSIN
ESEAEYSOMAT BN NOEAEIH KAMNONTAN, BKT
0$ ENN MASHS AAIKIHS EKOYSIHS KAl $80PIHS,T
H$ TE AAAHS KAl AGPOAISINN EPTAN BN TE Y
NAIKEINN $SnMATAN kAl ANAPANN EAEYBEP
NNTE KAl AoYANNgmA A AN BN BEPAMEIH,
H [An, H AkoY$n, H KAl ANEY ©EPAMHIHS KATA B
ION ANePANINN A MH XPH NOTE EKAAARESOAL
EEN, SITHSOMAL APPHTA HTEYMENOS EINAI TATo
IAYTA e OPKON MEN OYN Mo| TONAE EMTEAE

Al KAl BIOY KA| TEXNHS AOT AZOMENN, [TAPA TN
ASIN ANePNT0lS E$ TON AIEI XPONON TTAPARA
NONTI AE KAl BNIOPKOYNTI, TANANTIA TOYTENN,

A NOIEONTI, kAl MH EYTXEONTI, EIH ENAYPASe.
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Euxoplotieg...

Oa nbeha Wblaitepa va euxaplotiow Tov Kabnyntr kat pévtopa pou, kK Nlewpyomnoulo,
yla TNV eumiotoouvn, kabBodryynon kat aneploptotn Bonbeia tou

OXL HOVo yla T mapovoa datpipn,

OAAQ KOL yLot TNV TOPELA oV, EEKLVWVTAC OO TA GOLTNTLKA LOU XPOVLA...

Oa nBela va euxaplotow tnv MveupovoAoyo, kK MnTpouoka, yla TtV
oUMIOPACTACN TNG, OAAA KAl yla T onuavtiky Bondeta g
yla tn oxediaon kat oAokAnpwon tng datplfng pou...

Oa nBeha vo EUXAPLOTHOW TO TMPOCWIILKO TOU TUAHATOC TwV Emelyovtwy MNeplotatikwy,
™¢ Movadag Evtatikng Oepaneiag, Tng MveupovoAloytkng kat NMaboAoyikng KAWVIKNAC
yla TNV OAUTLUN TIPoodopd TOU yLO TNV EKTIOVNON QUTAC TN dlatplpnc...

T€Aog, Ba NBeAa va eUXOPLOTAOW TNV OLKOYEVELX LOU YLO TNV OTEPLOPLOTN
UTIOOTNPLEN KaL UTIOLOVA TNG....
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ZYNTOMOIPAOIEZ

AG: anion gap (xaouo aviovtwv).

AG,qj: AG adjusted (xdopo avioviwv dlopBwpevo yia tnv enidpaon tng aABoupivng tou
opov).

Alb: aABoupivn opou.

APACHE Il: Acute Physiology and Chronic Health Evaluation Il.

A¢or: 200V Un TITNTIKA O&€QL.

BE: éN\ewupoa/mepioostla Baong.

Clcor/ Cl corrected : XAWpPLO SlopBwpévo yla Tnv enidpacn tng EAewpng/nepioosiag vepou.
[HCO3]: ouykévipwan Sittavabpakikwy oTo MAACHA.

PaCO,/ pCO,: peptkn Tieon tou Stogeldiou Tou AvBpaka OTo aipa.

Pi: avopyavog dpwodopog.

SID¢ss: effective strong ion difference.

SID4pp: apparent strong ion difference.

SIG/ XA™: strong ion gap (un HeTpoUpEVa avLOVTa LE BAon TN GUCLKOXNMLKY TIPOCEYYLoN).

SIGcor/ SIGcorrected/ XA corrected: SIG (|..ll‘] HSTPOU HEVQ avwovta ME BO'lOfl m CI)UO'[KOXI’] MLKI"]
npoogyylon)dlopBwpévo yla tnv enidpaon tng ENewpng/nepicoslag vepou.

SOFA: Sepsis—related Organ Failure Assessment.
TEN: TuAua Emelyoviwy Meplotatikwy.

MEO: Movada Evratikn¢ Oepaneiag.
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MPOAOIOz

H ofeofaoikr LooppoTtia ToU MAACUATOC AMOTEAEL LEPOG TNEC OLOLOOTAONE TOU avOpwItlvou
OPYQVIOHOU, HE OTOXO TNV KATAAANAN Loopporia peTtafl offwv Kal BAcEwV, N omoia otnv
ouoia avtkatomntpiletal and tnv TN tou pH Tou MAdopatoc. O avBpwmvog OpyavIoUOG
elval moAU evaioBntog¢ oe allayég tou pH, omote oxupol pnxaviopol udilotavtal
npokelpévou va SwatnpnBel. ©Otav to pH elval ektd0¢ Twv EMTPENTWV Opilwv, ol
duclohoykEG Aeltoupyieg Tou avBpwrivou cwpatog emnpealovial, HE TAPASELYHA TNV
HeTouolwon Kal MEPYN Twv MpwTteivwy, tn SuoAsltoupyia Twv evilpwy, evw Bavatog pmopet

va oupBel og akpaieg TIWEG auTou.

To yeyovog otL n Swatipnon tng ofeoBaocikng Looppormiag eivat BepeAwdng ywa v
Swatipnon ¢ Iwng E€lXe WG AmMOTEAECUA TNV avamtuén Tpuwv HeBOSwv-oxoAwv
TIDOKELUEVOU VO TIPOOEYYLOTEL HE TOV KAAUTEPO TPOmo: n UEBodo¢ otnplldouevn otn
OUYKEVTPWON Twv OlttavBpakikwv oto TAdcpa, n  HéEBodogc otnpulduevn oto
ENewupa/mepioosla Baong kat N $puotkoxnUkn mpoaoéyylon. H teAeutaio péBodog amotelel

pio evaAdaktikn pEBodo kat €xel kepbioeL Tnv mpoooxn TI§ TeAeutaieg dekaeTied.

H emotnuovikn kowotnta £xel amooXoAnbel, MPOKEIUEVOU v CUYKPIVEL TIC TOPATIAVW
HEBBGSOUC OXETIKA e TNV €ykatpn Sldyvwon Twv dlatapaywv Tng ofeofactkng Looppomiag.
OL mneploootepeg peAéte¢ adopouv aocbeveic Popéwg maoyovieg KoL aoBeveig
voonAeuopevoug oe Movadeg Evratikng Oeparmeiag, otoug omoioug ol Slatapaxég tng
oeoBaolknC Looppormiacg, Kol olaitepa ol oUvOeTeg SlATAPOXEG AUTHG, AMOTEAOUV TOV

Kovoval.

Me Baon ta mapamavw, n Tmapouca HEAETN OXeSLAOTNKE Kol TPAYUATOTMOL)OnKe
TIPOKELUEVOU VA EKTIUNCEL TN PUOLKOXNULK TIPOCEYYLON KOL VO TN OUYKPLVEL PE TIg
TapaSOOCLOKEC TIPOOEYYIOELG O [N eTAEYUEVOUC a0Bevelg, aveaptnTwg amo tnv vooo Kal

™ BaputnTa QUTAC.
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To meplexouevo tng epyaciag Statpeital oe Mevikd kat Edikd Mépog. Ito Mevikd Mépog
napouolalovtal oL TPELG TPOOEYYLOELG TNG 0€eoPaaIkAG Looppomiag. MeyaAUtepn avadopd
ylvetal otn ¢uoIKOXNULKN) TIPOCEYYLON Kol TOPOUCLALETAL EKTEVWG N Bewplia TNG, 0 TPOTOG

edappoyng otnv KABnUepPLVA LATPLKN TIPAEN Kot N KAWVIKA TNG XPNOLLOTNTA.

210 EW8ikd Mépog mapouolaletal n HEAETN HOC KAl TOL CUMMEPAOUOTA TNG. H mapouoa
HEAETN Mpaypatonow|Bnke oto Mavenotiuio tou HpakAeiou Kpntng. Me ta anoteAéopata

™G MEAETNG Hag Onuoolevbnke Tto €€G ApBpo (EMOUVATTETAL OTO TEAOG TOU

OUYYPAUHATOG):

Antonogiannaki EM, Mitrouska I, Amargianitakis V, Georgopoulos D. Evaluation of acid-base
status in patients admitted to ED-physicochemical vs traditional approaches. Am J Emerg

Med. 2015 Mar;33(3):378-82.
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NAPAAOZIAKEZ NMPOZEITIZEIZ

lotopwkn avadpoun

OL uéBoboL  otnpllOUEVEG OTn  OUYKEVIPWON TwV  OSITTavOpaKKWY  Kal  To
ENewupa/nepiooela BAaong amoteAoUV OHMEPA TG EMLKPATOUOEC KAl TOPOSOCLAKES
TPOOoEeyYioelg TNG ofe0PBacIKAG LoOppOTaC. H «OVIEPVOY ETOXH TIPOCEYYLONG EEKLVA OTLG
apxéc tou 19V auwwva PE pLot OElpd EPELVNTWV va TPooTtofolv val EpUNVEVUCOUV TNV
ofeofaoikn ooppormia. Itnv ouvéxela, BOa yivel avadopd OTOUC ONHOVTIKOTEPOUG

otaBuoug, oL omoiol 08ryncav oTn GNUEPLVA YVWON KOL TIPOKTLKN).

O leppavog Sgrensen (1868-1939), elorjyaye 1o 1909 yla mpwtn ¢opd TOV AVATPEMTIKO YL
NV emnoxn 6po tou “pH”. Ito pHaKpOOKEAEG clyypaupa tou [1], e€nynoe avaAutikd tnv
€volo Kol onupacia Twv pubuloTIKwy  SLAAUPATWY, TNG OUYKEVIpWONG Twv
udpoyovokaTlOVTWY Kal Kot eméktacn tou pH otnv ofeofacikr Looppomia Tou
nmAacpatog. O Sgrensen [1] xpnowlomnoinoe eniong Toug 6poug ofU/Baon otn mpoomnabeia
TOU va Tpooeyyioel Tnv ofsofaoctkn wooppomia, aA\d o Brgnsted kal o Lowry, yla mpwtn
dopad 10 1923 enmikevipwOnkav ota LOVIa USPOYOVOU yLla va ENyNOOUV TOUG MOPATIAVW

opoucg [2].

O Brgnsted (1879-1947) kat o Lowry (1874-1936), 6ploav wg oV €va CUCTATLKO, TO OToLo
Ikavo va ameleuBepwvel €va OV udpoyovou oe €va debopévo pH, kal w¢ Baon éva
OUOTOTIKO KavO va Oeopelel éva OV udpoyovou, avtiotolya. O Brgnsted emiong,
XPNOLLOTIOLWVTAC TIG TIPATIAVW E£VVOLEG, €lonyaye tn W0€a Twv ouvluywv (Euywv otnv
oeoPBaoikn ooppormia. ‘Eva Wbavikd puBulotikd levyog, cuudwva pe tov (blo, ival éva

000evEG 0V o€ LooppoTtia pe TNV avtiotolyn acBevr) Baon.

O Henderson (1878-1942) xpnoOWOMOLNCE TOV VOHO TNG EVEPYELOG TNC palag yla T
Slaomaon evog aoBevoug 0€€o¢ kal Tou AAATOoG, Tou oxnuatiletal o€ cuvduaouo PE pia

toxupn Baon. O Bjerrum g€€dpace Tn otabepd SLACTIACNC WG EVAV APVNTIKO OAyOpLOUO-
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yeyovog nou enetpePe otov Hasselbalch [3] va petatpédet tnv e€iowon tou Henderson oe

AoyapBuikn e¢lowon.

O Van Slyke (1883-1971) xpnolwuonoinoe Oladopeg HeBOSoOUC TPOKEIUEVOU va
POooSLloploEL T A€pLla MAPAYWYA CUOTATIKWY TOU QiMATOg KOl €vol yvwoTog ylo TV
ouokeun tou (Van Slyke ouokeun) kot yla to €alpeTikd ocuyypaupa [4], mou cuvetate oe
ouvepyaoia Ue tov JP Peters. Me tnv cucokeun Tou Atav duvatn n PETpnon TG00 TNG OALKNAG
OUYKEVTPpWONG Tou Slogeldiov tou avbpaka oTo aipa, 600 Kal Tou pH XpnoLUOTMoLWVTOG
€va NAEKTPOUETPO. H pETPNON TWV MAPATIAVW OCUOTATIKWY KoBlotoloe ekt TNV

edappoyn ¢ e€ilowong twv Henderson-Hasselbalch otnv kAwikn mpaén.

Kata tnv emdnuio tng moAlopueAitidag otnv Aavia (1952-1953), o Poul Astrup kat n
opada tou avémrtuéav Sladopeg ueBOSoUC MpoKeLUEVOU va eival edikTr n Slakplon Twv
OVOTIVEUOTLKWY KOl UN-QVOTIVEUOTIKWY Slatapaxwv tng ofeoPaocikng tooppomiag [5-7]. O
Siggaard-Andersen CUMUETE(XE OTnNV Mopamavw opada kot to 1960 mapouciacav pia
HEBoSOo yLa mMPoodloplopod Tou pH, TG LEPLKNC Tiieong Tou dlogeldiou Tou avBpaka Kabwg
Kal Tou eAeippatog/nepiooelag Baong oto mAdopa [8]. To éNelppa/nepioosta Baon (BE)
xpnotpornotnke wg Selktng Twv HeTaBoAKWY dlatapaxwv the ofeoBacIknG LOOPPOTTLAC.
AUo xpovia oapyotepa, o Siggaard-Andersen Onpoociceuce TNV PEAETN TOU ylad TIG
oeoPaoikég Slatapayxeg o€ okUAouG [9], otn ouvéxela akolouBnoe n dnuocicuon Tou
vopoypappatoc tou [10], evw téAo¢ n SwatplBy tou [11], n omoia mepléypade tnVv

o0&eoBaoLKN KOTAOTAON TOCO TOU MAACUATOG OGO KOl OAOKANPOU TOU OPYQVLIOUOU.

H npoogyyion otnpLl{OeVn 0T CUYKEVTPpWON TWV StttavOpakikwv [HCO;]

MapoAo TOU ATAV YyVWOTH N PUOULOTIKN WOXUC TWV HN- OVOPAKIKWY CUCTATIKWY, O
Henderson [12] édwoe éudaon otnv cuykévipwon twv StttavOpakikwyv [HCO3] wg éva
ONUAVTLIKO QAKAAIKO PUBULOTIKO SLAAUMA OE MEPIMTWOn MEPLOOELNG 0E£0GC OTA CWHATIKA

uypa (dAAa amod to avBpakikd ofv, petpolevo we StaAupévo CO,). Eddpuooe tov vouo
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™G evépyelag ¢ palag ywa tnv avtidpacn wooppormiag tou avOpakikol o&£og, Omou

TPOEKUPE N yVwoTr e£iowaon Tou yla Tov MPooSLopLopd Twv vIwv uSpoyovou [H] :
[H']= (K x [CO,])/ [HCO3] (e€icwaon Henderson),

omnou K, n otaBepa ¢ avtidpaong kat [CO,], N oAk} CUYKEVTPWON ToU SLAAUUEVOU

So€eldbiou Tou avBpaka (CO,)

H napanavw efiowon tpononolnke anod tov Hasselbalch [3] AapBavovtag unogn tnv

KAlpaka tou pH, onwc mpotdabnke amnd tov Sgrensen [1]:
pH = pK + log [[HCOs']/ (SCO, x P,CO,)] (e§icwon Henderson-Hasselbalch),

omou SCO,, avtumpoowneVEeL To cuvteAeotn Stahutotntag tou CO; kat P,CO,, N LEPLKA

niieon tou CO,
JUpdpwva Ue Tn Bewpla avtn:

* H noodtnta twv HY, n omoia mpootiBetal i adatpeital and o mAdoua kabopilel To
TEAKO pH.

* OL KUTTOPLKEG MEMPPdvec eival Suvntikd Siamepatéc amd ta HY, o6mote tdoo ol
€VOOKUTTAPLEG OO0 Kal OL EEWKUTTAPLEG AVTLOPATELS UITOPOUV VA EMNPEACOUV TO pH.

= H avAdAuon tTwv pn mTnTkwv pubulotikwy StaAupdtwy Sev gival amapaitntn yla v

epunvela g oeoBacikig Loopporiag.

Av koL n padnuoatiki meplypadn tng e€lowong wooppormiag tou avBpakikol of€og Ntav
evlladépovoa oe BewpnTikd emimedo, n TPAKTKA TNG ONUOCLOC Oev £ylveE OUECWC
eudavng. To 1914, o Van Slyke [13] peAetoloe 1o SLaPNTIKO KW, EVW €pyalotav oto
Rockefeller Institute. Me okomo va B€oel tnv e€lowon Twv Henderson-Hasselbalch kAwika
epapuodoun, emvonoe peBddoug PéETpnong ya kAbe pia amd T tpelg petaBAnteg (pH,
[HCO3], P,CO,). Méoa oe 3 xpbvia, Snuloupynoe Ml CUOKEUN METPNON aspiwv Tou
ailpotog mpokelpévou va petprjoet to CO; tou mMAAopatog. Asdopévou OTL To NAEKTPOSLO
yla ™ pétpnon tou pH edpeupébn to 1923, o Van Slyke moAU oclUvtopa pmopolos va

npoodlopiloel TNV HePLKA Ttieon tou CO,, To 0Alkd CO, kal To pH Tou mAdouatog [14, 15].
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Xpnowlonowwvtag TG véoug HeBOSdoug, o Van Slyke pmopoloe va kobBopioel tnv
OUVELOPOPA TOCO TWV MTNTIKWV OCO KOL 1N TITNTIKWY OUCLWV 0TNV pUBULOTIKA KavoTnTa
Tou mAAdopato¢. Meta tnv €yxuon Oeukol offéog oe okUAoug [13], katéAnée OTL n
HeyaAUTepn moocotnta of€og e€oudetepwOnKe amo tnv alpoodatpivn (30%) Kot Ta LOTIKA
kOTtopa (40%), evw povo to 30% amod tn pubulotikr 6pdon twv HCOs oto €€wKUTTAPLO

uypo.

H mpooéyylon tng oeoPfaoaikn wooppomia Baocllopevn otnv cuykévipwon [HCO3], yvwotn
KAl w¢ TPoogyylon tng Bootwvn, otnpixtnke €€ oAokAnpou otnv Henderson-Hasselbalch
e€lowon. Avamtuxbnke amod toug Schwartz kat Relman[16] kat mpoékue amd pia peydin
HEAETN KOOPTNG, otnVv omola cuumeplAndOnkav otabepol aoBevel¢ pe YVWOTEG Kol
«QVTLPPOTIOUHEVES»  Slatapaxég tng ofeoPaolkng LooppomiaGg. Ol  QVATIVEUOTLKEG

Statapayeg oxetilovral pe to CO, kal petafoAikég Statapayeg pe ta [HCOs .

Nivakag 1. Kavoveg avilppomnong twv Statapaxwv Tng ofeofacikng Loopporiag cuudwva Pe ThV

«TPOCEYYLON TNG Bootwvngy. Tpomomornotiuevog rivakag ormd tov J.A. Kellum [17]

Awtapaxn HCO; (mmol/L) pCO, (mmHg)
MetaBoAikn o§Ewaon <22 =(1.5xHCO;) +8
MetaBoAikr) aAkdAwon >26 = (0.7 x HCO3) + 21
O&eia avanveuotikn o§Ewaon = [(pCO, — 40)/10] + 24 >45
Xpovia aVOIVEUOTLKN 0E€wan = [(pCO, — 40)/3] + 24 >45

Ofeia avamnveuotiki aAKGAwon = [(40-pC0O,)/5] + 24 <35
Xpovia avVOamVeUOTIKE) aAKAAwGN = [(40-pC0O,)/2] + 24 <35
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JUuudwva HE TNV TPOCEYYLON autr, avaloya Pe tn mpwtonadn diatapoxn, UETABOAEC
nipokumtouv otn oxéon pCO,/HCO3™ MPOKELWEVOU VA TIEPLOPLOTOUV OL PMETABOAEC oTo pH.
Me ToV TPOMO AUTO, KaVOveg — eflowoelg €xouv KaBlepwOel (mivakag 1), wote va eivat
duvartn n avelupeon Twv UIKTWY Slatapayxwy TG o&eofacikng Looppormiag kat n Slakplon

TWV XPOVLWV Ao TWV 0EEWV QVATVEUOTIKWY Slatapaywyv [18].

H npooéyyion otnplopevn oe EANAslppa/nepioosia Baong (BE)

H katavonon ot n avénon tou pCO; obnyel og avEnon TNG TG TWV SITTAVOPAKLKWY TOU
mAaopotog, €ixe wg amotéAecpa TNV Tpoomdbsia avadelEng pebodwv kavwv va
TPOCSLOPLOOUV KAl VO TTOCOTLKOTIOL 00UV TO AULYWE UETAPBOALKO KOUUATL TNG 0€€0BACLKNG
Loopportiag. AKOpa Kal mpwv tnv emdnuia tng noAlopueAitidog, o Singer and Hasting [19]
Xpnotluornoinos tov 6po «puBuiotiky Baon» (buffer base) yla va xapaktnpiosl To cUvoAo
TWV PUOULOTIKWY OVIOVTWY TOU MAAOMOTOC (OMwE SITTavOpaKIKA Kal GAAQ (N TTTNTIKA
aoBevy of€a). To 1960, o Astrup kat n opada tou [5] kaBlepwvel Tov Opo «TmpoTUTIA
SuttavBpakika» (standard bicarbonate), omou adopd tn PETPNON TNG CUYKEVIPWONG TWV

SuttavBpakikwv og Tun P,CO, 40mmHg (5.33KPa).

H mo onuavtiky mnapéuBaocn otn d¢uolohoyia NG o0feoPaoikng Looppormiag
npaypatomnolndnke amnod toug Siggaard- Andersen kot ouv. [8], 6tav loryayayv Tov 0po Tou
eMelppartog/nepiooelag Baong (BE). Qg «BE» kabBoplotnke n moootnta of€og r Baong,
TIOU TIPEMEL va Ttpootebel in vitro og Selypatog alpatog, wote va anokataoctabel to pH ot
T 7.4, evw n tun tng P,CO, Statnpeital otabepr ota 40mmHg(5.33KPa). O¢uyovwuévo
aipa og ©un P,CO,; 40mmHg kat Ty Hb 150g/L Bswpntika €xel undevikn tiun BE [20]. O
Siggaard-Anderson [21] mpotelve OtTL n KapmUAn wopporiag tou CO, (yvwoth w¢ e§iocwon

Van Slyke) pmopei va meptypaet tnv oxéon peta&u pH kat [HCOs]:
[HCOs]-24.4 =-(2.3 x [Hb] +7.7) x (pH-7.4) + BE/(1-0.023 x [Hb]),

omnou[Hb], ouykévtpwon tng atpoodatlpivng oe mmol/L
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To vouodypappa tou Siggaard-Andersen [22] AUvel tautdxpova tnv e€iowon Henderson-
Hasselbalch kat Van Slyke yiwa to BE, pe amotéAeopa ol ofeoPaclkeEC SLATAPOXEG va

EpUNVEVOVTAL KL va Xapaktnpilovtat amno aAlayég Twv duo petapAntwy (P,CO, kot BE)

H T BE, av kat umoAoyllopevn, €lval pla MOPAPETPOC TTOU eAAXLOTA EMNPEALETOL ATIO
™Tv TN ¢ P,CO,. Qotdoo, ol aAAayEC TG alpoodalpivng UImopouv va EMNPEACOUV
ONUOVTIKA TNV T Tou BE. Auto to AaBog eAaylotonoleital otav xpnotponoleital T Hb
50g/L avtl ywa 150g/L. Otav n twun BE umoloyiletal pe autdv tov TpoOmo, KoAeital
«mpotuno BE» (standard BE). Itnv mpafn, to SBE mpokUmtel amd €§LlOWOELG-ATAOUG
HOBNUATIKOUG KOVOVEG 1} VOUOYPAMUOTO Kot 8ev TPOKUTTEL oo TLtAomoinon Ue o€u n
Baon, onw¢ Ba umoyraldtav kavel¢ and to ovopa autou [23]. H Tt tou SBE &ev
HETABANAETAL, OTAV ITPOKUTITOUV QVATIVEUOTIKEG SLATAPAXEC, EVW UELWVETOL OE LETABOALKNA

ofewon kot avéavetal oe HeTABOALKN) AAKAAWGOH, AVTLOTOLYAL.

Qotooo, n Tmpoofyylon otnpuwopevn oe BE/SBE, yvwotn Kol w¢ TPOCEYYLONn 1NG
Komeyxayncg, mopouolalel KATOLA PELOVEKTHUATA KATA TNV KAWVIKN €dappoyn. H Tiun tou
SBE umopel va petafalietal, av kot eAayota, pe aAhayeg tng P,CO, kat pmopel va eivat
avaélomniotn otav mapouaotalstot xapnAn twun aABoupivng n pwoddpou. EmumpocOetoug
TIEPLOPLOMOUG amoTeAOUV N avakpifela AOyw Twv in vitro PETPACEWV Kal TO YEyovOg Oev
AapBadvetal utdPn n AVAMVEUOTIKN KATACTAON 1 0 OYKOG KATAVOWNG TwV SLITTavOpaKIKwv

[23].

Xaopa avioviwv (AG)

H mpooéyylon otnpllopevn oto xaopa avioviwv (AG, anion gap) avamtuxOnke omo Toug
Emmett kat Nairns [24], pe okomo va UELWOEL TOUG TEPLOPLOKOUE TwV SUO TaPATIAVW

npooeyyioewv (mpooéyylon Bootwvng kat mpoogyyion Komeyxaync).
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Itnpiletal otnv apxn TNG NAEKTPLKNG oudeTepOTNTAG KO LUTIOAOY(lETaL e TOV akOAOUBO

turno:

AG= ([Na'] +[ K'])- ([CI'] + [HCO3T]),

OToU «[]», N LOPLOKI) CUYKEVTPWON TOU QVTIOTOLXOU LOVTOG Kal XA, XAOLO OVIOVIWV.

AebSopévou OTL N CUYKEVTPpWON TOU KOALOU 0TO MAGoUA €ival OXETIKA XapnAr o€ cUYKpLON
HE Tn OUYKEVTPWON TOU vatpiou, yAwplou kot O&ittavOpakikwy, TOAEG PopEG

napaleinetal n LetafANTr AUTH yLa TO UTTOAOYLOUO Tou AG.

Ye petafoAkn oféwaon, n avénon tnG TG Tou AG odelAETOL OE CUGCWPEUCT AVIOVIWV
(6mwg Tou YOAAKTIKOU 1 KETOVWV) KOL XOPOKTNPIZETAL WG «XAOUA aVIOVTWV oféwon». H
Tipooéyylon autn eivat péEBodog aviyveuong Twv pn UETPOUHUEVWY AVIOVIWV OTO MAACUA

(6mwcg yaAaktiki o€Ewaon kot 0€€waon amo eW8ikd dnAnthpla).

DuoloAoyLkd 0To TIAACHA UTTIAPXEL XAOUO OVIOVTOC, AAAA N GUGLOAOYLKH TLUH Tou StadEpel
oo HeAETn oe peA€Tn (mivakag 2). H kOpla attia yla tn Stakupavon autrh €yKeLtaL oTo
SlapopeTikd TPOMO HETPNONG (avaAutng ouvexllOHEVNC por 1N XPNon LOVOEKAEKTIKWV
NAEKTPOSIWV) KAl OUYKEKPLUEVO XOUNAOTEPEG TIHEC AG TPOKUTTOUV amo Tn XPHRon
LOVOEKAEKTIKWYV nNAektpodiwv, Kupiwg Adyw NG uPNAOTEPWVY UTOAOYWOUEVWY TLUWV
xAwpiov pe T ueBOdoug auTEG. To yeEYOvOG QUTO QVTIKATOMTPIL(EL OTL yla TV KOAUTEPN
xpnon tou AG otnv KAWLKNA Tpdén, elval amapaitnto ol KAwikol Latpol va kabopicouv tn
HEON TLUA KOL TO €UPOG TNE GUCLOAOYLKAC TIUNAG Tou AG amd PETPHOELC TTIOU TTPOKUTITOUV

oo TO OLKELO €pyaoTrplo.

T tou AG KATW OO T KATWTEPA OpLla Twv PpuCLoAoyLkwv TIHwV Sev elval cuvnBeg. H
enintwon Atav 0.8-3% oe mavw amd 80000 petproelg mou mapatnpndnkav oe Suo

Slapopetika peyala epyaocthpla [25-27].

H oxetikd aouvnOng enintwon tng XaunAng T tou AG umopel va avtikatomntpilel tnv

gupeia Stakvpavon TNg GUCLOAOYLIKNC TIUAG Tou AG. ApvNTIKN TN Elval akOpa TILo
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Nivakag 2. H péon T Kal to eUpog TIWV TOU XAOUOTOG OVIOVTWY (AG) o ETIAEYUEVEG LENETEG.

Mivakag arnod tov Kraut JA kot ouv.[28]

NAnGuopadg Méon Tun Epyaotnplakn pE6odog Avadopa
AG KoL UpOg
TLULWV
(mEq/L)
488 acBeveig pe 15+2.5 (10- Technicon SMA 6/60 Buckley-Sharp kai
ducLoloyikoug NAekTtpoAUTeG 20) OUVEXL(OMEVNG PONG Miller[29]
QVaAUTAG

100 aoOeveig pe
ducLoloyikoug NAekTPoAUTEG

1200 aoBeveig pe
ducLoloyikoug NAekTPoAUTEG
(repiAndn Tpuwv peletwv)
29 vyLeic eBelovtEg

124 vyieic eBeNovTEg

18.987 acBeveic mou éAafov
dpovtida and 1997 wg 2007

11+2.5 (6-16)

12+2.0

6.4t1.4
5-12

10-18

Technicon SMA 6/60

OUVEXL(OMEVNG PONG
QVOAUTAG

Technicon SMA 6/60

OUVEXLIOMEVNG PONG
QVOAUTAG

Astra LOVOEKAEKTLKO
NAeKkTpOSL0
Beckman LovoeKAEKTLKO
NAeKTpOSL0
?

Frohlich kat cuv.
(30]

Emmet kot Narins
[24]

Winter kat
ouv.[31]
Lolekha kat
ouv.[26]

Lipnick kat
ouv.[32]

aouvnOng pe eminmtwon oto 0.12% oe WeETPAOELG Tou mapatnpnOnkav oe mepiodo 12

UNVWV o€ Peyalo emiong epyaotrplo [27]. AlatapoxEG mou TPOoKAAOUV apvnTIKN 1 XAUnAn

A AG mapouaotalovtal otov Mivaka 3.

H mo kowvn attia Ppevdwg xapunAov AG amoteAsl n xapnAn T thg aABoupivng otov opo.

H aABoupivn tou opou adopd £va PEYAANO TTOCOOTO TWV U LETPOUUEVWY AVIOVTWY, OTOTE

N Melwon R avénon tnNg CUYKEVTPWONG TNEG OTOV 0PO UTITOPOUV VA LETABAAOUV TNV TLUN TOU

XA. MeA€teg €xouv mpaypatomnolnBOei mpokelpévou va kaboplotel n xprion SltopbwTtikov

TIapAyovTa oTNV KAWVLKA TIPAEN. OL LEAETEC AUTEG avéSeLEay OTL To AG PELWVETOL KaTd 2.3-

2.5 mEQ/L avd ypappdplo peiwong tng ouykEVIpWONS tng aABoupivne tou opol, evw

QUEAVETAL E AVTIOTOLXO TPOTO PE TNV aUENon TNG CUYKEVTPWONG NG [33, 34]. Av kal dev
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ouuneplhapPBavetal oto SopBwtikd moapdyovia, allayég oto pH emnpedlouv Ttov
napayovta moAamAactlacpol dedopévou OtL petafarlouy To dpoptio TG KukAodopouoag

aABoupivng [35].

To SopBwpévo AG (AG,g, AG adjusted) pmopet va umoloylotel pe tnv akohouBouoa

eflowon, yvwotn kal w¢ e€lowon Tou Figge:
AG,4=AG + 0.25 x (puctoroywkn tiun aABoupivng — petpriown tun aApoupivng),

OOV N CUYKEVTPpWON TG aABoupivng oe g/L

Nivakag 3. Attieg xapnAou ) apvntikol AG.

Mivakog tpomomnolnuévog ano JA Kraut kat cuv.[36]

Attiodoyia

XapnAo AG
Epyaotnplako Aabog
YTMOEKTINON TOU vatpilou
YMepektipunon Tou YAwpiou
Ynepektipnon Twv SLttavOpakikwy
YrooABoupwatpio
MovokAwvikn 1gG yapponddela
MoAUKAWVLKNA yoppomadeLa
AnAntplaon pe Bpwutovuyo
AnAntnploon pe AiBLo
YrniepooBeotiatpio
Yriepuayvnolatpio
MoAvpuéivn B
AnAntnplaon pe wdlovuyxa

Apvntiko AG
Epyaotnplako Aabog
AnAntnplaon pe Bpwutlovxa
MoAAQITAG HUEAWHAL
AnAntnplaon pe wdlovuya
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DYZIKOXHMIKH NPOZEITIZH

Elwcaywyn

O Kavadog Peter A. Stewart (1921-1993), kaBnyntr¢ @uaotloAoyiag kat Bloxnueiag oto
Brown University twv H.M.A., mpotewve €va GUOLIKOXNHLKO LOVTEAOD YLA TNV TIPOCEYYLON TNG
ofeofaoikng Looppomiag. Xpnowuomolwvtog BepeAlwdel, PLOXNUKEG KOl HOONUOTIKES
OpPXEG, aveMTuée pia VEa mpoaogyylon yla tn dtayvwon Kal Slaxeiplon Twv Slatapaxwy tne
o&eoBaoikng Looppormiag, apudplofnTwvtog TNV mopadoclake Kot eMkpatoloeg pebddoug,

miou otnpilovtav ota SittavOpaKkikd Kol EANELppa/eplioosia Baong.

O Peter A. Stewart, pe tnv €kdoon tou PBiBAlou tou [37], To 1981, pe titAo “"How to
understand acid-base’’ kat tn dnuooicuon Vo dpBpwv [38, 39], To 1978 kaL To 1983,

TIAPOUCLOCE QUTH TN VEQ TTPOCEYYLON, YVWOTN Kol w¢ HEBodog tou Stewart.

Qot600, n Bewpla tou Stewart Sev MPOCEAKUCE APKETA TO EVOLADEPOV, LEXPL TLG OPXEC TNG
Sekaetiog Tou 1990, 6mou apketol epeuvnteg [40-48] aoxoAnbnkav Pe TNV Tpomonoinon
™G neBoOdou, emLtpémovtag e aUTod TOV TPOTIO TNV XPHoN TNG 0€ KAWLIKO entinedo. Ektote, n
avadopa tng pebddou otnv BiBAloypadia [17, 49-57] ohoéva kat auvéavetal. MapaAAnAa,
€vag HeyaAog aplBuog pedetwy €xel SnUooleuBel, oL omoleg cuykpivouv TN GUCLKOXNILKA
TIPOCEYYLON HE TNV TApadOCLOKEG LEBOBOUG, OXETIKA HE TN XPNON TOUG WG SLAYVWOTIKO Kall

TIPOYVWOTIKO £pyaAEio.

H Bswpia TG GUOLKOXNHULKNAG TTPOGEYYLONG

O Stewart xpnotpomnoinose BepeAlWSELS GUOIKOXNUIKEG APXEC TWV USOTIKWY SLOAUUATWV
[37], ue okomo va mpoaoblopioel TN ouykévTpwon Twv udpoyovwy oto TAdopa. Ot Baoikol

0poL TNG GUOLKOXNILKNC TTPOCEYYLONG TapaBETovtal oTtov Ttivaka 4.
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Nivakag 4. MNapoucioon Twv PBocKwV OpwvV TNG PUOLKOXNKLKAG TIPOCEYYLONG TNG 0EE0PAOIKAG

Loopporiag

Strong lon SID H &ladopd petafl TOU OUVOAOU TWV TIAAPWE SLACTIOOUEVWY

Difference (loxupwv) katloviwy amd to cUVOAO TWV TIANPWE SLACTIACUEVWV
(loxupwv) aviovtwy oto mMAdopa. Ekppdletal oe mEg/L.

Apparent SID,pp SID 6nwg umoAoyiletal dpeca amnod TIC CUYKEVTPWOELG TWV

Strong lon HETPOUUEVWY LOXUPWY OVIWY oTo TAdopa (Na* + K + Ca** +

Difference Mg) = (CI).

Effective SIDes H SID 6nwg umoloyiletal and ta SurtavBpakika (HCO;) kat ta

Strong lon 00Bgevn pn mTntika offa (aABoupivn kat dwodopog).

Difference

OALKN Aot Ta acBevr) oféa, os avtiBeon pe ta LWOYUPA LWOVTA, Pplokovtal oto

OUYKEVTpWON duaclohoyko pH oe pia Staomacpévn popdn (A) kal oe pio popdn

Twv acBsvwv ouleuypévn Ue éva ubpoyovo (AH). A=A + AH.

ofEwv

Mn XA H Stadopd petady tng SID,,, Kot SIDesr , ekppdletal oe mEqQ/L.

HETpOUUEVA

QVLOVTWV

OL BepeMwdelg aUTEG apxEG eival Tpelg. H mpwtn apxn elvat n apxn TG NAEKTPLKAG
oudetepodTNTAC, CUNPWVA HE TNV omola og €va udatikd StAAupa To ocUVOAO Twv BeTika
dOPTIOPEVWV LOVTWV TIPETEL VAL E(VAL (00 HE TO CUVOAO TWV APVNTIKA GOPTIOUEVWY LOVTWV.

‘Eva udatiko Stalupa eival avta NAEKTPLKA OUSETEpO.

H &gUtepn apxn, adopd tnv apxn tng dtatipnong tng palag, cupupwva Pe TNV omnola To
1000 KABE cuoTaTikoU o€ Eva LSATIKO SLAAU A TTapaEVEL 0TOOEPD, EKTOG Qv TTPOoTEDEL N
amopakpuvBOel amd to SwdAupa, | av dnuwoupynBel 1 kataotpadel, HEOW XNUIKWV

avTIOpACEWV.

H tpitn kot tedevtaia apxn adopd to VOUO NG evépyelag tng palag, cupuPwva HE TOV
omoio, N ToxUTNTA MLOG XNUIKAG avtidpaong eival avAaloyn TNG OCUYKEVIPWONG TWV

5pOOTIKWY OUCLWV.
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Xpnolomnowwvtag TG apxeg auteg eypalde €€L e€lowoelg, umtevBupilovtag otL to pH eival
QMOTEAECHUA TNG SLACTIOONG TOU VEPOU, OMWG auTr Kabopiletal and tn UePLKN Tiieon Tou

Slo€eldiovu Tou avBpaka (pCO, ), Ta aoBevr o€a KAl CUYKEKPLUEVOUG NAEKTPOAUTEG.
E§iowon 1: Iooppomnia Stdonaong tou H,O

Kevtplkd polo otn Bewpla tou, Katéxel n e€lowaon tng dtdomaong tou H,0, Sedopévou otTL
10 60% TOU AVOPWTILVOU CWHATOG amoTeAeltal amd autd. Me Tov amAoloTtepo TPOTO, N

e€lowon tng dtaomaong tou H,0, Ba pnmopouvoe va ypadtel wg e€nc:
H,06> H' + OH

Me tnv edappoyr Tou VOUOU TNG EVEPYELAG TNG LATOC KAl TNV Kavomoinon t¢ e§iowaong

¢ ddomaong, mpokUTMTEL N €€n¢ e€lowaon Looppormiag:
[H] x [OH] = Ky, x [H,0],
onou K, n otaBepa diaonaong tou H,O

AOYWw TNG aplOUNTIKAG TOU UTtEPOXNG Tou, To [H,0] ouvdualetal pe tn otabepa Sidomaong,
Kw, KOl TIpOKUTTEL Ml Véa oUvBetn otabepa, K,'. H efiowon tng woppomiag

Stapopdwvetal we €ENG:

[H'] x [OH] =K.’ (e§icwon 1)

E€iocwon 2: Iooppomia Snuioupyiag Tou SittavOpakikol LOVTog
CO, + H,0 € H,CO; ¢ H' + HCO3'

Edapudlovtag to vouo tng evépyelag tng palag kal avtikabiotwvrag to [H,COs] ue to

[6laAupévo CO,], mpokUTttel n €€n¢ e€lowaon Loopporiag:
[H'] x [HCO3] =K;" x S x pCO, (e§iowon 2),

omnou K;', n otaBepa dtaomnaong tou [H,COz] kat S, o ouvteAeotr¢ Stalutotntag tou CO,

E€iowon 3: looppormia Snuoupyiag Tou avBpakikol LOVTOG
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H ouykekpluévn efiowon ooppomiag, oupdwva pe to Stewart, cuumeplAndbnke yla
Abyoug mAnpotntag, 810t to HCO3 mepaltépw SLOOTIATAL OE HLKPOMOPLOKEG CUYKEVTIPWOELG

[CO5% ], KATA TIC SLAKUPAVOELC TOU GpuGLoAoYLKOU pH:

[H*] x [CO5>] = K. x [HCO3'] (e§iowon 3)

E§iocwon 4: H Stdonacn twv acBevwy Un MTNTKWVY 0EEWV

T CWHATIKA uypd, epdavilovtal o€ TOIKIAEG CUYKEVIPWOELG 00BEVr Un MTNTIKA OfEa
(o€€a mou dev mapayouv CO,). Ta acBevr pn MINTIKA 0&Ea , SLACTIWVTAL HEPIKWG OTO
dUCLoAOYIKO pH, He AMOTEAECUA OTO CWHATIKA LYPA va epdavilovtal otig e€Ng LopdEC:

o€ pia mAnpwg dtaomacpevn, aviovikn popdn (A’) kat og pia un Stacmacuévn popdn (HA).
HA O H + A
Edapudlovtag kat mAAL To VOUO TNG evépyelag tng palag, mpokUumtel n €€n¢g eflowon
Loopporiag:
[H'] x [A'] = Ka x [HA] (e§icwon 4),

omnou Kja, n otaBepd dtdomaong Twv acOevwy pn MTNTIKWY 0EEWV

E€iowon 5: H Statrpnon tng palag Kat ta acBevn pn mIntika oféa

Mna Aoyoug gukoAiag, o Stewart xpnolLOTOiNOE TN OUVTOMEUON Ay, YO VO OploeL TN
OUVOALK] OUYKEVIPpWON TwV ooBevwv pn MINTIKWYV OfEwv (SLOOTIOOUEVWVY KAl N
Slaomaopévwy popodwv). Me Bdaon tnv apxni tng datrpnong tng Malag, TPOKUTTEL N

eflowon:
Aot = [HA] + [A'] (e€§iowon 5)

O Stewart, pe avtiv v sfiowon nBeAe va Tovioel OTL N OUVOALKN) CUYKEVIPWON TWV
a0BEVWY PN TITNTIKWV 0EEWV, A, Elval otaBepn. Aev TOLKIAEL pe TIG HeTABOAEG TOU pH.
Mia aAAayn oto pH pmopel peplkwg va HeTafAaAel tnv Loopportia petafy A kat HA, aAAd

oxL TNV Aot
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E€iowon 6: H apxn tng NAEKTPLKAG OUSETEPOTNTAG

Strong lon Difference (SID) €ival évag 6pog mou eLoryaye ylo mpwtn ¢opad o Stewart, ota
mAaiola TG kavomoinong tg apxng tTnG NAEKTPLKAC OUSETEPOTNTOG OTA CWHATIKA UYPA.
SID eival n Stadopd petafl TOU CUVOAOU TWV LOXUPWY KATLOVTIWVY KAl TOU GUVOAOU TwV
LOXUPWV avidvtwv. loxupd wovta eival ta wovta, ta omoio o éva udaTIkO SLaAupa
Bpilokovtat oe mARpw¢ O&lacmacpévn popdn. Me T edopuoyn TNG NAEKTPLKAG

oudetepdTNTAG, MPOKUTITEL N €€NG e€lowon:

SID + [H'] - [HCO3] - [CO3*] - [A]-[OH] =0 (e€lowon 6)

Ta kUpLa Loxupd Wovta oto mAdopa eivat to ClI kat to Na*. AMa oxupd 1ovta eivat to K, to
2+ 2+ . I . i It It ' '

Ca”", to Mg™". H SID €xeL Betikn Tur) o€ OAa ta BLOAOYLIKA LYPA, EMELSH N CUYKEVTPWON TWV

LOXUPWV KATWOVIWV (kupiw¢ To Na* otov efwkuttdplo xwpo) eival peyalltepn amod tn

OUYKEVTPWON TWV LOXUPWV avioviwy (kupilwg to ClI° otov efwkuttdplo xwpo). H SID

ekdpaletal oe mEQ/L kal oto mMAGopa €XEL TLURA, TTOU Kupaivetal peta€d 36 kat 42 mEq/L.

Juvbualovtag tic €€l eflowoelg o Stewart [37], mpoékue pia tetaptou Babuou

TIOAUWVU LKA e€lowaon, yvwoTtn kot we ~ e§iowon tou Stewart’’.
a[H'1* + b[H']® + c[H*]> + d[H'] + e = 0 (e€icwon 7)
omou, a=1, b =SID + Kja, ¢ = [KaxSID — Att] — [Kw— K1 "xXSx pCO,],

d = - [Kax( Ky + K1 xSxpC0O2) — (Kcx Ky 'xSx pCO,)] kat e = — KaxKx K;'xSxpCO,

Me tnv e€lowon autn, o Stewart umodnAwvel 0tL To pH sivat anotéAeopa tng pCO,, TNG SID, TG
OUVYKEVTPWONG TV ac0evwVv U ITNTIKWVY 0€€wv Kal otabepwv dlaomaong, onwe paivetal otnv

swova 1.
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Strong lon Difference
pCO,
Dissociation
Weak acids constants

Ewdva 1. Napayovteg mou KaBopilouv TN CUYKEVIPWON TWV USPOYOVWV KoL TWV SITTOVOPAKIKWY

oUpdwva e tn Bewpla Tou Stewart, amo tov DA Story. [50]

To TPOMOMOLNHUEVO HOVTEAO TNG PUCLKOXNLKAG TPOCEYYLONG

$TQ A0OEVH LOVTA TWV CWHATIKWY UypwVv, teptapBdvovtatta H, OH’, HCO;', CO5> kat A”.
Anoé tnv eflowon tou Stewart, mou kavomolel TNV apxn TNG NAEKTPLKAC oudeTEPOTNTAG
(e€lowan 6), oNUELWVETOL OTL TO CUVOALKO $HOPTIO TWV TAPATTAVW TIPETIEL VA £(val (00 E TN
SID. Aebdopévou Ot ektdg amd ta HCO3 kat A, ta umolouta Lovta Pplokovial o€
ULKPOOKOTILKEG OUYKEVTIPWOELS TIOU METPOUVTIAL O pmol/L, koL oTnv TEPIMTWON TWv
udpoyovwv oe nmol/L, MPoKUMTEL OTL €lval TOCOTIKA aohpavta (mopd tn onuooia Toug
otn ¢ucloAoyia Tou cwpatog). Me auth tn okormid enavanpoodlopiletal n e€iowaon 6 [44],
wg e€AG:
SID = [HCO3] + [AT]

Yrapyxouv 800 CUCTATIKA OTO MAACUQ, TIOU SpOUV WC AcBEVr N MTNTIKA o€ Kol €XO0UV

OUYKEVIPWON TETOL, TOU OAAQYEC OE QUTA UTOPEL va TIPOKAAECOUV ONUAVILKEG
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ofeoPaoikég Slatapaxés: o avopyavog dwaodopog ([Pi] o mmol/L B mg/dL), kat n

aABoupivn ([Alb] og grams/L).

210 amlomolnuévo povtélo twy Figge kat Fencl [41], to [A] €xel avtikataotabel and to
aBpotopa twv [Pi] kat [Alb], SnAadn Ta apvnTikd NAEKTPLIKA GOoPTLA, TTOU TIPOEPXOVTAL OO
0 dwaodopo Kkal tnv aABoupivn, avtiotowa. Itnv elkova 2, daivetal otL n SID oto mMAdoua
umnopel va ektiunBet umoAoyilovtag to abpolopa twv [HCOs], [Alb] kat [Pi], pe Bdaon tnv

opxA TNG NAEKTPLKNG OUSETEPOTNTOG OTO TTAACL.

H SID ekdppaletal oe mEqQ/L. MNa tnv ekTinon tng, N T twv [HCO3] eivat StaBéoiun amno
TNV aAVAAUON TwV aEPiwV TOU apTnELOKOU AlMaTog. Ao tnv aAAn, n Twun twv [Alb’] kat [Pi’]
og mEq/L, umoloyiletal amod tnv Tur tou pH kat TG Tipég tne [Alb] og grams/L kat tou [Pi]

oe mmol/L, avtiotolxa, pue toug akoAouBoug Tumoug [42, 43] :
[Alb7] = [Alb] x (0.123 x pH — 0.631)
[Pi'] = [Pi] x (0.309 x pH — 0.469)
omov, [Alb] oe grams/L kat [Pi] e mmol/L

H SID, onwg mpoavadépbnke, sival n dtadopd Twv LOXUPWY KATIOVTIWY Mo Ta LoXUpA

avwovta.
SID = Z(strong cations) — Z(strong anions)
Qoto0o0, otnv MPAEN, OAa Ta LoYuPA LovTa Sev Umopolv va LetpnBouv, onote
SID = ([Na'] + [K'] + [Ca™] + [Mg™']) - ([CI'] + [XAT)
omou, [XA'] Ta pun LETPOUEVA QVLOVTA

Me tov 6po, Apparent Strong lon Difference, SID,pp, €vvoeital n SID, énwg pmopet va

UTTOAOYLOTEL ATt TG CUYKEVTPWOELG TWV UETPOUUEVWV LOXUPWV LOVIWYV OTO MAACHAL.
SID.pp = ([Na'] +[ K'] + [Ca®'] + [Mg™*]) - ([CI'])

Me tov 6po, Effective Strong lon Difference, SID¢;, evvoeital n SID, 6mwc unoAoyiletal and

To dBpolopa Twv [HCOs '], [AlbT] kat [PiT], omwc daivetal otnv ewkova 2.

SIDes = [HCO3] + [AlbT] + [Pi]
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To pun peTpoupeva aviovta (XA') eival oxupd avidvta, mou Bpiokovtol oTo MAACUA EKTOC
and 1o ClI (YoAaKTIKO, KeTo&€a, GAAQL Opyavika oféa, BelKO) KAl OE OUYKEKPLUEVEG

KOTOOTAOELG, N CUYKEVTPWON TOUG aufAveTal.

H T tou pK, yla autd ta opyavika oféa sival Tpelg GpopEG TOUAAXLOTOV ULIKPOTEPN ATO
™V T tou pH mou eivat cuppatn pe ™ {wr). Onote, adou Ta opyavikad ofEa oTo TTAACUA,
elval mavta mavw amoé 99% oe Swoomoaocpévn popdr, TA avVIOVIA TOUG TIPEMEL va

ouuneplAndBouv otnv ektipnon tng SID.

Ta pn petpolpeva avidvta (XA'), ta omola evaAAaktika avadépovial otn BiBAloypadia

Kal w¢ Strong lon Gap (SIG), umopouv va ektiunBoulv, Omwe daivetal otV €KOVA 2, WG
g8§ng:

[XA'] = SIG = SIDe¢s — SID,pp

160 MEa/L
Pr SID g

Na* Alb- SIDapp

120 Hco,
[ sic |
80
K+

Mg?* Cl

40 cazt

Ewova 2. Ikavomolnon tng apxng tng NAEKTPLIKNAG ouSeTepdTNTAG OTO MAACUA. To aBpolopa Twv
BETIKWV LOVTWVY LooUTOL PE TO ABPOLoUA TWV APVNTIKWY LOVIWY, OMWE ohUEeLwVETOL and to (Slo
U 0oG TWV OTNAWVY, OL OTIOLEG AVTUTPOCWTIEVOUV TA KATLOVTA Kal aviovta. NapaAnddnkav ta wovta

H*, OH’, CO5> , AOyw TWV XOUNAWY TOUC CUYKEVTPWOEWV [58].
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Avegaptnteg Kat e§apTNUEVEG LETABANTES

JUpdwva pe To povtéNo tou Stewart [37, 39], n ofeoBaoikr Looppomia o KABE CWUATLKO
uypPO KaBopiletal amnd tig avetaptnTteg LeTAPANTEG. AvelaptnTeg HeETABANTEG, cUNDWVA LE
Tov 1810, €ival oL peTaBAnTEG TOU peTafAAlovTal TPWTAPXIKA KAl aveéaptnta n pHia ano
NV AGAAn. Zto mMAAoUA in vivo, oL avefdptnTeg LETABANTEG Elval TPELG: N UEPLKA TIiEon TOU
CO, (pCO0,), n SID kat ta acBevr pun MTNTKA o&€a (Atot). 2TNV €lKOVA 3 Kat 4, tapouaotaletal
n aAAayn oto pH, kaBwg petafarlovral oL aveEapTnTeG LETABANTEG.

BéBata, cUpdwva pe v efiowon tou Stewart, n cuykévtpwon twv [H'] ota cwpatikd
uypa, kaboplletal eKTOC amd TG TPELG OveEAPTNTEC WETAPANTEG, Kol amo Sladopeg
otaBepécg Staomnaong. Qotd00, 0To MAACUA, OE TIUEG Tou pH mou eivatl cupPatég pe t Lwn,

ol otaBepég dlaomaong Sev epdavilouv oNUAVTIKEG SLAKUUAVOELC.

PrH

+

-10 4] 10 20 30 40 50 60 7O 80

[SID] mEg/L

Ewova 3. Xto Slaypoppa mopouctaletal n petafoAn tou pH kabwg peTaBAAAeTOL N TLUA TNG
Strong lon Difference (SID). H oAwKr} CUYKEVTPWON TWV ACBEVWVY UN MTNTIKWY 0EEWV (Ar) KoL N
HEPLKA Ttieon tou Sloeldiou tou avBpaka (pCO,) mapapévouv otabepéc otig TiuéG 18 mmol/L kat
40 mmHg, avtiotolya. Elval onpavtiko va onuelwbel moéoo andtopa MEDTEL N TN Tou pH otav n

T tng SID elval katw amd 20 mmol/L. Etkdva amo tov JA Kellum [17].
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; + 7,10
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% Change in input variable

Ewdva 4. Yo Sdypappa mapouotaletal n aAAayr Tou pH Katd Tn ouoTNUATIKA UeTaBoAn KaOs
plag amo tig avefaptnteg HeTaBAnTEG, kabBwg ol AAAeg SUo mapapévouv otabepéc (pCO,=40Torr,

SID=41,7mEqg/L, Atot=24,1uM/L). Tpororownpévo Staypappc tou PD Constable [44].

H ¢uowoloyikry ofeoPfactkr) wooppomia  [58] mapatnpeital, Otov oL OVEEAPTNTEC
HETAPBANTEG KupailvovTol pEoa ot Opla TwV ¢GuUCLoAoylKwY TIHWV. AvtiBeta, OAeg ol
Slatapayeg tng ofeofacikng Looppormiag opeilovtal o€ SLATAPAXEG Uiag 1} TTIEPLOCOTEPWV

ave€ApTNTWV PETAPBANTWY.

JUVEMWG, N HeTofoAn twv aveéaptntwv HeTaPAnTwyY, ocUpdwva PE TN PUCLIKOXNULKNA
mpooéyylon, €ivat n Baon yw Tt SlAyvwoTIK TPOCEYYLON Kol TN OgpameuTikn
OVTIUETWIILON TwV Slatapaxwv TG ofeoBaoiknc wooppormiag. EmumAfov, cUpdwva pE Ta
mapamAavw Kal o€ avtiBeon pe v mapadootakny HEOB0SO, n avtiotaduilon HLag
npwtomnaboug diatapaxng eival duvatov va yivel, povo edv petaBAnbel kamola amod TG

AAAeG aveEaptnTeC HeTABANTEC.
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Katnyoplomnoinon twv diatapaywv pe Bacn tn GucKOXNHLKA TPOCEyyLon

To amhomnownpévo poviélo twv Figge kat Fencl, otnpiletal otn duoLkoxnuLlkn mPocEyyLlon
Tou Stewart [38], aAAG Kal o€ €va HABNUATIKO HOVTIEAO TOU MAAOUATOG, OTIWG TPOEKUYE
and mewpapata in vitro [42, 43]. O ocuvluaOUOC QUTOC, ETUTPETEL TNV €dhapuoyn TG

Bewplag tou Stewart og KAWVLIKO emtinedo.

O Figge kat o Fencl, pe kpttripto otL to pH kot ta HCO3™ eival e€aptnuéveg HeTaBANTEC Kal
n ofeoPaocikn Looppomia kabopiletal amd TG TPELG avelAaptnTeg UETAPBANTEG, TIPOTELVAV
€va VEO oUOTNHO YL TNV EKTLINON KL KATNYOPLOTIOiNOoN TwV dlatapaxwyV tng 0EeoBaoiknC
LooppoTtiag, OMmw¢ mapouctdletal otov nivaka 5 [43, 58].

OuL Swotapaxéc tng ofeoPfaoikng Loopporiag, opxika, OSlakpivovtal oe SU0 pEYAAEG

KQTNYOPLEG: TIG OVATIVEUOTLKEG KOLL TLG LETOBOALKEG

Nivakag 5. Katnyoplomoinon Twv Slatapoaxwyv TG 0eoBacikn LOOPPOTILAG, OTIWE MPOTAONKE amo

toug Figge kal Fencl [43, 58]. Mivakoc amno tov V Fencl [58].

O¢twon AAKGAwWON

l. AVOUTVEUOTIKEG MpCO2 4 pCo2

1l. MetaBoAkég

1. Awatapayxég SID

a. Nepicoeia/ENewdn vepol J4'SID, L [Na'] NSID, P [Na‘]
B. ALaTaPOYEG LOXUPWV OVLOVIWV
i. Nepioosia/ENenpn xAwpiov JSID, PMCI] NSID, L [CI]
ii. AUEnonN UN-HETPOUEVWV AVIOVTIWV JSID, PMXAT]
2. AcBgvn pn MINTKA o€
o. AABoupivn opov M AIb] J[Alb]
B. Avopyavog pwodopog MPi] J[Pi]
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AvVamnVEUOTIKEG SLatapoyEg

OL OVaTVEUOTIKEG SlatopaxEC, OMwG Kol Ue tnv kKAaoolky HEBodo, mpokumtouv amo

HETABOAEC TNG HEPLKAG Tiieong Tou CO,, pCO,, Onw¢ dpaivetal otnv lkova 5.

pCO, < 37mmHg pCO,>42 mmHg

AvarmveuoTikr aAKdAwaon AVQTIVEUOTLKN 0EEWON

Ewkova 5. AVOmveUOTIKEG SLaTapaxEG TNG 0EeoPaoLKNC LOOpPOTILAG

MetaBoAKEG StatapayEg

Ot petaBoAikég datapaxég, amo tnv aAAn, Slakpivovtal: mTpwTtov, o€ AUTEG Tou odeilovtal
oe SotopayxéC Twv aocBevwv pn MINTIKWV 0fEwV (Awt) Kol SeUTEPOV, OE OUTEG TIOU
odeilovtal oe OSwatapaxéc tng SID, onmwg daivetat otnv ewkéva 5. Ta Opla mou
napouaotalovtol OTnV €KOVA TIPOKUTTOUV amd HeAétn tou V Fencl, otnv omnoia

xpnowtornownkav vyleig eBelovtég [58].
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L SID<36 SID>42 [ Aeukwpartivn avopyovog Pi
[ T ) >1.6 mmol/L
METG].BO)\LK” MeTtaBoAukr <35g/L >53g/L
ogewoan ‘ oAkGAwon . '

MetaBoAikn o€éwon

MetaBoAwn MetaBoAikn o&éwon
aAkaAwaon i

Ewdva 6. MetafoALkeg SlatapaxEg TG 0E€oBaaIKnG LOOpPOTTiaG

Awatapayég ao0evwv MTNTIKWVY 0EEWV (Aqot)

AUO CUOCTATLKA TOU TIAACMOTOC, OMwWG mpoavadeépBnke, ta onoia dpouv wG aoBevh pn
TITNTIKA 0f€a, €XOUV TETOLA OUYKEVTIPWON, WOTE OLATAPAXEC OE AUTA VO TIPOKAAOUV
ONUAVTIKEG Slatapaxeg otnv ofeofaotkn oopporia: o avopyavog dwodopog [Pi] kat

Kuplwg, n aABoupivn [Alb].

H av&non twv cuykevipwoewv toug, odnyel oe petafoAiky of€won, evw n Heiwon o€
uetafoAkn aAkaAwon. Afilel va onpewwBel otL Ta xapnAa enineda g aABoupivne, ta
omola mapatnpouvtal cuxvd o€ Bapéwc mAaoxovteg, elval attia peTafoAkng aAkAAwonC.
OewpnTIKA, Kal n Pelwon otnv cuykévipwon tou ¢wodopou oTo TAACUA, TIPOKAAEL
petaoAkn aAkaAwon. Qotoco, autod otnv mpaén dev ival epiktd, adou n ducloloyikn
TN touv dwodopou oto mMAdopa eivatl mepimou Immol/L, kat dev pmopetl va pelwdel

OPKETA, WOTE VO ATTOTEAEDEL ALt LETABOAKN G AAKAAWONG.
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Awatapayég SID

IXeTka e tn SID, n avgnon tng obnyel oe petafoAikry aAkAAwon, evw n Helwon tg o€
uetafoAkn of€won, onwe daivetatl otnv ekéva 7. Ot petaBolég tng SID, otn cuvéxela,
odeidovtal oe U0 KUPLOUG AOYOUG: TPWTOV, OTLG AAAAYEC TWV CUYKEVIPWOEWV TWV
LOXUPWV LOVIWV Kat SeUTepoV, OTIC SlaTapaxEC TOU VEPOU, OMwG dailvetal otnv ekova 7.
Ta Opla, mMou moapouctalovtal oTnV €lKOVA TIPOKUTITOUV amod peAétn tou V Fencl, otnv

omola xpnolponotionkav vyleic eBelovteg [58].

éMeupn vepol Slatapoyég Tim
nepiooela vepou cr peTpovdueva
Na*>148 mEq/L | N cr o >10 mEg/L
>112mEq/I
| <100mEq/L
— i ) MetaBoAkn
; Iy ) oféwo
MetaBoAwn MetaPoAukr Mﬂ;fg&‘(’j‘:(” | §ewon
| oAkaAwon ‘ oftwon n

Ewkova 7. Alotapayég tng SID.



Avtwvoylavvvakn EABipa-Mapkéla Awbaktopikn Statppn

Alatapay£G TWV LOXUPWVY LOVIWV

H SID elval n &tadopd Tou CUVOAOU TWV LOXUPWY KOTLOVIWY OO TO GUVOAO TWV LOXUPWV
OVLOVTWYV. AVAUEVOUEVO €lval OTL aAAOYEC TwV LoXUpwv Lovtwy, petofdariouv tn SID.
ANay£g otn ouykévtpwon tou Na® eival amotéAeopa Tng wopoplBuLoNng Kat oxeti{ovTal
OTTOKAELOTIKA e SlatapaxeG Tou vepou, omweg Ba avadepBel apyodtepa. Ta umodAouna
loxupd Katdvta oto mAdopa, to K', to Ca?* kot to Mg?, Bpiokovtal oe TOAY HUIKPES
OUYKeVTPWOEeLS (1-4 mEqg/L) kat 6ev Kupaivovtol ONUAVIIKA, WOTE VA TIPOKAAECOUV

HETABOAEG otV 0feoPaoIKA LoOppPOTILAL.

AvtiBeTa, ol LETABOAEC OTN CUYKEVTPWON TWV LOXUPWV aviovtwy, Tooo tou ClI° 600 Kal Twy
UN  MUETPOUUEVWV OVIOVTIWVY, TPOKAAOUV ONUOVTIKEG OSlatapaxég¢ otnv  ofeofactkn

Loopporia, onwe paivetal otnv lkova 7.

Awatapay£g Tou veEpou

OL SlatapayEG Tou VePOU, UE TN Olpd Toug, petafailouy tn SID. H neploosia Tou vepoul
obnyel oe peiwon ™ SID kat petafoAikni ofewon (dilutional acidosis), evw n éAAeuwpn tou

vepoU odnyeil og avénon tng SID kat petafoAikn aAkdAwon (concentrational alkalosis).

Otav umndpyxouv dlatapaxég Tou vepou, Tepiooela 1 EAAeldn, n cuykKEVIpwWON OAWV Twv
LOXUPWV LOVIWYV, aVIOVTWVY KoL KATLOVIWY, HELWVETAL i auvdvetal, avtiotolya, e tov iblo

BaBuo- emakoAoubo eival n peiwon n avénon tng SID pe tov (dlo Babuod, avtiotowa.

Av Bewpricoupe Ot évac aoBevic [59], pe ouykevtpwoelc Na*, K', Ca**, Mg? kau CI, oe
mEq/L, 140, 4, 6 ,2 kot 102, avtiotowxa- n SID givat 50 mEg/L. Av npooteBei t600 vePO,
WOTE OL CUYKEVTPWOELG TWV LOXUPWV LOVTWVY va HELWBOUV OTO ULOO, TOTE KoL N T tng SID
Ba pewwBel oto pLoO, OMwe dalvetal otnv ekova 8. Me to mapadelypa auto, e€nyeital

MwG n neploosla vepol amoteAel attia petaBoAikng oféwong. Me avaAoyo TPOTo,
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gpUNVeVETAL TWE N EAAeWPn vepou, odnyel og avénon tng SID, LEOw ULAG OXETIKNAC al&nong
TNG CUYKEVTPWONG OAWV TWV LOXUPWV LOVIWY, KoL TEAKA 0 METAPBOALKN aAKAAwWON.

Ou Statapayég Tou vepoU, avixvevovtal and tig alayéC otn cuykévipwon tou Na* oto
nmAdoua. H ouykévtpwon tou Na® eival anotéAeopa TG wopwpUBULoNG TOU CWHUATOG Kal

€lval aVTUTPOOWTEUTLKNA YLa TLG TUXOV aAAQYEC OTNV KATAOTACN Tou VEPOU.

Aedopévou autoUl, MPETEL va eKTLUNBEl, 6tav SlatapayEg tou vepol elval mMapoUoeg, n
TPAYUATIK) ouykévipwon tou CI kat va OSopBwbBel n evdexopevn apaiwon’ 0
“oupnukvwon’’. Auto emTUyXAveTal, Ue Tov moAamAaclaopud tg cuykEvipwaong tou Cl-,

onw¢ petpatal, [Cllopserved , LE EVa S10pOwWTLKO Mapayovta [58].

[CI-]corrected = [CI-]observed X ([Na+]normal /[Na+]observed)

Avaloya pe t 616pBwon ya to Cl, mpénel va yivetal §10pbwaon Kot yla Ta phn LETPOUEVQ

[XA]/SIG, woTe va EKTLUATAL N TIPAYUATLKA TOUC TLUA 0TO MAGOUQ.

& s N x2

v Na® 70 mEq/L
Na" 140 mEq/L s K* 2 mEg/L
K 4 mEq/L ca® 3 mEq/L
ca® 6 mEg/L Mg®  1mEq/L
Mg” 2 mEq/L ' 51mEg/L
cl 102 mEa/L

~ ~_

Ewova 8. Mapouoldletal To amotéAeopa Twv aAAaywv Tou vepou oto SID. AumAaoialovtag
Vv moodtnta Tou vepol, Xwpig va petaPAnBolv oL nAektpoAlteg, n SID PELWVETOL OTO
ULoO.
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H av&non tng ouykévipwong tou [Cl], odnyel o petaBoAikn oféwon (umepXAwpPALULKA
ueTaPoAky oféwon), evw n Helwon Tou ot METAPOAK OAKAAWON (UTTOXAWPLOULKA

HETABOALKA aAkAAwan).

H a0énon tg ocuykevipwong tou [Cl], umopet va odeiletal, eite otnv au§nuévn xoprnynon
TOU, €lte 0€ SLATAPAXEG TNG OUOLOOTAONG TOU. TOV TiivaKa 6, TopoucLalovTol KATAOTAOELG

TIOU UMOPOUV va 08Nyroouv og UTIEPXAWPALULK) LETABOALKA 0EEwaon.

Av Kal TTOAEG aLTieG TNG UTIEPXAWPALULKAG LETABOAIKAG 0EEWONG Elval N OVACTPEPLUEG:
oUXVA €lval LATPOYEVAG. ITOUG PapEéwG TMACXOVIEG, Mia Kown altia UTEPXAWPOLULKNAG
HeTAPBOAKNC 0fEwong, elval n xopnynon HeyaAwv mocotnTwv ¢uactoAoylkol opou. H
unepxAwpatuia, LaALoTa, o pia LEAETN, TTOU TipayuatomnolOnke oe aobeveic oe Movada
Evtatikig Oeparmneiag, avayvwpliotnke oto 80% twv acBevwv [60]. H éyxuon peydAwv
MoooTNTWV (GUGLOAOYLKOU 0poU, OE UIKPO XPOVIKO Sldotnua, odnyel oe petaBoAlkn
oféwon [61-63], auv&avovrag tn ouykévtpwon tou [Cl] oto mMAdoua, o OXEon HE TNV

ouykévipwon tou [Na'].

O ducLohoykdg opdg 0,9% eival éva StdAupa, Tou mepthappavel ioeg moootnteg Na* Kot
Cl', oe ouykévipwon 154 mEg/L, to kaBéva. Omnodte, n SID tou StaAvpatog ival 0. Evw otnv
Tieplooela vepol, Ol CUYKEVTIPWOELG OAWV TWV LOXUPWV LOVIWV HELWVOVTAL UE TOV (6Lo
BaBuo, étav xopnyeitat pucloloykog opog 0,9% yla avénon Oykou, TToU (val LOOTOVLKO

SldAupa, Tote T amoteAéopata ival StadopeTiKA.

AUTO odeileTal, 0TO yeYovOg OTL N cuykévipwon tou [Cl7] oto mAdopa eival pikpotepn anod
TN ouykévtpwon tou [Na']. To tedikd anotéheoua pe tnv npdcdeon iowv mocotAtwv Na*
kot CI, elvat va auénBel to ClI' oe peyahltepo Pabud amd to Na®, pe emoakoéAoudn TN
peiwon t™g SID. Na mapddeyupa, oe evav acBevy 70 kg, dedopévou oOtL T0 60% TOUL
owpatikol Bapouc sivat vepd, pe ocuykévipwon [Na'] 140 mEq/L kot ocuykévipwon [Cl]
100 mEg/L, n SID eivat mepimou 40. Av otov 6o acBevry xopnynbouv 10L pucloloyikou
opoU, TOTE N ouykévipwon tou [Na'] Ba auénBel oto 143mEQ/L, EVW N CUYKEVIPWON TOU

[CI'] oto 111mEQq/L, pe emakoAoudn tn peiwon tne SID oto 32 mEq/L.
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O UNXQVIOMOG TNG UNMEPXAWPALULIKAG MEeTAPOAKAC o0féwong, HME TNV  XOPNnynon
¢duooloykol opol 0,9%, elval gUKoAa KATOVONTOG ME TN PUOLKOXNULKA TIPOCEYYLON.
Qot000, N YEVECDN TNG UTEPXAWPALULKAG LETOBOALKAG 0E€wong dev cuVEEETAL LOVO UE TN
xopnynon éuactohoyikol opol 0,9%. Me avaloyo pnxaviopo, SnAadn pe tn peyaAltepn
OXETWKA avénon tng ouykévipwong tou CI amd to Na', epdaviletar otnv éyxuon

¢duactlohoykol opou 0,45%, kaBwg Kal og peyaleg moootnteg Ringer’s Lactated [60, 64, 65].

MAALoTta, EVWw N LATPOYEVHC UTIEPXAWPALULKY LETABOALKI) 0EEWON LLE TN XOpPRyNon UEYAAwWY
moooTtNTWV PpuoLoAoyLlkou opoU, Bewpeital we “avaykaio kakd” Tng avalwoyovnong tou
00Bgvolg, pla oslpd PEAETWY Ta TeAeuTala Xpovia apdlopntel tnv kakondn ¢uvon tng
Statapaync. Ot Deush kat Kozek-Langenecker [66], anédel€av tnv kaAUutepn Aettoupyla
TWV aldonmeTaAiwy in vitro, oe Oelypata acBevwv, otoug omoloug xopnynobnkav
LOOPPOTINUEVA NAEKTPOAUTIKA Sltallpata, o oxéon Ue Tov pualoAoyikd opo. Ot Wilkes kait
ouv. [67] dlamiotwoav avfnon Twv avemBUUNTWY EVEPYELWV KL TWV SLOTOPAXWY TNG
oeoBaoikn ¢ Loopporiag, 6tav xpnouomnoldnke puoloAoylkdg 0pog, yia avénon Oykou o€
oUYKPLON UE LOOPPOTINUEVA NAEKTPOAUTIKA StaAUpata. AvaAoyo EUprUATO TTAPATAPNOAY
ol Gan kal ouv. [68], oe xelpoupykoug aoBeveic kat ot Williams kat ouv. [69], otav

ouvEkpLvay, To dpucloAoyLkd opo e To Ringer’s lactated.

Mn petpoupeva aviovia (SIG)

H avénon twv pn HETPOUMEVWVY OVIOVTWY, CUUPWVA UE TN GUCLIKOXNULKN TIPOCEyyLoN,

amoteAel attia petafoAikng ofEwaong, onwe daivetal otov mivakag 6.

Ta un petpolpeva aviovta (XA), otnv ouoia, eival n dtadopd Twv SIDes KAt SID,pp, OTIWE
daivetal otnv elkova 2. OswpnTIKA, N TN Toug Ba Enpene va eival pndevikn o€ ATOUA UE
duololoyikn ofeofaoikry Looppomia. Qotoco, oe Oladopeg peléteg [58, 60, 70-73],
ONUELWVETOL Pl eupeia Stakupavon otnv Tt toug (0-13 mEg/L) os aoBeveic mou dev

€XOUV YVWOTEG SlatapaxEg tng ofeofacikiG LoOpPOTTLAG.
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‘Evag peyalog aplOuog pedetwv [74, 75] €xel mpaypoatomownBel pe okomod va
TauTOMOLNBoUV Ta UN UETPOULEVA AVIOVTO OTO MAACHUA TwV BAPEWG TACXOVIWY. ITA HUNn
HETpOUEVA avidvta cupneplhAapBavovtal To L-yaAaKTiko, Ta KETOEEQ, TO D-YaAAKTIKO. Z€
MEPUTTWOELG SNANTNPLACEWV gUdavilovtal To CAAKUALKO, TO LEBOVIKO KAl TO 0EAALKO, EVW
To Beukd kal 1o Pwodoplkd eudavilovtal oe vedPpikr) OVEMAPKELA. € KATOPBOALKEG
KATAOTAOELG KOL OALKI) TIOPEVTEPLKT SlaTtpodn TEPLOTACLOKA TTOPOUCLATOVTOL TO OUPLKO Kol
QuWVoEEa. ZToV TtivaKka 6, mopoucLldlovtal KOTAOTACELS, TToU cuvodelovtal UE auénueévn

TLUA UN LETPOUHEVWYV QVLOVTWVY KOL OIMOTEAOUV attiol LETABOALIKAG 0EEwaNG

H nmatkn [76, 77] kot n vedpik Suchettoupyia [78] elval yvwoTEG altie cuooWPEUONG
LN UETPOUHEVWV aviovtwv. EmutAéov, pia ospd peletwy [78-83], avédelfav tnv avénon

oTNV TN Toug o€ ofela vooo 1 BAABN, pe A xwpis onyn.

INUOVTIKEG altieg petaBoAlkng of€waong [84], auavovtag TNV TR TWV PN UETPOUUEVWV
QVIOVTWVY €lval ouykekplpuéva dnAntipla (MeBavoAn kat altBuveAkry YAUKOAN) Kol To

OOALKUALKO. ZUYKEKPLUEVQ, yla TN SnAntnpiacn amod pebavoin kat atBuveAlkn YAUKOAN,

Nivakag 6. Atadopikr Sldyvwon HeTABOALKAG 0EEWONG UE LELWMEVN TLUA TG SID

Awadopikn Stayvwon LeTOBOALKAG 0EEWONG UE LELWHEVN TR TG SID

[Na*] <136 mEq/L YnepBoAiky mpooAnyn uypwv, Neupoyevrc moAudupia,
Juvépouo Ampoodopng Ekkplong Aviidloupntikng Opuovng
(SIADH), YrmoBupeoeldiopog, OAotoemivedpldlakn AvemapkeLa

[Cl)corrected > 112 mEq/L OAwkny mapevtepikn Siatpodn, Eyxuon ¢ucilohoyikol opou,
Awappola, AntwAela maykpeatikwy Vypwyv, Nedppik cwAnvaplakn
otfwaon, Avaotoleig kapBoviking avudpaong, KaAloouvtnpnTtikd
SloupnTika

[XAlcorrected > 10 mEq/L AwaBnTikn ketotéwon, lotikn umofia, Nedpikr) avemdpkela,
AnAntnpiaon, D-yohaktikp oféwon, AlaTtopoxec Tou
METABOALOUOU TWV AUTLSiwy, AlatapaxEG Tou KUKAOU TG ouploag
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€va xpnowlo epyaldeio ylwa screening [85] eival n avénon TOU WOHWTLKOU XAOUOTOC
(WOHWTIKO xaoua mavw oo 20 mOsm/L): xwplg, BERata n GpUCLOAOYLKN TLUA VA OTTOKAELEL

™ Sdayvwon.

MNpoyvwoTtikn afia tng av§nong Twv pn LETPOULEVWV QVIOVTWY

Mia oelpd peletwv £xel mpayuoatomnolnBel pe otoxo va diakplBouv ta Siadopa aitia
uetaPoAkng of€wong, va dlepeuvnBel n ouxvotnta toug (mivakag 7) KoL T MOCOoTA

BvnowudtnTag o KABe katnyopia.

JUuudbwva HE TNV TPOCEYylon Tou Tpotelvav o Figge kat o Fencl, to yaAaktko
OUUMEPAAUPBAVETAL OTNV TIUA TWV KN LETPOUHEVWY AVIOVIWY. Q0TOCO0, OTLG TEPLOCOTEPES
HUEAETEG TIOU TIpAyUATOTOLRONKOV OpyOTEPA, TO YAAQKTLKO, WG SUVNTIKA HUETPOUEVO,

SlakpiBnke amo ta urtdAouta pUn LETPOUHEVA AVIOVTA.

Evéladépov mapouoldlouv HEAETEC, TTIOU TTPOOTIAONCOV VO GUCXETIOOUV TA N UETPOULEVA
aviovta pe TNV €kBaon kal Ovnowotnta twv ooBevwv. AKOPO KoL OE amouocia
dnAntnplaong, N avénuévn TN TwWV KN HETPpOUPEVWY, paiveTal va oxetiletal pe avgnuévo
Kivbuvo Bavatou [79-82, 86], ldlaitepa OTAV EKTLUELTOL N TN TOUC VWPLE KOTA TNV TopEia

NG VOOOU I TIPLV TN XOPNYNON CNUOVTLKAC TTOCOTNTOG UYPWV.

O Kaplan kat o Kellum [80], péow piag avadpoukng LEAETNG eKTipnoav tn oxéon tou SIG,
TPV TN ONUOVTIKA XOopnynon uypwv, Kol Tng Bvnowuotntag oe acbevelc pe ocofapn
ayyelakni BAGBN, mou amattovos XelpoupyLkn Tapéupaon. T mavw and 5 mEg/L Atav
TIPOYVWOTIKN yla Bvnolpotnta. Afloonueiwto sivat otL otn peAétn autr avadeixbBnke to
SIG WC LOXUPOTEPO TIPOYVWOTLKO £pYAAEio amd To YaAAKTIKO Kot amnod Injury Severity Scores.
H (6la opdda [86], emumpoobeta avédelée OtTL kal oe acBeveig petd amo peilov Tpavpa To
SIG eival emiong mpoyvwoTikdg Oeiktng povo 1o 2% twv enilwvtwv (1 aoBevig)

napovaoiale TN SIG mavw amod 5 kat povo 1o 7% twv pn enldwviwv (6o aocBeveig)
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napovoiale Tl SIG kdatw amnd 5. Avaloya amoteAéopata avadeixbnkav kal amd Toug

Duward kat ouv. [82] og maldlatplkoUg a.oBeveig HeTd amd kKapSLomVEU LOVIKO bypass.

OL Dondrop kat ouv. [81] ektipnoav tn oxéon petafl SIG kal Bvnowotntag, os Papéwg
naoyovteg aocBeveic pue ehovooia. H elovooia coBaprc popdng, ocuvnbwe epudaviletal pe
HeTaBoAk oféwon kot umepyaAaktatpia. Ot gpeuvntég aveédellav mwe kuplo altia
HETABOALKNG 0EEwaNG eV elval To YAAAKTIKO, 0AAA N AUENUEVN TN TWV LN LETPOULEVWV
QVLOVTWY, KaBwg Kal OtL To SIG elval LloxupOg MPOYVWOTIKOE TtapdyovTag yio Bvnolpotnta
otoug aoBeveig autolg. TéAog, oe pia avadpoutky peAétn, o Dunk kot oL cuv. [87],
aveédeltav OTL N auinuévn T tou SIG 12 WPEC UETA TNV QAVAKINGCN QUTOMATNG
KukAogoplag oxetiletal pe duopevr) mpoyvwon oe aoBeveilc pe kapdlakni avakormnr, ot

omolol urtePAnOnoav oe Beparmeutiki utoBepuia.

Qotooo, peléteg [72, 78] ot aoBeveic BapEéwg MAcXovIeC £xouv SNOCLEUTEL, OL Omoleg
dev katadepav va avadeifouv avaloyn oxéon HETAEU TwV QUENUEVWV TILWV TWV WN

HETPOULEVWYV QVIOVTWV KoL TNE €KBaong Twv acBevwv.

FaAakTikn o§€won

Y& ¢uoloAoylka HeTaBoAlkd emineda, ta emimedo TOU YAAQKTLKOU OTO QPTNPLAKO aipa
Kupoivovtot peta 0,5 kot 1 mEg/L. 3tn BiBAoypadia avadpEpetal pia oepd anod aLTiES
mou odnyouv oe avénon Twv EMUTESWV TOU YAAQKTLKOU, OTWG UTIOELKEG KOTOOTACELG,

onyn, tpavpa [88-90].

MapoAo mou ta avénuéva emnineda yalaktikou eival évoel€n plag umokeipevng maboloyiag
Kol €XOUV OUOXETLOBEL pe pTwyn MPOyvwaon, o UEAETEG TTOU €XOUV TpaypatomnolnBel oe
Movada Evtatikig Oepamneiag [72, 78, 79, 81] avadEpetal OTL n MAELOVOTNTA TWV A0BEVWY

Sev gpdavilouv onuavtika avénueva enimeda yaAaKTLKOU.
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Nivakag 7. Mapouoldlovtal To ANMOTEAECUOTA UEAETWV TIOU Xpnoldomoincav tn GpuoLKOXNHLKN
nmpoogyylon yla tn Slepevvnon TG MeTaBoAkng offwong oe Papéwg mAoyovteg, omd Tov

Gunnerson [53].

MAnBuoudg Asiypata Meta oAk Mn- FaAaKTLIKO XAwpro
o§éwon LETPOUEVA o&v
aviovta
Noaudratpikoi 540 230 (45%) 120 (52%) 22 (9,6%) 88 (38,2%)
ao0eveiG oe Selypata
MEO[91] (282
aoBeveig)
MNawdLatpikol 255 aoBevelg 69 (27%) 55 (79,7%) N/A N/A
acBeveig o€
MEO[79]
Noudratpikoi 46 acBevelg 42 (91%) 33 (72%) 39 (85%) 29 (63%)
acBeveic o MEO
oe shock [63]
EviAwoL acBeveig 50 acbeveic 50 (100%) 49 (98%) 31 (62%) 40 (80%)
og MEO pe
oééwon [60]
EviAwoL acBeveig 851 aoBeveig 548 (64%) 204 (37%) 239 (44%) 105 (19%)
og MEO pe
uvnoYia
YOAOKTIKG
ofEwong [92]

ISlaitepo evlladépov mapouotalel pla HeEyYAAn avadpopikr) HEAETn, otnv omola
ouunepAndOnkav 851 acbeveic mou voonAevovtav oe Movada Evtatikig Ospaneiag pe
Vv uroyia yaAaktikng of€wong. Ot Gunnerson kat ouv [92], adoU KaTnyopLlomoinoav Tig
TIEPUTTWOELC HETABOAKNC 0€€waong, onw¢ daivetal otov mivakag 7, pe Baon to umevBuvo
avLov, yalaktiko, SIG kal Cl, e€étacav ta mocootd Bvnowotntag oe Kabe katnyopia. Ta
TOOOOTA OvNnoluotnTog ATaV 56% OTIGC TMEPUTTWOEL YOAXKTIKAG oféwong, 39% oTIg
TMEPUTTWOELS SIG-0§éwong Kot 29% OTIC TEPUTTWOEL UTEPXAWPALULIKAG METABOALKAG

o&ewonc (p< 0.001). MaAlota, To TOCOOTO BVNGOLUOTNTAC OTLC TIEPUTTWOELG
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Ewova 9. Ta amoteAéopata amod pia peyaAin avadpopikn HeAétn oe aoBeveic oe MEO pe umoyia
VYaAQKTIKNG 0€€wong. Alakplon tou mAnBuopou twv acBevwy, CTICU = cardiothoracic ICU, LTICU =
liver transplant ICU, CCU = cardiac (non surgical) ICU, Med = medical ICU, Surg = surgical ICU,
Trauma = trauma ICU, Neuro = neurosurgical and neurological ICU. Mapouciaon Twv mMoOcooTwv
Bvnowotntag os kKABe MANBUOUO o oX£on e To ueUBUVO OV TNG HETABOALKAG 0EEwaonG, amod Tov

Gunnerson [53].

NG UTIEPXAWPALULKN G LETAPBOALKAC 0EEWONC ATV CUYKPLOLLO E TO TTOCOOTO BVNGLUOTNTOG

otoug acBeveig, mou dev epdpaviiav petaBoAikn ofewan (26%).

EmutAéov, OTn OUYKEKPLUEVN UEAETN, MEOW €VOG UOVTEAOU AOYLOTIKNAG TAAWSpounong,
avadeixBnkav to yalaktiko, 10 SIG, o dwodopog kat n nAkia wg aveédptntol
TPOYVWOTIKOL Tapayovieg Bvnowuotntas. MdaAlwota, afloonueiwto eival OtL otoug
Slapopetikoug MAnBuopoUg otn MEO SiEdepav Ta mocootd BvnoLluoTNTOC avaloya e TV

attia tng petaBoAkng ofEwaong, Omwg mapouoLldlovial oTnv eKova 9.
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H kAwvikn xpnowuotnta tn¢ GuUCLKOXNHLKAG TIPOCEYYLONG

Onwg kot pe kABe véa TPOCEYYLON, TO EPWTNUO TIOU YEVVLETOL HE TN HUOLKOXNMLKN
TPOCEyylon TG ofeofaciknG Loopporiag lval mola ivat n KAWLIKA TG xpnoluotnta. Me
Bacn TO €pwTNUA QUTO TpaypatomolnBnkav peAéteg [58, 72, 79, 93, 94] ywa va
Slepeuvioouv av He TN MEBOSO autny amokaAumrtovial SiatapaxéG, oL omoileg Oev
amokaAumrtovtal Pe tnv mopadootakn péBodo. ISlaitepn onuaoia €xel n peAétn twv Fencl
Kal ouv. [58], n omola dnuootevtnke to 2000. Itn PeAéTn cupnepAndOnkav 152 aocbeveig,
nou voonAelovtav oe Movada Evratikng Oespaneiag. Mepimov oto 1/6 twv aocBevwv
QUTWV, TOOO N TWA Twv OttavOpakikwy, 600 Kal to £AAelppa PBaong (BE) ntav
duololoyika. Ol HEAETNTEG, HUE TN PUOLKOXNULKA TIPOCEYYLON QMOKAAUYav TV mapoucia
HeTaBoAlkng oféwong oe 20 aobevelc pe ¢uooloylikd BE kal oe 22 aoBeveic pe
duololoyikn T SirtavOpokikwy. Itov Tivaka 8, mapouoctalovtal oL SLaTapaxEG e
ofeoPaoiknG Looppomiag otou¢ aoBevel¢ auUTOUC, ONMWG amokaAUGOnKav pe TN
bUOLKOXN KT TIPOCEYYLON. ZNUELWVETAL OTL TO 96% TWV acBeVWV TG HEAETNG apouciale
ocoBapr umoAeuKkwpaTwvaLpia. Z0udwva PeE TOUC HEAETNTEG, N Tapoucia TNG UETOBOALKAG
oAKGAwoNG Adyw Twv XopnAwv TWwv NG aABoupivng “kAAumte” tnv mopoucia tng
HETAPBOAKNC 0fEWONG, OTIC TEPLUTTWOELS TTOU &gV amokaAU$Onke pe tnv mapadoolakn

puebodo.

Ye pia mpoomtikn HeAETN Twv Dubin katl toug ouvadéddoug tou[94], kat aAl oe Movada
Evtatikic Oepameiag pe 935 aocbevelg, n duolkoxnuilky Tmpoceyylon amokaAuvpe
uetapoAkeg Sratapaxeg os 131 aobeveic (14%), ue GuoLOAOYIKN TLUH SITTAVOPOKIKWY Kol

BE. MdAwota otoug 120 amd autoug (92%) amokaAUdOnke petafoAkr) oEwon.

O Martin kat ot cuvadeldol tou [93], ota mMAaiola piag avadpoulkng HEAETNC, avEAuoav
2152 Selypata and 427 aoBeveic pe tpavpa. Mn UETPOUMEVA avIOVTa, OMwE opilovtal

arno TNV avénuevn TN tou SIG, avixvelBnkav oto 92% twv aoBevwy, evw N
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Nivakag 8. OL petafoAikég datapayEg thg o&eoBaoIKAG LooppoTiag, OTwE amokaAldOnkav e tn
dUCLKOXNULKN TipooEyylon, amod Toug Fencl kot ouv [58], oe acBeveic pe duclohoykd ENAEUUO

Baong kot aoBeveig Le GUOLOAOYIKI) CUYKEVTPWON SLTTAVOPAKLKWV.

BE [HCO:]
-0,7 to 1,3 mEq/L 23,5 to 25,5 mEq/L

(n=20) (n=22)
SID <36 mEq /L 19 (95%) 21 (95%)
Hyperchloremic acidosis;
[CI] 2112 mEq/L 2 (10%) 4 (18%)
[XA] 2 14 mEq/L 7 (45%) 12 (55%)
Dilutional acidosis;
[Na'] <136 mEq/L 11 (55%) 11 (50%)
Hyperphosphatemic acidosis;
Pi’] 2 2 mmol/L 2 (10%) 2 (9%)
Concentrational alcalosis;
[Na'] 2 148 mEq/L 2 (10%) 2 (9%)
Hypochloremic alkalosis;
[CI'] <100 mEq/L 8 (40%) 7 (32%)
Hypoalbuminemic alkalosis;
[serum albumin] <35 g/L 20 (100%) 20 (100%)

umepxAwpatpia Kat n umepyaAaktatpio oto 21% kat 18%, avtiotowa. 2ta 597 delypata
(28%) umnpxe wa dtadwvia otn gppnveia twv dlatapaxwv tng ofeoBaotkng Looppomiag
HETAEL TNC DUOLKOXNULKAC TTPOCEYYLoNG Kal TnG mapadootakng pebodou. Aladwvia otnv
gpunvela twv Olatapayxwv avadépstal kal and tov Balasubramanyan kal Ttoug
ouvadEldoug tou [79], oto 26% amo toug 255 maldtatpilkoug acBeveic mou voonAsvovtav
oe Movada Evratikng Oepaneiag, evw o Kaplan kat ot cuvadeAdol tou avédelav OtTL n
dUOLKOXNULKN Tipoogyylon €Kktog OtL aufavel tn Slayvwotiky akpifela oe Papéwc

TLAOXOVTEC, tepLopilel Ta AdBN kot TNV akat@AAnAn xopriynon vypwv [95].

TéANOG, il peAétn Tou Boniatti [96], mpaypatomollOnke pe okomod va €€ETACEL av N
dUOoLKOXNULKN TtpooEyylon aufavel T SlAyVWOTIKA Kavotnta. JupmnepAnddnkav 112

voonAeuopevol aoBevei oe Movada Evtatikig Oepameiag, amd Ttoug omoiou¢ oL 68
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napovoialav pa ducloloyikn T BE. Me tnv duaoikoxnuikn mtpooéyylon Slteyvwaodn pia
emunpoobetn petafolkn Statapaxn otoug 59 acBeveig, o€ MOCOOTO MOU QAVEPXETAL OTO

33,7% tou ocuvoAou.

Edappoyri Tng duoLKOXNULKAG TPOCEYYLONG

H Baowkn apxn ™G ¢PUCLKOXNULIKAG TPOCEYYLONG, €ival OtL OAeg ol Slatapaxég tng
oeoBaoikn ¢ Looppomiag eival amotéAeopa Slatapaxng Kiag i MEPLOCOTEPWVY AVEEAPTNTWV
uetaBAntwy (pCO,, SID, Ait). Kat' eméktacn, n HeTaBoAn Twv avefdptntwy PeTaBAnTwy
amoteAel Tn Bdaon yla tn SlayvwoTIKA TTPOCEYYLON Kal TN BEPATMEVUTIKN AVTILETWILON TWV

Slatapaywyv tng oeoBacikng LOoppoTTiag.

Onwg mpoavadépdnke, ol StatapaxeG tng ofeoBaclkng Looppormiag, Slakpivovtal o€
OVOTIVEUOTLKEG Kol LETAPOALKEG. Ma TN SlEPEUVNON TWV AVATIVEUOTIKWY SLATAPAXWYV, OTIWG
napouctaletal otnv elkova 5, afloloyeital n tiun tng pCO,. IXETIKA Ue TN Slepelivnon Twv
HeTaBoAkkwy Slatapaywyv mpoteivovral ta €NG BrKaTa, 0€ cUVOUOOUO UE TIG €ELOWOELG,

OTwG TapoucLalovtal oTov Tivaka 9:

1° BApa: Na ektpnBei ko va aflohoynBei n tuur] Tne SID, SIDef.

2° BApo: Na ektiunBei n T ™c ouykévipwonc tou [Na'] yia evSexopevn Satapoxn

vepou.
3° Brjpa: Na ektiunBet kat va aflohoynBei n cuykévtpwon tou YAwpiou, [Cl]corected-

4° Brpa: Na ektiunBel kat va aflohoynBei N cuykévTpwon Twv pn HETPOUUEVWY QVLOVTWY,

[XA-] corrected-

5° Brjpa: No ekTiin®olv oL TLHES TWV aoBEVMV N TITTIKWY 0E£€wV aToV 0p0O, aABOUpIVNC

Kal dwodopou.
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Nivakag 9. E€lowoelc ou amoattovvtal yo. Ty edpappoyn the GUCIKOXNULKAC TIPOCEYYLONG oTNV

KALVIKNA TIpaén

SID.#(mEq/L)= [HCO5 ]+ (0.123 x pH — 0.631) [Alb](g/1)+(0.309 x pH — 0.469) [Pi](mmol/L)

[XA] =([Na*] +[ K] + [Ca®*] + [Mg**]) = [CI] - SIDs

[XA-]corrected = [XA-]observed X ([Na+] normal / [Na+]observed)

[CI-]corrected = [cr]observed X ([Na+]normal /[Na+]observed)

Tuunepacparta

H duowoxnuiky mpocéyylon eival pia eval\akTiky TPoogyylon Ttng ofeoBaoIKAG
Lloopporiag, n omoila MPoodEpeL Eva VEO cUOTNUA yla TNV eKTipnon twv datapayxwv. H
avadopd NG ueBOSou otnv BiBAloypadio mapouoialel pia avodik Topeia, HE TN
dnuocieuon plag ospdg HeAeTwy ou avadépovtal otnv SLayvwoTiK KoL TPOYVWOTIKA

Sduvatoétnta tng pebodou.

Me tn puoLKoxXNULKA TIPOCEYYLON TNG 0EE0BAOLKAG LooppoTtiag apéxetal n duvatotnta va
avixveuBel kat va aflodoynBel kABe eMIPUEPOUC CUCTATIKO, AKOLLO KOIL OTLC TIEPUTTWOELG TWV
o ouvBetwv Slatapaywv. Emutpocbeta, mapéxovral mAnpodopieg yla tnv maboyévela
Twv peTtofoAlkwy Slatapoywv Kal SIVETOL HE QUTOV TOV TPOTO N eukalpla yla tnv

KATAAANAN Bepameutikn mapéupaon.
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Elwcaywyn

H a&lohoynon tng ofeoBaolknG LooppoTmiag Tou MAACHATOG €ival adlapdlopninta éva
ONUAVTLKO EpYAAEIO OTNV MPOCEYYLON TOUG 0.0BEVOUG, SE6GOUEVOU OTL TTAPEXEL ONOVTLKEG
mAnpodopieg 1000 yla TN coBapotnta 600 Kat yla tnv naboducloloyio TOU UTIOKEIEVOU
voonuatog. Ot emikpatoloeg MEBOSOL  oTnV eKTiMNONn TNG 0fe0BAOIKAG LoOppPOTiaG
Baailovtal gite otnVv cuykévipwon twv dittavOpakikwyv oto mAdopa ([HCOs3]) [97] kal oto

xaoua aviovtwy (AG) [24], eite otnv nepiooela/ENAelupa faong (BE) [2].

H duoikoxnuikn mpoogyyLon, n omoia avaluTtika neplypadnke oto Mevikdo Mépog, anoteAet
pia evallaktiky pEBodo ektipnong tng ofeofaotkng Looppomiag [40, 43]. H pébodog
ouTh, N omola sival yvwotr Kal wg péBodog tou Stewart, Baoiletal o éva pabnuatiko
HOVTEAO, TO Omoilo  xpnoldomolel OepeAlwOel PUOLKOXNULIKEG APXEC TWV USATIKWY
StoAuvpdatwy [38]. ZUVOMTIKA, OTn GUOLKOXNULK TIPOCEYYLON KEVTIPLKO POAO KOTEXEL N
eflowon g Sldomaong tou vepou. O Stewart, o omoiog avamtuée auvt tn UEBOSO,
gypae €€l €€lowoElg, OMWE QUTEG TPOKUTTOUV amd TNV LKAvVOTolnon Twv TPLWV
Bepedlwdwy apxwv Twv LOOTIKWY SLOAUHATWY (apX NAEKTPLKAG OUSETEPOTNTAG, apXN

Statripnon pnalag Kal VOUoG eVEPYELOG MAlag).

H onuavtikn dtadopd tng mMpooéyylon autr o oUyKpLlon UE TIC AAAeC peBOSoug Eykeltal
oTNV ELl0AYWYN TWV 0pWwV TwV aveEdpTnTWV Kot e€aptnUEVWY PETABANTWY oTNV afloAdynon
¢ ofeoPaoikng looppomiag. IUpdwva HE TO HOVIEAO Tou Stewart, n ofcofacikn
Lloopporia oe KAOBE CWHUATIKO LYPO, KAl KAT EMEKTOON OTO MAACMA, Kabopiletal amod Tig
avefaptnteg petaPAntég. Avefaptnteg petaBAntég, oVpdwva e Ttov (6o, elval ol

HETAPBANTEG TTOU HETABAAAOVTOL TTPWTOPXLKA KoL AveEAPTNTA N Uia Ao TNV AAAN.

Y10 mMAAopa in vivo, ol avefaptnteg PeTafAnTEC elval n peptkn mieon tou CO;, (PaCO,), n
Sladpopd Twv Loxupwv LOVIWV (strong ion difference, SID), n omola eivat n dtadopd TOU
GUVOAOU TWV LoXUPWV (MAApwE StaoTtacpévn popdr) katdviwy ([Na*], [K], [Ca*'], [Mg*'])
Kall TwV oxupwv aviovtwy ([ClI] kat aA\a woxupad aviovto cupmepAapBavopevou Kal Tou
YaAQKTIKOU 0€£0G) KAl T OUVOALKH CUYKEVTPWON (SlooTtaopéVWY Kal pn SlaoTtaopévVwY

HopdWV) TwV acBeVWV PN TINTIKWV 0EEWV (Ator, OABOUMVIVN KoLl avopyavos dwodopog).
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OL e€aptnuéveg peTaBAnTEG, OMwE ival To pH KAl N CUYKEVIpWON TwV SLTtavOpaKiKwv
[HCO3], 6ev umopouv va petaBAnBouv mpwrtapxikd 1 avefaptnta: petofailovrol

TOUTOXPOVA LOVO aV pia armo TG aveEdptnteg LETAPANTES TpomtomnolnBouv.

Mo oelpd amo PeAETEG €xouv mpayuatomolnbsl pe otdxo va SlepeuvnBel n KAWIKN
XPNOWOTNTA TNG GUOLKOXNULKNG TIPOOEYYLONG KoL N SLoyvWwoTIK TNG LKAVOTNTAG OF
olyKplon UE TG mapadoolakeg pebodoug [58, 79, 87, 98]. H mAeloPndia Twv HeEAETWV
outwv ouumeplappave Bapéwc maoyxovieg acBeveic kal aobeveilc voonAeuouevoug o€
Movada Evtatikng Oepamneiag, evw ehdylota Sedopéva MPOKUTITOUV yla TV afla Tng

HueBodou oe aobeveic mou mpoacépyovral oto Tunua Emelyoviwy Neplotatikwy (TEM).

ZKOTOG

O oKomo¢ TNG MEAETNG QUTAC €lval n  ektipnon ™G 0ofeoPfaclKAG LOOPPOTILAC
XPNOLLOTIOLWVTOG TOOO TN GUOLKOXNULIKY TIPOCEYYLON 000 Kal TI( TIOPASOOLOKEG
SloyVWOTIKEC Tpooeyyloelg oe aocBevelc mou mpooépyxovral oto TEM mpwv edpappootel

omnotadnnote BepamnevTikn mapeupaon.

M£06odo¢

MpOKeLTAL yla pia TIPOOTTIKY UEAETN apATAPNONG, N omola mpaypatonotdnke and tov
Maptio tou 2011 €wg tov ZemtéuPpo tou 2011 oto MNavemotnuiakd Noookoueio
HpakAeiou Kpntnec. H pelétn éhafe €ykplon amod tnv smtporn HOWKAG kat Asovtoloylog
tou Mavemotnuiakol Noookopeiou Tou HpakAgiou Kprtng. Evumodypadn cuykatdBeon
napoaAndOnke and toug acBeveic TNG HEAETNCG, S£SOUEVOU OTL EMPOKELTO yla piot PEAETN
QUOTNPA TtapaTHPNoNG Kal Sev Tpomomnoinoe tn SlayvwoTikA 1 BEPATEVTIKA TPOCEYYLON

TwVv aoBevwy avtwv. Qotoco, evurntdypadn cuykatabeon eAdOn amod ta vy dtoua, anod
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To omoila ouveAéyn aptnplakd kKat GAEBLKO aipa MpoKeWEVOU va KaBopLoToUV Ol TIUEC

avadopag TWV HETABANTWY TNG UEAETNG.

AcBeveic cuuneplAndOnkav otn LEAETN, LOVO €AV KATA TNV PooéAeuon toug oto TEM, o
LATPOC TIOU TOUG UTIOSEXTNKE (LaTpOC ToU SevV CUUUETEIXE oTn MEAETN) amoddoloe va
OUAAEEEL apTNPLOKO alpa amo autouc, e BAON TO TOTIKA MPWTOKOAAQ KoL TNV KAAUTEPN
olyXpovn LaTPLKA TPAKTK. Ta dnuoypadka otolxeia Twv aobevwy, n apxikn didyvwon,
OTIWG TIPOEKUTITE OO TNV apXLK €KTIUNON Tou¢ oto TEM kot to Sepsis—related Organ
Failure Assessment (SOFA) [43, 99] score kataypadnkav. EmumpdcBeta, otoug aobevelg, ot
omolol swonxdBnoav otn Movada Evtatikng Oepaneiag (MEO) to Acute Physiology and

Chronic Health Evaluation (APACHE) Il [100] score uTtoAOyiOTNnKE.

Asilypota ano aptnplako kat GAEBLKO aipa cuveAEynoav TauToxpova Kal avalubnkav yla
aépla aipatog kot Bloxnuikod éAeyxo, avtiotolya. Ta aptnplakd Selypata cuveléynoav os
NMOPLVIOUEVEC TIAAOTLKEG CUPLYYEC Kot avaAuBnkav yia pH, PaCO; Kal Loviopévo aoBECTLO
(ICa*']) (Cobas b 221 Blood Gas Analyzer, Roche Diagnostics). Ta ¢pAeBikd Seilypata
avaAuBnkav oto Keviplkd epyaotnpo tou Noocokopeiou yia tov KaBoplopd 1ng
OUVYKEVTPWONG TwV NAEKTPOAUTWY Kol TwV TTPWTEIVWV Tou Adopatog (AU 5400 Chemistry
System, Beckman Coulter Diagnostics). Ta wvta [Na'], [K'], kat [CI] petpr®nkav pe ™
XPNON LOVIKO-EKAEKTIKWY NAEKTPOSiwY, 0 avopyavog dwodopo¢ pe tnv molybdate UV
1éB0S0, TO OV [Mg®'] ne v xylidyl blue pébodo (bwrtopetpikh HéBoSoc) kat n aABoupivn
Tou opoU pe tnv bromcresol green (BCG) péBodo (mpdodeon aAPoupivng mavw otnv

OVLOVLKH XPWOTLKN TIPACLVO TNG BpwUoKpeloANng).
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YnoAoyl{opueveg petaBAnTeg

Ta SttravBpaxkikd ([HCOs?) kat to EMeupa/nepiooeta Bdonc (BE) umoloyiotnkav pe tv
xpnon twv eélowoswv Henderson-Hasselbalch [101] kat Van Slyke [21], avtiotowxa. To

xaopa aviovtwy (AG) ektiunOnke pe tov €€n¢ Tumo [24]:
AG = ([Na'] + [K']) = ([CI'] + [HCO3]), 6Aa o€ mEq/L.

H 816pBwon tou xdopatog avioviwv (AGa.g, MEQ/L) yla tnv enibpaon tng maboAoyikng

OUYKEVTPWONG TNG aABoupivng otov opo (oe g/L) éyve wg €€ng [102]:

AG,gj = peTpoUpevo AG + 0.25 x (40 — ouykévtpwon aABoupivng).

H puotkoxnuikn mpoogyylon edapUooTnKe XPNOLLOTIOLWVTAG TO LOVIEAO Tou Stewart [6],
OMw¢ tpomormnolwonke and tnv oudda tou Figge [41, 42], wote va cuuneplAndBel oto
HOVTEAD n emidpaon Twv MpwTteivwv tou mMAdopatog. To effective strong ion difference

(SIDeff, mEQ/L) umtoAoyioTtnke XpNOLUOTOLWVTAG TOV TUTO:
SID.s = [HCO:] + [AlbT] + [Pi],

omov, [Alb] and [Pi7] elvat ta NAeKTPLIKA apvnTikd ¢poptid (MEg/L), Ta mpogpyovtal and tnv

aABoupivn kat to pwodopo, avtiotolya.

H tuun twv [Alb] kat [Pi’] umoAoyiletal amo tnv Tyn tou pH Kat Tig TipHég tng aABoupivng oe

g/L kaL tou pwodopou oe mmol/L, avtiotolya, pe Toug akoAouBoug TUTIOUG:
[Alb’] = aABoupivn x (0.123 x pH -0.631) Kait

[Pi']= dwodopog x (0.309 x pH — 0.469).

To strong ion difference apparent (SID,,p, MEQ/L) urtoAoyiotnke wg €§Ag:

SID,pp = [Na*] + [K'] + [Ca®*] + [Mg®*] - [CI'], SAa o mEq/L.
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To Un HETPOUMEVA LOXUPA QVLOVTA, YWWOTA w¢ strong ion gap (SIG, mEg/L), elvat Loxupd
aviovta aAAa ektog amnd [Cl7] (yoAakTiko, KeToféa, BeUKO Kal AANA opyavikd avidvta) Kal

urtoAoyiotnkav amno tn Stapopd Twv SIDesr Kat SID4pp.

To SIG and [CI] SopBwBnkav (SIGer kat [Cl]er, aviiotolxa) yla dlatapaxég vepou
(EMewpn/nepioosta vepou) moAAamAaoLalovtog TNV avtiotolyn UETPOUUEVN TN HUE TOV

5L0p9leKé TlOlpdVOVTOL ([Na+]¢~umo)\ovu<é/ [Na+]uerp00u£vn)-

Twég avadopdg yla TIG LETPOUUEVES Kol UTIOAOYLIOUEVEG HETABANTEG tpogkuPav amod tnv
avaAuon Twv aptnpLlakwyv Kat GAeBikwv Selypdtwy amnod 18 vyleic eBeloviég. DUCLOAOYIKEG
TLLEC BewpnBnKav oL TIUEG HeTafl Twv 0.13 kat 99.87 £KATOOTNHUOPIWY TWV TIHWV OTWG

TPoEKUYPE amod TNV avaAuon Twv SElyHATWY TwV UYLWV eBgAovTwy.

Ztatiotiky avaiuon

Ta dedopéva avaAlBnkav XPNOLLOTIOLWVTACG KN TIOPOUETPLKEG AVOAUOELG. ZUVEXLIOUEVEG
HETAPANTEC exkppaotnkav wG OSldpeceg Twwég  [25-75°  Satetoptnuoéplo €Vpog
(interquartile range, IQR)], kaL ouykpiBnkav xpnowwomowwvtag Mann-Whitney test.
Katnyopikéc petaPAnTéc ouykpiBnkav xpnowonowwvrag to Fisher’s exact test fj to x° test,
avaloya Ue tnv Tepilotacn. AvaAluon AOYLOTIKAG TOALVOPOUNONG KAl UTIOAOYLOUMOG TNG
TLEPLOXN G KATW aTo TIC KAUTTUAEC AELTOUPYLKOU XOPOAKTNPLOTIKOU SEKTN [receiver operating
characteristic curves (ROC)] mpayuatonotibnkav 1600 yla TG KAWIKEG OO Kal Yyl TLG
EPYAOTNPLOKEG UETABANTEC YLt TNV TTPOPAEYN TNG VOOOKOUELOKNG BvnToTNTaC. MPApUKN
naAwdpopnon kat avdAuon katd Bland and Altman nipaypotonow|Bnkav HeTa§y Twv AG,g;
Kal SlGe,. Ol otatlotikég avaAvuoelg (SPSS version 20.0, Chicago, IL) Atav «&uvo

KateuBUvoswv» (two-sided) kat T p<0.05 BswprBNKE OTATLOTIKA ONUAVTLKH.
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otn pehén

|

262 acBevsic swofyBnoav [ 103 acBeveig sionxbnoav
ot KAwvikég om ME®

[ 365 acBeveic cupnespdbnoav ]

55 acBeveis sionybnoov otnv 207 acBeveig sonybnoav otnv
MaBoloyikh KAwikr Mvsupovoloyikr KAwvikd

Ewova 10. O mAnBUoUOG TNG LEAETNG .

AnoteAéopata

Tplakoolol e€nvrta mévie aoBeveic oupmepAndOnkav otn peAétn. Olol oL aoBeveig
glonxdnoav oto voookopeio. Ekatd tpelg acBeveic elonxbnoav otn MEO Kkatl 262 dtopa
voonAevtnkav o KAwiwkég (MveupovoAoyikr, MaboAoyikr KAwik) (Ewova 10). Ta
XQPOKTNPLOTIKA TwV acBevwy, n dlayvwon gwcodou kal n Bvnowpotnta mapouatalovrot

otov MNivaka 10.




Avtwvoytlavvvakn EABipa-MaopkeAa Awdaktoptkn StatplBn

Nivakag 10. XopoKTNPLOTIKA TwV aoBevwy tNG LEAETNG, n Sldyvwaon L6080V KOl N VOOOKOWELOKNA
Bvnouotnta, Omou oL HeToPANTEC ekdpdotnkov we Sldueoec Tée [25-75° SloTeTapTnUoOpLo
gupog (interquartile range, IQR)].

SOFA; Sepsis—related Organ Failure Assessment. ME@; Movada Evtatikng Oepaneiag. APACHE II;
Acute Physiology and Chronic Health Evaluation .

HAwia, €tn 72 [58-81]
®UAo (appev) 244 (66.8%)
SOFA score eloaywyng 4 [3-6]
ApOud¢ acBevwv nou elonxOnoav oe KAVikEG 262 (71.8%)
ApOuo¢ acBevwv nou elonxOnoav oe MEO (e§apxng) 103 (28.2%)
APACHE Il score katd tnv eloaywyr o MEO 18 [12-25]

AVAyKN YLl LNXOWVLIKO OLEPLOUO TIG TPWTES 24 WpPEG ELoaywyrg os MEO® 96 (93.2%)
AVAYKN yLOl 0lYYELOGUOTIOLOTLKA TLG MPWTEG 24 WPEG EloaywyrG oe MEO® 87 (84.5%)
Aldlyvwon eloaywyng

Noipwén 141 (38.6%)
O&eia avamveUOTIKI) AVEMAPKELQ 67 (18.4%)
O&eia eni xpoviag AVANVEUOTIKNG AVETIAPKELOLG 56 (15.3%)
Tpalua 28 (7.7%)
Kokorfsia 14 (3.8%)
Alpoppayia 9 (2.5%)
Kap8ilakn avakorn 8 (2.2%)
AAAEG SLaYVWOELG 42 (11.5%)
Nocokopelakn Bvnowudtnta — 6Aot ot acBeveic 39 (10.7%)
AcBeveic oe MEO (€apxng) 25 (24.3%)
AcBeveic og KAwvikég 14 (5.3%)
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OL UOCLOAOYIKEC TIUEC TWV  UETPOUMEVWV  KOL  UTIOAOYL{OMEVWY  HETABANTWV
napouotalovtal otov Mivaka 11. Ie oUykplon HE Ta GUCLOAOYLKA ATOMA, OL acBEeVeilg
napoucialay OTATOTIKE ONHAVTIKA XapnAdtepec Tiée aABoupivne, [Cl'] kat [Ca*'], kot

uPnAOTEPEG TWEG SIDeff, SIG, SIGcor KAl AG,g; (Mivakag 11).

Nivakag 11. Metpriotpec KaL uTtoAoyLl{OpEVEC LETAPBANTEC TNG 0EE0PACIKNAG LOOPPOTILAG OTOUC UYLELG
eBehovtéc kat aoBeveic TNG HeNETNG, Omou oL HeTaPANTEC ekdpdoTnkov we SLIAUECEC TLuéG [25—75°
Slatetaptnuoplo Vpog (interquartile range, IQR)].

PaCO,; pepwkn mieon aptnplakol CO,. Pi; avopyavog pwodopoc. Alb; aABoupivn opol. [HCO;T;
SurtavOpakikd. AG; xdopa avioviwv. AG,q; AG SlopBwpévo yla ouykeévipwon aABoupivng. BE;
‘eM\ewupa/miepiooela Baong. SID.; effective strong ion difference. SIG; strong ion gap. SIG.,; SIG
SlopBbwpévo yia ENeuwpn/mepiooela vepoul. Cl,; XAwplo Sopbwpévo yia éNewpn/meplooela
vepou.

Metprolpeg HeTaBANTES

pH 7.40 [7.39-7.42] 7.40 [7.34-7.43] 0.987 7.37-7.44
PaCo,, 40 [37-43] 39 [34-47] 0.718 36-45
mmHg

Na‘, mEq/L 139 [139-140] 139 [136-141] 0.236 138-144
K*, mEq/L 4.3[4.1-4.4] 4.2 [3.9-4.6] 0.919 3.7-4.6
Cl', mEq/L 105 [104-105] 102 [99-106] 0.033 101-107
Ca*, mEq/L 2.4 [2.4-2.5] 2.3[2.2-2.4] 0.001 2.3-2.7
Mg>, mEq/L 1.7 [1.6-1.8] 1.7 [1.5-1.8] 0.729 1.6-1.8
Pi, mmol/L 1.2 [1.0-1.3] 1.1[1.0-1.3] 0.586 <1.6
Alb, g/L 45 [43-46] 35 [30-40] <0.001 38-49

Yriohoyw[Opeveg petapAntég (mEq/L)

[HCO;] 24 [23-25] 24 [21-27] 0.468 21-27
AG 15 [15-16] 16 [14-18] 0.439 <17
AG,q; 15 [15-16] 17 [14-20] 0.010 <17
BE -0.3[-1.1-0.3] -0.5[-3.2-2.8] 0.986 -2.7-2.3
SID¢¢ 39 [37-41] 36 [32-39] 0.003 35-42
SIG 5 [4-6] 8 [5-10] <0.001 <6
SIG o, 5 [4-6] 8 [5-11] <0.001 <6
Cleor 105 [104-106] 104 [100-107] 0.269 102-107
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Awatopoxég otnv T tng PaCO, moapatnpnBnkav oe 229 oaobBeveig (62.7%) kot

OUVKEKPLUEVOL OVOTIVEUOTLK 0&éwon moapatnpndnke oe 105 (28.8%) Kol QVOITVEUOTLKN

aAkaAwon o€ 124 (33.9%) aoBeveig.

Itnv ewova 10, mapouolaletal n eMMTwon tTwv PeTaBoAkwy dlatapayxwv, He Baon tv

dUOLKOXNHLKN TIPOCEyyLon Kal T peBodoug otnpl{dpeveg oe BE kal [HCOs], avtiotolya.

Enintwon twv petafolikwv Sitatapaywv tng ofeofaacikrg Looppormiag

A 4

Quaokoxnpikn

Mpogéyywon
n= 279 (76.4%) *

A

SID
n=181 (49.6%)

Ao

n=227 (62.2%)

[HCO,]

n=151(41.4%)

Ofewan
n=99
(27.1%)

Alkadwaon
n=103
(28.2%)

Ofewan
n=66
(18.1%)

AlkaAwan
n=85
(23.3%)

SID
Oféwon
n=130
(35.6%)

SID
Alkdahwon
n=51
(13.9%)

Ao
Oféwon
n=19
(5.2%)

Ao
AlkaAwaon
n=220
(60.3%)

Ewova 11. Enintwon twv petafollkwv dlatapaywv tng ofeoPaocikng Looppomiag e Pdaon tn
duaoLKoxnULK Tipooéyylon, BE kat [HCO;].
BE; éM\ewupa/mepiosia Baonc. [HCO;s]; SittavOpakikd. SID.; effective strong anion difference. Ay

aoBgvn KN MTNTIKA ofEal.

*ITATLOTIKA onuovTikn dltadopad and npooeyyioelg pue BE and [HCO57] (chi-square test, P<0.001)
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Ye olyKplon e TIg peBodoug otnplopeveg o BE kat [HCOs], n puoikoxnuLKi TTPOCEYYLON
QVAYVWPLOE OTOTLOTIKA ONMOVTLKA TIEPLOOOTEPOUG A0BeVE(G pe PETABOALKEG SlaTtapayEg
oeoPBaoikng Looppomiag (chi-square test, p<0.0001). Mepattépw availuon avedelfe OTL N
SIGer 0E€won NTav n 1o ocuxvh petaBoAwkn Statapayxn (63.0%), evw akoAouBouoce o€

ouxvotnta n aAkaAwon opeAopevn otnv untoaABouptvatpia (60.3%) (Mivakag 12).

ITATLOTLKA ONUAVTLIKA AlyOTEPOL AoBEeVELG e 0EEWaN 0DENOEVN OTN CUYKEVIPWGN TWV LN
HETPOUHEVWY OVLOVIWVY avayvwpiotnkav pe T xprion tou AG,q € oUYKPLON HE TN Xprion
ToU SIGor (164 vs 230, p=0.0001, chi-square test). Movo 1 aoBeviig eixe uPnAn TR AGag
Kal GuoloAoykn TN SIGe. AV KoL UTINPXE Mla €EQUPETIKA KOAN YPOUMLK CUOXETLON
HETAEU TWV SIGeor KOl AGyg; (r’=0.909, p < 0.001), n avaluon kata Bland and Altman

avESEeLEe oNUAVTIKEG amokAioelg petafl Twv duo petaBAntwy (Ewkdva 12).

Nivakag 12.Enintwon twv petaBoAkwv Slatapaywyv TG 0E€oBaoLKNG LOOPPOTILAG.

Cleor; XAwplo Slopbwpévo yia €Newpn/mepioosia vepol. SIGy; SIG SlopBwpévo yla
ENewpn/mepiooela vepol. Alb; alBoupivn opou. Pi; avopyavoc ¢wodopoc.AG; xdaopa
aviovtwy. AG,q; AG SlopBwpévo yla cuykevtpwaon aABoupivng.

Cl ".or 0€€won ( Cl o, > 107 mEq/L) 73 (20.0%)
SIG.. 0§éwoy ( SIG, > 6 mEq/L) 230 (63.0%)
0O%éwon € apawwoswg ( Na'< 138 mEq/L) 143 (39.2%)
YrepaABoupwvatpikr oéwaon (Alb > 49 g/L) 3(0.8%)
Yrneppwodaratukn o§éwaon (Pi 2 2mmol/L) 16 (4.4%)
AAkdAwon Aéyw cupnikvwong ( Na® > 144 mEq/L) 20 (5.5%)

Cl o aAkAwon ( Cl oo <102 mEq/L) 124 (33.9%)
YrioaABoupwvatpikr] aAkdAwon (Alb < 38 g/L) 220 (60.3%)
AG > 17 mEq/L 111 (30.4%)
AG,q; > 17 mEq/L 164 (44.9%)
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Ewova 12. Mpapuikny maAwvdpopnon (A) kat Bland and Altman (B) avaAucn petafl SIG.., kot
AG,q. OLypoppeg eivat n péon Stadpopd petafl twv petapAntwy (bias) £1.96 SD (95% opla
cupdwviag).

SIGeor; SlGeor; SIG SlopBwpévo yia €Neuwpn/mepiooeta vepol. AG,y; AG SlopBwpévo yla
OUYKEVTpwaon aABoupivng.
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OfeoPaolkEC SLATAPAXEG, OL OTOLEC TIPOEKUTITAV QO TNV MABOAOYIKI) CUYKEVTPWGON TOU
[Na"] kat [CI'] Atav emiong ouxvég kot mapatnperidnkav oto 45% kat 54% Twv acBevwv,

avtiotolya.

Itov Mivaka 13, mapouaotalovial pla oelpd HETOBOAKWY Slatapaxwv tng 0&eoBaoLIKNG
Loopporiag pe Baon tnv puoLkoxnULK TIPOoEyylon, oTtoug aoBeveig mou mapouctaloviav
He duaolohoyikn ofeofacikr LOOPPOTILA, OTMWE AUTH TIPOEKUTITE ATO TNV GUGCLOAOYLKH TLUA
Twv BE kai/n [HCOs7]. E€atpwvtag toug aoBevelq pe auvénuévn tinn AG,g, 83 aobeveig
napoucialav puctoloyikn twun BE, 116 ¢puctoloyikn tiur [HCO3] kat 81 pucololoyikn TN
BE kat [HCOs3]. Ano autolg toug acBeveig, n mAsoPndia (eVpog 82%-80%) eudavile
TouAdylotov Hia petafoAwkn Slatapayxr, ONMWG TPOEKUTTE amO TN PUOLKOXNULKA
TIPOCEYYLON, EVW TO €va Tpito mepimou (eVpog 37%-35%) mapouociale maboloyikn TN
SIGeor. ATO TOUG aoBeveic pe ¢uaotoloyikr T PaCO, (n=136), 75 aoBeveig (55.1%)
napouvcialov puctohoyikn T BE kat 108 (79.4%) duactodoyikn Tur [HCO3] (Mivakag 4).
e aUTOUG TOUG 00Bevelg, N GUOIKOXNULIKN TIPOCEYYLON amokKAAUPE TOUAAGXLOTOV uia
umokeipevn, “kpudn” petaPfoAikny Satapaxrn oe 65 (86.7%) kot 95 (88.0%) aocbevelg,
avtiotolya. E§atpwvtag toug acBeveiq pe auvénuevn Tun AG,g, 44 acBeveiq napouoialov
duololoyikeég TIEG BE kat PaCO,, kat 67 ductoloywkn T [HCOz Jkat PaCO,. Amod toug
aoBeveic autolg, ol 34 (77.3%) kat oL 54 (80.6%), avtiotolya, mapoucialav TouAdylotov
uio petaBolikn datapaxn He BAaon TN uacikoxnULKy tpoogyyion, evw 12 (27.3%) kat 21

(31.3%) aoBeveic mapouvacialav maBOAOYIKES TUIEG SIG -
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Nivakag 13. Enintwon twv petafoAkwy Statapoywv tng ofeoPaacikrg Loopportiag os acBeveic e puotoloyikn Tiun BE, ductoloyikn tiun [HCO;T],
duaolohoyikég TIHEG BE kat [HCO5], puotoroyikeg Tipég PaCO, kat[HCO; ] kat pucotohoyikeg TiéG normal[HCO; ] ka BE.

BE; éMelppa/miepioosia Baong. [HCO5]; SittavBpakikd. PaCO,; pueptki mieon aptnplakol CO,. SID; strong ion difference. SID.; effective SID. Cl,,; xAwpLo
SlopBwpévo yia eNAeln/mepioosta vepou. SIG,,; SIG StopBwpévo yla EAAeun/mepioosia vepou. Ay 0.00gvh N mTNTIKA o€,

*OL aoBeveig pe puatoloyikn tiur) PaCO,/[HCO5] /BE Atav ot idlot pe puctohoyikég Tipég PaCO,/BE.

®duclodoyikrp  Duololoyiki Duoohoyikég  DUGLOAOYIKES DUOLOAOYIKEG
T T TIHEG TIHEG TLHEG
BE [HCO;] BE/[HCO;] PaCO,/[HCO;-] PaCO,/[HCO;-]
n=163 n=214 n=159 n=108 /BE

n=75%*

SID o&€won (SID.s < 35 mEq/L) 39 (23.9%) 65 (30.4%) 38 (23.9%) 26 (24.1%) 8 (10.7%)

Cl ..r 0§€won (Cl o, > 107 mEq/L) 22 (13.5%) 42 (19.6%) 21 (13.2%) 25 (23.1%) 13 (17.3%)
O%twon £§ aporwoswg (Na* < 138 mEq/L) 63 (38.7%) 82 (38.1%) 61 (38.4%) 33(30.1%) 18 (24.0%)
SIG.,;, 0f€won (SIG.,, > 6 mEq/L) 111 (68.1%) 138 (64.5%) 108 (67.9%) 62 (57.4%) 43 (57.3%)

SID aAkdAwon (SID.+ > 42 mEq/L) 1(0.6%) 0 (0%) 1(0.6%) 0(0%) 0(0%)

Cl ".or aAkdAwon (Cl ", < 102 mEq/L) 36 (22.1%) 45 (21.0%) 34 (21.4%) 23(21.3%) 17(22.7%)
AAkGAwon Aoyw oupnukvwosws (Na* > 144 mEq/L) 6 (3.7%) 9 (4.2%) 6 (3.8%) 7(6.5%) 5(6.7%)

A.or 0§EwoON 8 (4.9%) 9 (4.2%) 6 (3.7%) 4 (3.7%) 3 (4.0%)
YriepaABoupwvatpikr oféwon (Alb > 49 g/L) 2 (1.2%) 1 (0.5%) 1 (0.6%) 1 (0.9%) 1(1.3%)
Yneppwodaraiukn o§éwon (Pi 2 2mmol/L) 6 (3.7%) 8 (3.7%) 5(3.1%) 3 (2.8%) 2 (2.7%)

A;o: aAKAAWON
YrioaABoupwvatpikr) aAkdAwon (Alb < 38 g/L) 95 (58.3%) 125 (58.4%) 93 (58.5%) 54 (50.0%) 34 (45.3%)

AG,q; 0§éwan (AG,g > 17 mEq/L) 80 (49.1%) 98 (45.8%) 78 (49.1%) 41 (37.9%) 31 (41.3%)




Avtwvoylavvvakn EABipa-Mapkeha Awdaktoptkn datpLpn

MNapadeiypata petafoAikwv Slatapaxwv TG ofeoBaoikng LooppPOMiag, OL OTmoleg
avixvelTnKav Pe tn GUCLKOXNHLKN TIPOoEyylon o€ aoBevel¢ TNG HEAETNG e GUGLOAOYIKN
Ty  BE kat [HCO;5], mapouoialovtal otov Mivaka 14. Itnv mepimtwon 1 (toikn
erubepuikn) vekpoAuon), n SID elvatl pewwpévn (32mEg/L), To omoio eival amotéAeoua

ouvduacopol TG XanAACS cuykévtpwong tou [Na'] kat Ttng mepiooeiag tou yAwpiou. H SID

oéwon avtiotabuiletal anod 1o aAKaAwWTIKA enidpacn T umtoaABoupvatuiag.

Nivakag 14. NMapadeiypota petofoAikwy datapayxwy tng 0EE0BACIKNAG LOOPPOTILAG OTIOU
avixveubnkav Pe TN GUCLKOXNLKA TIPOCEyyLon o€ acBevelg pe duaololoyikn Ty BE kot
[HCO;.

PaCO,; uepwkn mieon aptnplakol CO,. Pi; avopyavog pwaodopog. Alb; aABoupivn opou.
[HCO;]; SuttavBpakikd. AG; xdopo avioviwy. AG,q; AG SLopBwHEVO yLoL CUYKEVTPWON
oABoupivng. BE; ‘eMelppa/nepiooeia Baonc. SID.; effective strong ion difference. SIG;
strong ion gap. SIG.,; SIG SlopBwuévo ya éNeubn/mepioosla vepol. Cl.,; xAwplo
SlopBwpévo ya éNeldn/mepioosia vepo.

1 2 3 4
Metpnopueg petaBAntég
pH 7.43 7.38 7.42 7.40
PaCO, , mmHg 33 38 38 40
Na‘, mEq/L 134 136 138 140
K*, mEq/L 4.3 4.6 4.8 5
Cl, mEq/L 105 105 103 101
Ca”, mEq/L 2.2 2.2 2.4 2.5
Mg**, mEq/L 1.7 1.8 1.8 2.0
Pi, mmol/L 1.0 1.0 0,8 1.3
Alb, g/L 32 34 32 38
YrtoAoyw{OueveG LETOPANTEG
(mEq/L
[HCO;] 21 22 24 25
AG 12 14 16 20
AG,q; 14 15 18 21
BE -2,6 -2.5 -0.1 -04
SIDest 32 33 34 37
SIG 5 6 9 12
SIG 5 7 10 12
Cleor 110 108 104 101
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Itnv nepinmtwon 2 (ouporoipwén-onyn), n SID onuetwvetal petwpévn (34meg/L), To omolo
elval anotéAeopa cuvduacpol Tng xapnAng cuykévipwong tou [Na'], Tng nepiooelag tou
xAwpiou kat Tng uPnARG TS Tou SIG. H SID of€waon amokpUMTETAL Ao T CUVUTIAPXoUCa
urtoaABoupvartpiky oAkaAwaon. Tooo To AG 600 Kal T0 AG,g OIETUXAV VAL avayvwpioouv

NV 0€€won amo Ta N HETPOUUEVA avIOVTa.

Itnv nepimtwon 3 (Aolpwén Tou KOTWTEPOU AVATIVEUOTIKOU CUCTAMATOG), N SID offwon
elval amotéAeopa t¢ uPnAAg TNG Tou SIG kal eflooppomeital amd TNV OAKOAWTIKN
urtoaABoupvatpio. e auto to mapddelypa, Hovo n xprion tou AG,g avixveuoe tnv uPnAn
OUYKEVTPWON TWV 1N HETPOUHEVWY QVLOVTWV. ITNV Tiepimtwon 4 (mveupovia — XAMM), n Twun
¢ SID aviyvevetal puctoAoyikr. AUTO TIPOKUTITEL OO TAUTOXPOVN Kal avtiBetn enidpaon
ToU eAelppaTOG TOU XAwpiou Kal tng uPnAng TUAG Tou SIG. e QUTO TO TOPASELYUQ,
1600 T0 AG 000 Kot T0 AG,gj avayvwploav Tty ofEwon amod tnv auénpevn TR Twv pn

HUETPOUHEVWYV QVLOVTWV.

Ev katakAeidt, o olykplon pe acBeveic mou ENABav amnd 1o voookoueio (em{wVTEC), ol
aoBeveic mou teAka amneBiwoav Katd tn voonAeio Toug (KN emWVTEC) €iXaV OTATLOTIKA
ONUAVTLKEG SLadOpPEG OTIC APXLKEG METABANTES TNG 0€e0PBACIKAG LooppoTtiacg (XapunAoTepn
Tpn aABoupivng, [HCOs3], BE, AG,gj kot SIGer, Mivakag 15). H avdAuon Aoylotikng
naAwdpopnong avayvwploe povo to SOFA kot TNV TR Tou SIGer WG TPOYVWOTLKOUG
Oeiktec Ovnowotntag. OL TEPLOXEG KATW QMO TIC KAUTMUAEG TOU AELTOUPYLKOU
XOPAKTNPLOTIKOU &€kTn yla TNV TpoPAedn Bvnowudtntag Atav 0.92 kat 0.71 ywa to SOFA

score KoL SIG,,, avtiotowya (Mivakag 16 kat Etkéva 13).
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Nivakag 15. Metpnolpeg kot umoAoywlOopeveg HeTtoPANTEC ofeoPaoikng Looppomiog o€
eM{WVTEC KOl UN-ETUWVTEC OMOU oL HETOPANTEC ekdpdotnKay wE SIAUECES TIHEC [25—75°
Slatetaptnuoplo eUpog (interquartile range, IQR)].
PaCO,; pepikn mticon aptnptakol CO,. Pi; avopyavoc pwaodopoc. Alb; aABoupivn opol.

[HCOs]; 6buttavOpakikd. AG; xdopa ovioviwv. AG.y; AG SopBwpévo yla CUYKEVTPWON
oABoupivng. BE; éNelppa/mepioosta Baong. SID; effective strong ion difference. SIG; strong
ion gap. SIG.; SIG 8lopBwpévo yia eEAAewpn/nepioosta vepol. Cl ey XAwpLo SlopBwpévo ya

EMewpn/nepioosta vepol

Metpnopueg petaBAnTég

pH 7.34 [7.28-7.44] 7.41[7.35-7.44] 0.009
PaCO, , mmHg 38 [33-43] 39 [34-47] 0.328
Na*, mEq/L 138 [131-142] 139 [136-141] 0.306
K*, mEq/L 4.3 [3.7-4.5] 4.2 [3.9-4.6] 0.871
Cl, mEq/L 101 [97-108] 102 [99-106] 0.891
ca™, mEq/L 2.3[2.1-2.3] 2.4 [2.3-2.4] <0.001
Mg2+, mEq/L 1.7 [1.5-1.8] 1.7 [1.5-1.8] 0.816
Pi, mmol/L 1.3 [1.0-1.7] 1.1[1.0-1.3] 0.005
Alb, g/L 31 [28-35] 36 [31-40] <0.001
YnoAoywOpeveg LeTaPAnTEg

(mEq/L

[HCO:] 21 [18-24] 24 [22-27] 0.001
AG 17 [14-21] 16 [14-18] 0.023
AG,q 19 [17-22] 17 [14-19] 0.001
BE -3.4[-6.4-0.4] -0.1[-2.8-2.9] <0.001
SIDest 32 [29-36] 36 [33-40] <0.001
SIG 10 [8-13] 7 [5-10] 0.001
SIG ., 10 [8-14] 8 [5-10] <0.001
Cleor 106 [101-108] 104 [100-107] 0.266
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Mivakag 16. Aoylotikf ToAwvdpounon kat emddAveld KATw ono KAUMUANR AELTOUPYLKOU
XapaKktnplotikou S€ktn (ROC) yia tnv mpoBAedn tng Bvntdtntag otoug aobeveic tng peAETNG.
SOFA; Sepsis-related Organ Failure Assessment. SIG.,; Strong lon Gap &lopBwuévo yla
EMewpn/nepioosia vepou. ROC; receiver operator characteristic (kopmUAec tou AeltoupykoU
yapaktnplotikoU 8éktn). Cl; confidence interval (Stdotnua epmiotoolivng).

SOFA 1.95 <0.001 0.920
(1.44-2.65) (0.87-0.96)
SIG ., 1.98 0.040 0.705
(1.03-3.78) (0.59-0.83)
ROC Curve
1,00
Source
of the
Curve
— SlGcor
0,5 —— SOFA
-‘E' 0,6
E 0,4
0,2
o, T T T T
o0 0.2 0.4 08 (] 1.0

1 - Specificity

Diagonal segments are produced by ties.

Ewova 13. Emudavela kATw armno Tig KAUTTUAEG AELTOUPYLIKOU XapaKkTnpLlotikoU §€ktn (ROC) yia
SOFA ko SIG,.

SOFA; Sepsis-related Organ Failure Assessment. SIG.,; Strong lon Gap &lopBwuévo yla
éNewbn/nepioosla vepol. ROC; receiver operator characteristic (KOUUTTUAEG TOU AELTOUPYLKOU
XQPOKTNPLOTLKOU SEKTN).
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ZulAtnon

e aut) Tt MEAETN, peAetnOnkav aobeveic mou mpooEpyxovral oto Tunua Emelyoviwv
MePLOTATIKWY KOL OTOUG omoilou¢ eAndOn aptnplokd aipa mpog e¢€taon, Omwe kpibnke
anapaitnto anod tov latpod mou toug untodéxtnke oto TEM. Ta kUpLO EupAUATA TNG LEAETNG
ouvoypilovtal otn ouvéxela. [Mpwtov, oL 0eoPaoIKEG OlaTapOXEG, TOAAEG HOPEG
TOAAATAEG Kal oUVBETEC, mapatnpnOnkav ota dVo Tpita mepinou Twv acBevwy. AsUTtepoy,
N umooABoupvalpia Kot oL NAEKTPOAUTLKEG SLOTAPOXEC NTAV OCUXVA  EUpnUATA,
TLEPLUMAEKOVTOC TNV gpUNVela NG ofsoPaclknG Looppomiag pe Baon TIC MopadooLaKES
Tipooeyyioelg. Tpitov, MapOAo TOU €va ONUAVIIKO TOCOOTO TwWV acBevwv TG UEAETNG
napouvoiale ¢ucololoyikr) ofeoBactkny LOOPPOTIA, OMWE TPOEKUTTE AMO CUVOUAOUOUG
BE/[HCO3]/PaCO;, n duacikoxnuikr mpoceyylon amokaAuPe HeTOBOAKES SlaTapaxEC oTny
mieoPnoia twv aocBevwv. OL Sotopaxec autég odellovial O TAPAYOVIEG TIOU
npokaAoUv 160 o§éwaon 600 kot aAkdAwon. Z€ auTtolg Toug acBevelg, n xprion Tou AG,g;
QMETUXE va. avayvwpioel 0Aoug toug aoBeveilg pe petaBolikn oféwaon odelopeVn oTnV
uPNAR TR TWV PN LETPOUHEVWVY OVIOVTWY. TETAPTOV, OL APXLKEC TIUEC TWV METAPBOALKWY
HeTaBAnTwWY TG ofeofacikng Looppormiag Twv aocBevwy, oL omoiol emeélnoav kot e€RABav
OO TO VOOOKOUELD SLEPEPOAV ONUAVTIKA O OUYKPLON UE TLG QVTIOTOLXEG TIUEC QLUTWV TIOU
aneBiwoayv, evw to SOFA score katL n Tun SIG, avadeixbnkav wg oL povol onuavtikol

TPOYVWOoTIKol delkteg BvnolpotnTac.

Aebopévou OTL oL TIHEG avadopag TwV HETABANTWY TNG 0E0PBACLKAG LOOPPOTILAC UTTOPEL VO
Sladpépouv amd epyacTtnplOo O £pyaotnplo, Bewproape OKOMIUO VO OPLOOUUE TIC
dUCLOAOYIKEG TIHECG TwV PETAPBANTWY HEow Selypdtwy, ta omoia eAndOnoav amod uyleig
€0eNOVTEC. € OUYKPLON HE TIPONYOUUEVEG UEAETEG, O AUTH TN MEAETN oupmepAndOnKe
€VaC OXETIKA HEYAAOC aplBuoc uvywwv eBshoviwv (18 uyleic €Belovtég), e otoxo va
ehaylotornonBouv ta Adbn otnv nmpoomndbela kKaBopLopou Tou eUPOUG TWV GUCLOAOYIKWV
THwV. Quololoykeg TIHEG Bewpnbnkav ot THEG petafd Twv 0.13 kol 99.87
EKATOOTNHUOPIWY TWV TWHwWV amd ta Selypata twv uylwv €0gAoOVIWV Kal KOT EMEKTAON

TIAOOAOYLKEG OLUTEG TIOU NTOV EKTOC TOU €UPOUC aUTOU. Xpnolpomolndnkav ta opla auta
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Tipokelpévou va e€aleldpBel onoladnimote pepoAndia. Movn efaipeon anotéAeoe to Oplo
yla to dwodopo, 6mou xpnotponoltnke avbaipeta wg 6plo n TR Twv 2mmol/L, onwg
€XeL AA\woTe TponyouUéEvwE potaBel amod tov V. Fencl kat toug ouv. [58]. H mapamndavw
e€aipeon €ylve, onwg e€nynbnke cadwg amno tnv napanavw opada epyaciag [58], emeldn
N OouyKEvVTpwon Tou ¢waodopou otov opo eival MOAU XaUNAR Kal TIHEC KATW amd To OpLo
QUTO SUOKOAM UTIOPOUV VA EMNPEACOUV TNV TN PH. Xpnowlomolwvtag To 0plo auTo,
Alyotepol acBeveic avayvwplotnkav pe unepdwaodatatpkny ofEwon (16 o ouykplon pe 32

o0Beveig).

OL acBeveig ™G HeAETNG emAéxTnKav Ue Baon Tnv anodaon tou latpol, o omolog Toug
umodéxtnke oto TEM va AdBel aptnplakd aipa omd autoug, He Bdon Ta TOMKA
TPWTOKOAAQL KOl TNV KOAUTEPN oUYXPOVN LOTPLKA TIPOKTLKA TPV amd omoladnmote
OTOXeUOUEVN Bepameutikn mapéuPfaocn. Ol latpol autol Sev CUPUETELXAV OTN UEAETN Kol
KaT eMEKTAON N anodacn Toug yla cUAAoyr aptnplakou aipatog otnplldtav cadws ot
LOTPLKA TIPWTOKOAA. Me Bdon Ta mapamavw, POKUTITEL TO YEYOVOC OTL oL a.oBeveig NG
HEAETNG NTav oXeTka LPNANRG BaputnTag Kot OTL N 0fE0PAOIKN KATAOTAON TWV a.oBevwy
QUTWV 8eV Elval QVTUTPOOWTIEUTIKN Yla OAOUC TOUC aoBevelg mou emiokEntovtol to TEN
n/kat elodyovtal oto Noookopeio. AuTO Tepaltépw umootnpilletal and tnv eNMTWon TG
urntoaABoupvatpiag (60%) otov MANBUCUO TG UEAETNG TTOCOOTO TOAU uPnAotepo amod
OUTO TIOU ONUELWVETOL OO HEAETEG OTIC OMoieC ouumepAnPOnkav avefalpEtwg 6oL oL
aoBeveig mou elonxBnoav oféwg oe Noookoueio (mooooto mepinmou 20%) [103]. Qotooo,
puetaBallovtag to Oplo TnG umoaABouptvalpiag o katw amd 35 g/l Sev AdAAae
TOUAGXLOTOV TOLOTIKA Ta amoteAéopata: aAwote n mAsloPndia twv acbevwv (195/365,

53.4%) napouaiale T aABoupivng katw arnd 35 g/L.

H KAWLIKA XpNooTnTa TNG GUOCLKOXNULIKNAG TIPOCEYYLONG OTNV €pUNVeila tnG ofeoBacLKAG
Kataotoong €xel HeAeTNOel os apkeTteég peléteg [58, 79, 95, 96, 104], onw¢ avaAuTika
mapoucoLldotnkav oto Mevikd Mépog, oxebov amokAeloTikd oto meplBaAilov tng Movadag
Evtatikng Oepaneiag. OL HEALTEC auTEC aveédel€av OTL n uPnAn ouxvotnta NG
umoaABoupwvailpiag otoug aocbeveig, ol omoiol voonAelovtoal oe MEO emnpéale tnv

epunvela tng HetafoAlknG ofeoBaoIkAG KaTAoTaong Ue TNV epapuoyn Twv HeBOdwY Twv
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BE kat/rj [HCO3]. Av kat n 816pBwaon tou AG yla tnv xapunAn TR tg aABoupivng avéavel
NV SLayVWOTIKA LKAVOTNTA TwV TAPAd0ooLaKWY TPOCEYYIoEWY, N Xpron €vog otabepou
napayovta ylo tn d1opbwon lowg va punv anoteAel pla emotnuovikn Avon. EmumpocBeto
TIEPLOPLOUO AmOTEAEL TO yeyovog OTL oL mapadootakég pEBodol Sev AapBdavouv undyn tnv
enidpaon Twv NAEKTPOAUTIKWVY Slatapoywyv, oL omoieg amodedelypuéva elvol CUXVEG OE

aoBeveig BapEéwg MACKOVTEG.

Itnv napovoa PeAETN, avadelkvueTal OTL 0Tou¢ acBeveic mou mapouaotalovrtat oto TEM kat
mpw TNV edapuoyr OmoladNnTOTE OTOXEUOUEVNG Bepameutikng mapéupaong, n
dUGLKOXNULKI TIPOCEYYLON AVOYVWPLOE OTOTLOTIKA ONUOVTLKA TIEPLOCOTEPOUC AODEVEIG PE
HETAPBOAKEG Slatapaxeg oe ovykplon He TG peB6doug twv BE kat [HCO3], avrtiotowya.
Autn n dtadopa odeiletal kuplwg otnv LPNAR EMIMTWONG TNG UTTOAABOUULVALULAG KaL TWV
NAEKTPOAUTIKWY SlatapayxwVv oTtou¢ acBeveic autous. EviladEpov mapouolalel To yeyovog
OTL akopa kat peta tn S0pbwon tou AG ywa v unooABoupwvatpia (AG,g), oL
TapadOOLOKEC TPOOoEYYIoELS aviyvevoav Alyotepou¢ aoBeveic pe petafoAikny oféwon
odeNOUEVN OE N UETPOULEVA OVLOVTO OE OXECN HUE TNV GUGCLKOXNULIKA TIPOCEYYLON KO TN
xpnon tou SIGe,. Auto emunpdobeta unootnpiletal anod tnv avaAluon Bland and Altman
yla tn oxeon AG,gj Kat SIGqor, 0TNV OTIOla ONpELWVOVTAL EUPED OpLL CUUPWVING HETAEY TwV
600 petaBAntwv (Elkova 12). ZUUMEPACUATLKA, HE TA TIAPATIAVW EUPHMATO avaSELKVUETAL
TO YEYOVOG OTL 0TOUG 0loBeVELG TTou mpooEpyovtal oto TEM dev pumopel va avtikataotabei n

Xprion tou SIGe,r amd Tn xprion tou AG,g;.

H pelétn pag avédel€e otL to 35% pe 59% Twv acBevwv mou peAetnBnkav, mapouoioalav
duololoyikn «UEeTABOAKN eKOVA» 0EEOBAOLKAG LOOPPOTIAG, OMWCE TIPOEKUTITE HE TNV
xpnon twv BE kai/fj [HCOs], kot 30% pe 21%, otav cupnepAndOnkav kat acBeveic pe
¢duolohoyko PaCO,. Ztnv mAcodndia avtwv twv acBevwv (x80%), n duoilkoxnukn
T(POOEYYLON OVIXVEUOE TOUAAGXLOTOV pia peTaBoAlkr Statapayr, EVw OE €VOl ONUAVILKO
TOOOOTO aobsvwv TEPLOCOTEPEC amo Hia Statapayx avayvwpiotnkav. Evdiadépov
TIOPOUCLALEL TO YEYOVOG OTL N Xprion Tou AG,gj, av Kal BeAtiwoe tnv dtayvwoTikn akpifeta
Twv ueBOdwv twv BE/[HCO3], amétuxe va avayvwpiost Oloug Ttoug aoBeveic pe

peTaBoAkn o&Ewon Aoyw tnG VWNANG TLUAG TWV KN LETPOULEVWV OVLOVIWV.
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Jtou¢ aoBevelc tNG HEAETNG oL PETAPOALKEG Slatapaxeg tnG ofeoPaOLKAG LOOPPOTILAC
odel\opeveG oe dlatapayEg vatpiou kat xYAwpiou Ntav eniong ocuxvég, Le mooootd 45% Kat
54%, avtiotolxa: pe tnv of€won €€ apaiwong (39%) kal TNV UTOXAWPALULK aAKAAwaon
(34%) va emkpatolv. MoAoVOTL, TO OPLA TTOU XPNOLLOTIOLOUVTAL YL TLG PUOCLOAOYLKEG TLLEG
vatpiou kal YAwpiouv ennpedalouv TNV cuxvotnTa Twv dlatapaxwVv oPeNOUEVWY OE QUTEG,
€XEL QVAYVWPLOTEL OTL N eMMTWON NG 0fEwon €€ APALWOEWS KAl TNG UTTOXAWPALULKAG
oAk@Awong otou¢ aocbeveic mou mpooépyovtal oto TEM eival oxetka vPnAn, Adyw

nAiog, papudkwyv kat cuvvoonpotntag [105-108].

210 meplBailov tng MEO, n umepxAwpalpikn oféwaon €lval 0 Kavovag: mapatnpeitol o
TIOOO0OTO HEXPL Kot 60% Tou cuvOAou Twv acBevwv oe MEO [109] kal o€ TOOOOTO HEXPL KL
80% twv aoBevwv pe petafolikni oééwon [60]. Ta moocootd autd eival moAU vPnAotepa
amo Ta avrtiotoa TG SWKAC Hag UEAETNG, Omou to 20% twv aoBevwv mapouciooce
unepxAwpatluikn oféwon. Moteboupe OtL N dtadwvia autr EYKELTAL OTO YEYOVOG OTL OTO
neptBailov tng MEO n unepxAwpatpikr HeETaBoAKn ofEwan elval KUplwG LATPOYEVNC Kal
TiPOKOAE(TAL amd TNV Xopnynon TMePLOOELOG XAWPLOU O OXEOn HME VATPLO, EVW OTOUG
ooBevelc ™C peAETng pac n  aflohoynon NG ofeoPfacikng woppormiag oto TEM
TPAYUATOTORONKE TPV TNV XOPHynon ONUOVTIKAG TOoOTNTAC UYypwv oTa TAaiola
avalwoyovnong. Xtn HeEAETN pag, n unepxAwpoatlpiky UetafoAkn ofEwon eival ubava
OTMOTEAEOUO GAAWV QLTLWV EKTOC ATO TNV XOPNynon MEYAAwWV TOCOTNTWV UYPWV, OTWC
elval n dudappola, n vedpiky cwAnvaplakn ofEwaon, n VEDPLKN AVETTAPKELA, OL AOLUWEELS N
N avamveuotiky aAkalwon [61, 110, 111]. EvSiwadEépov mapouaotalel n UeAETN amd Tov
Kellum kat toug ouv. [61], otnv omoia avadeixBnke 6tL o evbotofalplkoug oKUAOUG Eva
HEYAAO TTOCOOTO TOoU HOPTIOU TOU YAWPLOU TIPOEPXETAL A0 €EWAYYELAKEG TINYEC KOl OXL

QTTOKAELOTIKA OTTO TN XOPNyNnon uypwv f VEbPLKAG AVETIAPKELAC.

MaAlota, n onuoocia TG UTEPXAWPALULKNC 0EEWONG KAl N CUOXETLON TNC UE TN éKBacn Twv
acBevwyv mapoapével audiBoAn He aviikpouopeva amoteAéopata amd peAéteg. O
Gunnerson Kal oL ouv. [92] mpodtewvav OtL acBeveic pe umepxAwpalpik oféwon
napouatalouv avaloyn €kBaon pe aoBeveig xwpic ofEwaon, evw o€ pia mpoodatn pPeAETn

Tou Boniatti [112] untootnpixtnke otL n unepxAwpatutky oféwon owg va amoteAel mBavo
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TIPOYVWOTIKO beiktn Bvnowuotntag. Qotoéco, n mapouoa UEAETN AMETUXE va avadeifel

KATIOLOL CUOYETLON METALY TNG UTIEPXAWPALULKAG 0EEWONG Kal TG BvnoluotnTac.

H duactoloyikn tiur tou SIG eniong anoteAel B€pa, To omoio €XEL AMAOYXOANCEL TNV LATPLKA
KOLVOTNTA, LE TNV MOPOUGCLO AVTIKPOUOUEVWY ATIOTEAECUATWY. ZXETIKA UE TNV GUCLOAOYLKNA
TN tou SIG, éva peyalo evpoc Tiuwv (0-13mEqg/L) €xel avadepBei otn BLBAloypadia [58,
60, 70, 71]. H duclohoyikr) T Tou SIG otnv HEAETN HAG, OMWG KAl OE TIPONYOUMEVES
HEAETEG, MPpOEKUPE Ao TNV avaAuon SelyUATwWY oo UYLELG eBeAOVTEG XWwPLE TNV tapouaia
HETABOALKWY Slatapaxwv Kal oplotnke wg maboAoyikn n TN mavw amnd 6. Avaloya
anoteAéopata npoékuPav amno tn PeAETN Twv Mallat kat toug ouv. [98], evw o Fencl kat
ouv. [58] kat o Dubin kat cuv. [94] avébelav SladopeTikd Opla TILWV (8+2 kot 2+2,
avtiotolya). Onwg Kol OTLG TEPLOCOTEPECG METABANTEG, LECA ATIO TA AVILKPOUOUEVO QUTA
OTIOTEAECLOTO, ONUELWVETAL N AVAYKN Yot ovASel€n Twv GUCLOAOYLKWY TLUWV Kol oplwv

anod avaAUOELG OE TOTIKO EPYOOTHPLO.

ApPKETEC HEAETEC, oL omoleg dlaitepa aoxoAnBNKoV HE OUYKEKPLUEVEC OHASEG Bapéwg
TIAOXOVTWV aoBevwy, £6el€av pUla onNUOVTLK) CUOXETION METAEU aufnuévng Tung SIG kat
Bvnowotntag, Wlaitepa otav ta OSeiypata aipatog eAndbnoav mpwv tn Sadikaocia
avalwoyovnong [80, 81, 86] i vwpig katd tnv mopeia tng voocou [82, 87]. O Kaplan kat o
Kellum avédelav otL 1o SIG mpo avalwoydvnong ATOV TPOYVWOTIKO Bvnoludtntag oe
aoBeveic pe peilova ayyelokn BAAaBn [80, 86], omwe kot o aobeveig pe peilov Tpavpa
[86]. EkTlHwvTaC TNV IpoyVwoTIkA agia tou SIG vwplig katd tn mopeia tng véoou, o Duward
Kal ouv. [82] mapatrpnoav OtL To ouxva auénuévo SIG PETA TO KapSLOTMVEUOVLKO bypass
elval mpoyvwoTtiko Bvnootntag os maldlatpLkoug aobeveis. Ze pia avadpoptki HeAETN, O
Dunk kat ot ouv. [87], avédel&av OtL N auvénpévn Tun tou SIG 12 wpeg LETA TNV AVAKTNON
outopatng kukhodoplag, oxetiletal pe Sduopevy mpoyvwon o€ acBevel¢ pe kapdlokn
ovakomr mou edapuootnke Oepameutiky umoBepuia. Ao TNV AAAN, HEAETEC O W
eTAeyUEVOUG aoBevel¢ otn MEO [72, 78] amétuxav va avayvwpioouv pia cuoxEtion

HetalL SIG kal €kBaong.

Itn MeAETn pag, n avénuévn TR SIGe,, OmMwc auth ektundnke oto TEM, Atav €vog

000eVAG MPOYVWOTIKOG SeikTNG BVNoLUOTNTAGC OTO VOOOKOUELD: 0odWE KATWTEPOG ATO TO
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SOFA score. NapoAa autd, n cuoxetion LETAlU SIG.,, Kol EkBaonc, Omwc avadeixdBnke otn
HEAETN paG, Ba MpéEmeL va epunveuBel pe mpoooxn, dedopévou OTL UTIAPYOUV TTOPAYOVTEG,
ol omolot mpenel va AndBouv unoyn. Npwtov, ol acbeveig tng peAéTng NTav acbevelg pe
OXETIKA uPnAn coBapotnta vooou, Omwe nmpoavadEpOnKe, OMote ta amoteAéopata dev
elval avTmpoowWMEUTIKA yla OAouG Toug acBeveic mou emokéntovtal to TEM 1} elcdyovral
OTO VOOOKOWUElD. AgUTEPOV, HUN LOTPLKOL TAPAYOVIEG EVEXOVTAL, OL omolol pmopel va
ennpealouv TtV ékPacn twv acbevwv. MNa mapAadelypua, OTO VOOOKOMEIO M UTTAPXEL
onuavtiky €NAewdn Sabéolpwv kKAlvwv otn MEO kal autd pmopel va odnynoeL oe
kaBuotepnuévn voonAeia kamowwv acBevwv otn MEO katd tn SLdpKela TNG vVOOOU TOUG,

ennpealovrag tnv ékBaon aveéaptnta anod tnv apxLkn ofeoBacikni TOUC KATAOTAON.

Ao 600 yvwpiloupe, autn elval n mpwtn HeAETN n omola €6el€e OTL oToug aoBeveig, ol
omoiol mpooépyxovtal oto TEM kot mpwv amd omoiwadnmote Bepameutiky mapéuPfaocn, n
napoucia kKpudwv petaBoAikwyv datapaxwv dev eival acuvnBeg yeyovog. OL Latpol, ot
omoiol epmAékovtal pe acBeveic oto TEM, Ba mpénel va ival evatoOntomolnpévol yla tnv
enidpaon NG xapnAng aABoupivng, g XaunAng tTung tou [ClI'] kat tTng uPnAng TUAG ToU
[Na’] otnv ofeoPoaoiki woppomia, adol n MopPousio TOUG UMOPEL Vo OOKPUTTEL pia
onUavtiki kat ev duvauel emikivéuvn petafolAkn oé€won, kabuotepwvtag tn Sldyvwon

KaBwg Ko Toug KataAAAnAoug BepameuTIKOUG XELPLOUOUG.

Ek katakAe(SL, n mapovoa HEAETN €XEL KATIOLOUG TIEPLOPLOUOUG. MpwToVv, TO YAAAKTIKO Sev
HETPNONKe Kal bev cupmnepAndOnKe oToug UTTOAOYLOUOUG. MapoAa auTd, TO YAAAKTLKO SV
ouunepAndOnke otn péEtpnon ouTe Tou AG ouTe Kal Tou SIG, omoTe n cUYKPLON TWV TIUWV
autwv Atav eowkt. Asltepov, Sev mpaypotomoBnkav OLodOXIKEG EKTLUACELS TNG
0&eoBOOIKNC LOOPPOTIAC OTOUG OOBEVEIG TNG UEAETNCG KOL KOT EMEKTOAON EMUMPOCOETEC
mAnpodopie¢ oxetikd pe MaBodUCLOAOYIKOUG HNXOVIOUOUG KOl TIPOYVWOTLKOUG OEIKTEC
£€kBaong amouaolalouv. Tpitov, otou¢ acBeveic TG peAétng Sev uMApPYoUV KataypadEC
OXETIKA WE TIC MapEUBATELS TPV TNV eKTiHnon oto TEM (6mwg n xopriynon uvypwv). Auto
duvntika Ba pmopoloe va eMNPEACEL TNV apXLlki ofeoBaoikn Looppomia, KaBwC Kat Ta

CUUTEPAOHATA TNG LEAETNG,
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Zupnepacpata

Aut n PeAETN avadelkvUEL OTL O0TOUG 00BEVEIC TTOU TTPOCEPXOVTAL KOL EKTLLOUVTAL OTO
TEN, n duokoxnuikn mPoogyylon avayvwpilel meploocotepoug aoBeveic pe PeTOBOALKEG
SlatapayEG oe oUYKpLoN HE TIG mopadootakeg LeBodouc. Emumpoobeta, mpémeL va TovIoTEL
OTL N TIPOCEYYLON OQUTH OVAYVWPLOE UETOPOAIKEG SLATAPAXEG OE £vVA ONUOVTLKO TTOCOOTO
ao0Bevwy, Twv omoiwv n petafoAikni ofeofactki katdotaon BewpnOnke w¢ pucloAoyLKN
HE TN Xpnon twv pebBodwv BE kat/n [HCO3-]. Ev katakAeid, oto mMANBUOUO QUTAG TNG
HEAETNG, TA AUENUEVA N UETPOUMEVA OVLOVTA, OTWG aVAyvWPLoTNKaV oo TNV TN Tou

SIGcor, aMOTEAECE EVOV 0.0OEVH TPOYVWOTIKO S€IKTN EVOOVOCOKOUELAKN G BvnoLUoTNTAC.
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NEPINHWH

Elcaywyn

H afloAdynon tng ofeoBaoikig ooppomiag tou MAAopatog eival adtaudlopitnta éva
ONUAVTIKO EpYaAELO OTNV TPOGEYYLON TouG 0.oBevoug, dedopévou OTL TTAPEXEL ONUOVTLKES
mAnpodoplieg 1600 yla t coPfapotnta 600 Kat yla TV moboduacloloyia Tou UTIOKEILEVOU
voonuatog. Ot emikpatoloeg pEBOSOL  oTnV eKTiUNONn TNG 0fE0BAOIKAG LooppOTiag
Bacilovtal eite otnv ouykévipwon twv dittavOpakikwy oto mAdopa ([HCOs]) kat oto

xaopa avioviwy (AG), eite otnv neploosta/ENepupa Baong (BE).

H duoikoxnuLkn mpoogyylon amoteAel pia evOAAQKTIKI LEBOSO eKTiUNONG TNG 0EE0PBACIKNG
Loopporiag. H onuavtiky Stadopd tng o€ cUYKPLON UE TIG AANEG HeBOSOUG EyKeLTal oTnv
ELOayWYN TWV O0pwV Twv avefdptnTwyv Kal e€apTnUEVWY. ZUUPWVO PE TO HOVIEAO TOU
Stewart, n ofeofaoikr) Loopporia o€ KAOE CWUATIKO LYPO, KAl KAT EMEKTACN OTO MAACUA,
kaBopiletal amno tig avefaptnteg LeTaBANTEG. AveldptnTteg HeTAPANTEG elval ol LETAPBANTEG
TIOU HETABAANOVTOL TPWTOPXLIKA KOl OVEEAPTNTA N Hia ard TNV GAAn. Ito MAAoua in vivo,
oL ave€aptnteg LeTAPANTEC elval n pepikn Ttieon tou CO, (PaCO,), n Stadopd Twv LoXUPWV
lovtwy (strong ion difference, SID), n omola sivat n dtapopd TOU CUVOAOU TWV LOXUPWV
(M\Apwe Staomaopévn popdn) katdvtwy ([Na'l, [K'], [Ca*], [Mg*]) kat Twv oxupwy
avioviwy ([CI'] kat aAAa Loxupd aviovTa cUUTEPAAUBOVOUEVOU KOl TOU YOAOKTIKOU 0E€0G)
KOL TN OUVOALK OUYKEVTpwONn (Sloomaopévwy Kot pn SlaoTmaopévwy Hopdwv) Twv
a0Bevwy pn mINTKwV 0wV (A, aABoupvivn kat avopyavog dwodopog). O e€aptnUEVES
HeTAPBANTEG, OMwWG To PH Kal N cuykévipwon twv StttavOpakikwy [HCO3], Sev umopouv va
HeTABANBOUV MpwTaAPXLKA N aveEdpTnta: HeTaBAAAOVTAL TAUTOXPOVA LOVO AV Hia amod TLG

ave€aptnteg petaPAnTEG Tpomonotnboulv.

Mia oelpd amd peAEteg €xouv mpaypatomownBel pe otoxo va SiepeuvnBel n KAWLKA
XPNOLOTNTA TNC UOLKOXNHULIKNG TIPOCEYYLONG KOL N SLOYVWOTIK TNG LKAVOTNTAC OF
oUYKpLON HE TIG TapadoolakéG neBodoug kal adopouoav Kuplwe BopEws TMAOCYXOVTEG

aoBeveig kal aoBeveic voonAevouevoug oe Movada Evtatikig Ospamneiag, O okomog tng
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Sbaktoplkng autig OwatplPig elvat n  ektipnon NG 0feofaolknC LoOppPOTILAC
XPNOLLOTIOLWVTOG TOOO TN GUOLKOXNULIKY TIPOCEYYLON 000 Kal T TOPASOCLAKES
SlayvwoTIKEG Tpooeyyioelg oe aocBeveic mou mpooépyxovral oto TEM mpwv edappootel

omoladnmoTe OTOXEUOUEVN BepameuTikn mapEuBaon.

M£Bodog

MpOKeLTAL yla pia TIPOOTTIKY UEAETN MOpATAPNONG, N omola mpayuatonolénke amno tov
Maptio €wg tov ZemtéuPplo tou 2011 oto Mavemotnuiakd Nocokopeio HpoakAeiou

KpAtng.

AoBeveic cupnepAndOnkav otn HEAETN, LOVO €AV KATA TNV PocEAeUOn Toug oto TEM, o
LATPOC TIOU TOUG UTIOSEXTNKE (LaTpOC Tou &ev CUUUETEIXE oTn MEAETN) amoddoloe va
OUAAEEEL apTNPLOKO aipa amd autoug, e BAON TA TOTKA MPWTOKOAAQ KOl TNV KOAUTEPN

oUyXPOVN LATPLKN TIPOKTLK).

Aglypata and aptnplakod kot GAEBLKO aipa cuveAéynoav Tautoxpova Kot avaludnkav yla
aépla aipatog kot Bloxnuiko €leyxo, avtiotoya. TywéG avadopdg yla TG LETPOUUEVES Kall
uTtoAoyL{OpeveCg HETABANTEC TpoEkuay o TNV AVAAUCH TWV apTNPLOKWY Kol GAEBKWY

Selypatwy ano 18 vyleig eBeAovTEg.

AnoteAéopata

Tplakoolol e€nvra mévie aobevei¢ oupmepAndOnkav otn HeAETn. EKATO Tpelg aoBeveig
glonxbnoav otn MEO kat 262 datopa voonAelutnkoav oe KAWLKEG (Mveupovoloyikn,

MaBoAoyikn KAwvikn).

Ye oUyKpLlon HE Ta ducoLoloyika dtopa, ol acBeveic mapouvosialav OTATIOTIKA GNUOVTIKA
xapnAdtepec téc aBoupivne, [CI7] kat [Ca?'], kot uPnAoTEPEC TEC SIDesr, SIG, SIGeor KO
AG,q. Aatapaxeg otnv T tng PaCO, mapatnpnBnkav oe 229 aocbeveiq (62.7%) kat
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OUVYKEKPLUEVOL OVOTIVEUOTLK 0féwon mapatnpndnke oe 105 (28.8%) Kal AVATIVEUOTIKN
oAkdAwon o 124 (33.9%) aoBeveig. e ouykplon Ue Tig peBodoug otnplopeveg oe BE kat
[HCOs'], n duoKoXNUIKN TIPOCEYYLON QVAYVWPLOE OTATIOTIKA ONUAVIKA TIEPLOCOTEPOUG
aoBeveig pe petafolikég diatapayxég (chi-square test, p<0.0001). Nepattépw avaiuon
avédelée OtL N SIGr 0f€won Atav n To ouxvn petafoAwkn Sdiwatapaxn (63.0%), svw
akoAouBoloe og ouxvotnta n aAkAAwon odpelopevn otnv umoaABoupvatpia (60.3%).
ZTATLOTIKA ONUOVTIKA AlyOTEPOL AoBeVE(C pHe 0EEWaN 0DENOUEVN OTN CUYKEVTPWAON TWV KN
HETPOUHEVWV OVLIOVTWVY avayvwpiotnkav pe tn xprion tou AG,q o€ oUYKPLON HE TN Xprion
ToU SIGer (164 vs 230, p=0.0001, chi-square test). Av kal UTIPXE HLO EEQUPETIKA KAAN
YPOUULKT) CUCXETION METAEY TwV SIGcor Kal AG,g; (r’=0.909, p < 0.001), n avdluon Katd
Bland and Altman avébele onuavtikég amokAioelg petafld Twv Suo peTaBAnTwv.
OfeoPaoIKEC SLATAPAXEC, OL OTOLEC TIPOEKUTITAV OO TNV MABOAOYIKI) CUYKEVTPWGON TOU
[Na™] kat [CI'] Atav entiong ouxvég kal mapatnprdnkav oto 45% kat 54% Twv acBevwy,

avtiotolya.

Mwa oelpd  petofoAikwv  Slatapaxwv MHe Bacn TNV HUOKOXNMULKA TIPOCEYYLON
oavayvwplotnkav otoug aobeveig, oL onolol mapouatalovrayv pe GuoLOAOYIKN o0feoBaalkn
LOOPPOTIiA, OMWE OUTH TIPOEKUTTE amd TtV ¢ucloAoykn T Twv BE kai/p [HCO3.
E€alpwvtag toug aoBeveig pe av§npevn tun AG,g, 83 aoBeveig mapouoialav ucloloyiki
TR BE, 116 ¢duowoloyikn tun [HCOs] kat 81 ducwoloywkn Ty BE kat [HCOs]. Amo
autolg toug aocBeveig, n mAeoPndia (evpog 82%-80%) euddavile TOUAAXLOTOV i
HeTaPoAKn dlatapayr, OMwWG MPOEKUTITE AT TN GUOLKOXNULKI) TIPOCEYYLON, EVW TO €va
Tpito mepinou (eVpog 37%-35%) napouaciale tabBoAoyikn T SIGe,. ATO TOoUuG acBeveig pe
duololoyikn Tt PaCO, (n=136), 75 aoBeveig (55.1%) mapouacialav ¢puactoloyikn Tiun BE
kat 108 (79.4%) ¢ducioloyiky T [HCO3]. Ze autoug toug aoBeveig, n ¢uolkoxnuikn
TPpooéyylon anokdaAue TouAdylotov pia umokeipevn, "kpudn~ petafoAikn dtatapoaxn os
65 (86.7%) kot 95 (88.0%) aoBeveig, avtiotolxa. E€alpwvtag toug aoBevelc pe auvénuévn
A AG,qj;, 44 aoBeveig mapouaoialav puolohoykeg Tipeg BE kat PaCO,, kat 67 puctoloyikn
TR [HCO;s ]kat PaCO,. Amo toug acBeveic autoug, ot 34 (77.3%) kal ot 54 (80.6%),

avtiotolya, mapoucialov TouAdyxlotov pia  petafoAkny Siatapoxy HE Bdon TN
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duokoxnukn mpooéyylon, evw 12 (27.3%) kat 21 (31.3%) oaoBeveic mapoucialav
TLABOAOYIKEG TUUEG SIG o .

Ev katakAeidl, oe ouykplon pe acBeveic mou e€NABav amod to voookoueio (em{wvTeg), oL
aoBeveig mou teAkd aneBiwoav katd tn voonAeia toug (Un em{WVTEC) EiXav OTATIOTIKA
ONUAVTLKEG SLadopEG OTIC apXLKEG HETABANTEG TNG ofeoPBacIKAG Looppomiag (xapunAotepn
TR aABoupivng, [HCOs], BE, AG,qg Kat SIGeor,). H avaAuon Aoylotikng maAvdpopnong
ovVayvwpLoE Povo To SOFA Kot TNV T Tou SIG,r WG TPOoYyVWOoTIKoUG Selkteg BvnouotnTag.
OL TEPLOXEG KATW QTO T KAUTMUAEG TOU AELTOUPYLKOU XOPOKTNELOTIKOU SEKTN ylo TV

npoBAedn Bvnowotntag ntav 0.92 kat 0.71 yia to SOFA score kat SIG.,,, avtiotolya.

Tupnepaocpata

Ta kUpla supnuata tng peAétng ouvoyilovtal otn ouvéxela. MNMpwtov, ol oeoPaCIKES
Slatapoyég, TMOANEG PopeG MOAAMAEG Kal oUvBeteg, mapatnpndnkav ota SVo Tpita
TEPLMoU Twv acBevwv. AsUTEPOV, N UTTOOABOUMLVOLLLO KOl Ol NAEKTPOAUTLKEG SLOTOPAXEC
ATV CUXVA EUPNUATA, TIEPUTAEKOVTAC TNV EPUNVEL TNG 0E0PBACLKAG LooppoTiag He Baon
TIC TOPASOCLAKEC TIPOCEYYIOELC. Tpitov, mMapOAo OV £Va ONUOVTLIKO TTOCOCTO TWV 0oBEVWV
™G MeAETNG mapouciale ducololoyikny ofeofaocikry Loopporia, OMWG TPOEKUTITE Ao
ouvbuaopol¢ BE/[HCO3]/PaCO,, n ¢dUGLKOXNULIKY TIPOCEYYLON OmMOKOAUPE HETABOALKEC
Swatapaxéc otnv mAswoPndia twv acBevwv. OL SlatapoaxéC autég odeilovial o€
TLAPAYOVTEG TIOU TIPOKAAOUV TOOO0 0EEWON 000 Kol OAKAAWGT. 2€ AUTOUC TouG acBevelc, n
Xpnon tou AG,q amETUXE va avayvwploel 6Aoug toug aoBeveiq pe petaBoAikr ofEwon
odelduevn otnv vPnAN TN TWV LN LETPOUUEVWY aVIOVTWY. TETAPTOV, OL APXLKEG TLUEC
TwV PeTaPoAkwv peTafAnTwy tne ofsoPacikng Looppormiag tTwv acBsvwv, ol omoiot
enélnoav kal €ENABav amd TO VOOOKOUElO OlEPEpPAV ONUAVILKA OE OUYKPLON HE TLIC
OVTIOTOL(EC TIUEG auTwV Tou amefiwoav, evw to SOFA score kat n TR SlGe

avadeixBnkav wg oL povol onpavtikol mpoyvwoTtikol deikteg Bvnouotntag.
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ABSTRACT

Introduction

The assessment of acid base balance in blood plasma may serve as an invaluable adjunct in
clinical medicine, since it may provide substantial information about disease severity and
pathophysiology. Traditionally, the interpretation of acid base balance is based either on
plasma bicarbonate concentration ([HCOs3]) and anion gap (AG), or on the base
excess/deficit (BE).

Physicochemical approach represents an alternative method of evaluation of acid base
status. A fundamental concept of this approach is the distinction of the system variables as
independent and dependent. Independent variables are those that can change primarily
and independently of one another. In blood plasma in vivo, the independent variables are:
1) the partial pressure of arterial CO, (PaCO,), 2) the “strong ion difference” (SID) which is
the difference between the sum of all the strong (fully dissociated, chemically non-
reacting) cations ([Na'], [K'], [Ca*'], [Mg?*]) and all the strong anions ([CI'] and other strong
anions including lactate) and 3) the total concentration (in dissociated and un-dissociated
forms) of nonvolatile weak acids (A, aloumin and inorganic phosphate). According to this
approach, dependent variables such as pH and [HCO3] cannot be changed either primarily
or individually. All the dependent variables vary simultaneously if, and only if, one or more
of the independent variables change. Although the clinical utility of the physicochemical
approach has been extensively studied in critically ill patients, little is known about the
value of this method in patients presenting to the ED. The aim of this PhD thesis was to
evaluate the acid base status using the three diagnostic approaches in patients admitted to

Emergency Department before any therapeutic, targeted intervention was applied.

Methods

This prospective observational study, performed between March 2011 and September

2011, was approved by the Ethics Committee of the University Hospital of Heraklion.
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Patients were enrolled in the study if, upon presentation to the Emergency Department,
the primary attending physician (who was not involved in the study) made a decision to
collect arterial blood as per local protocols and current best medical practice. In these
patients’ demographic data, the initial diagnosis at the Emergency Department and Sepsis—
related Organ Failure Assessment (SOFA) score were recorded. In patients admitted to the
ICU department, Acute Physiology and Chronic Health Evaluation (APACHE) Il scores were
also calculated.

Arterial and venous samples were collected simultaneously and analyzed for blood gases
and a serum biochemical panel, respectively. Reference values for the measured and
calculated variables were obtained from arterial and venous blood samples of 18 healthy

volunteers.

Results

Three hundred and sixty five patients were included in the study. One hundred and three
patients were transferred directly to the ICU department and 262 patients were admitted
to the clinical wards.

Compared to normal readings, patients had significantly lower values of albumin, [CI] and
[Ca2+], and higher values of SIDefr, SIG, SIGer and AG,g. Abnormalities in PaCO, were
observed in 229 patients (62.7%), consisting of respiratory acidosis in 105 (28.8%) and
respiratory alkalosis in 124 (33.9%) patients. Compared to BE and [HCO3] approaches, the
physicochemical approach identified significantly more patients with metabolic acid-base
disturbances (chi-square test, P<0.0001). Further analysis of the acid-base balance revealed
that SIG..r acidosis was the most common cause of acid base disturbance (63.0%), followed
by hypoalbuminemic alkalosis (60.3%). Significantly fewer patients with unmeasured
anions acidosis were identified with AG,4 than those with SIG., (164 vs. 230, p=0.0001,
chi-square test). Only 1 patient had a high value of AGadj and normal SIGcor. Although
there was an excellent linear relationship between SIG,r and AG,q; (r2=0.909, p < 0.001),

Bland and Altman analysis revealed significant discrepancies between these two variables.
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Acid-base disturbances due to abnormalities of [Na*] and [CI] were also common, observed
in 45% and 54% of patients, respectively.

Various metabolic acid-base disturbances were identified in groups of patients exhibiting
normal metabolic acid-base balance as characterized by normal BE and/or [HCO;3.
Excluding from these groups the patients with elevated AG,q;, 83 patients had normal BE,
116 normal [HCO3] and 81 normal BE and [HCOs5]. From these patients, the majority
(range 82%-80%) exhibited at least one metabolic acid-base disturbance, as identified using
the physicochemical approach, while approximately one third (range 37%-35%) had
abnormal values of SIG.,. From patients exhibiting normal PaCO, (n=136), 75 patients
(55.1%) had normal BE and 108 (79.4%) normal [HCO3]. In these patients, physicochemical
analysis revealed at least one hidden metabolic acid-base disturbance in 65 (86.7%) and 95
(88.0%) patients, respectively. Excluding the patients with elevated AG,q, 44 patients had
normal values of BE and PaCO; and 67 normal [HCO3'] and PaCO,. From these patients, 34
(77.3%) and 54 (80.6%), respectively, exhibited at least one metabolic acid-base
disturbance, identified using the physicochemical approach, while 12 (27.3%) and 21
(31.3%) patients had abnormal values of SIG,,.

Logistic regression analysis identified only SOFA and SIG,, as predictors of mortality. Areas
under receiver operating characteristic curves to predict mortality were 0.92 and 0.71 for

SOFA and SIG,, respectively.

Conclusion

The main findings of this study in patients presented to Emergency Department, in whom
arterial blood gas analysis was decided by the primary emergency physician, can be
summarized as follows. Firstly, acid-base disturbances, sometimes multiple and complex,
were observed in approximately two thirds of these patients. Secondly, hypoalbuminemia
and electrolyte abnormalities were common findings, complicating the interpretation of
acid-base status based on the traditional approaches. Thirdly, although a significant
percentage of patients exhibited normal metabolic acid-base status, as characterized by

normal values of BE/[HCO3']/PaCO, combinations, the physicochemical approach revealed

85



Avtwvoytlavvvakn EABipa-MaopkeAa Aldaktopikn StatplBn

hidden metabolic acid-base abnormalities in the majority of these patients, consisting of
both alkalinizing and acidifying disturbances. In these patients, AG,q; failed to identify all
patients with high unmeasured anions metabolic acidosis. Fourthly, the initial metabolic
acid-base status of patients who survived and were discharged differed significantly from

those who died, with SOFA and SIG,, as the only significant predictors of mortality.
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Background: The aim of this study is to evaluate the value of physicochemical, base excess (BE), and plasma
bicarbonate concentration ([HCO5]) approaches on the assessment of acid-base status in patients presented to
the emergency department (ED).

Methods: Upon presentation at ED, patients whose arterial blood was deemed in need of analysis were studied. Arte-
rial blood gases, serum electrolytes, and proteins were measured and used to derive [HCO3 ], BE, anion gap (AG), AG
adjusted for albumin (AG,q;), strong ion difference, strong ion gap (SIG) and SIG corrected for water excess/deficit
(SIGcor). In each patient the acid-base status was evaluated using the BE, [HCO5'], and physicochemical approaches.
Resuts: A total of 365 patients were studied. Compared with BE (n = 202) and [HCO3] (n = 151), physicochemical
approach (n = 279) identified significantly more patients with metabolic acid-base disturbances (P <.0001). Sig-
nificantly fewer patients with unmeasured anions acidosis were identified with AG,q; than with SIGc, (164 vs 230;
P<.0001). On the basis of BE, 75 patients had normal acid-base balance, and 65 (87%) of them exhibited at least 1
hidden acid-base disturbance, identified by the physicochemical approach. The corresponding values with [HCO3'|
approach were 108 and 95 (88%) patients. When patients with high AGadj were excluded, 44 patients with BE and
67 with [HCO5] approach had normal acid-base status, and most of them exhibited at least 1 acid-base disturbance
with the physicochemical approach, whereas 12 and 21 patients, respectively, had high SIG;.

Conclusion: Compared with the BE and [HCO5'] methods, the physicochemical approach has a better diagnostic ac-

curacy to identify metabolic acid-base disturbances.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

The assessment of acid-base balance in blood plasma may serve
as an invaluable adjunct in clinical medicine because it may provide
substantial information about disease severity and pathophysiology.
Traditionally, the interpretation of acid-base balance is based either on
plasma bicarbonate concentration ([HCOs]) [1] and anion gap (AG)
[2], or on the base excess/deficit (BE) [3].
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Physicochemical approach represents an alternative method of eval-
uation of acid-base status [4,5]. Also referred to as the Stewart approach,
this method is based on a mathematical model that uses the basic phys-
icochemical principles of aqueous solution [6]. Briefly, this approach
places water dissociation in the center of the acid-base status of body
fluids. It is based on 6 simultaneous equations, fulfilling the laws of
(1) mass action, (2) mass conservation, and (3) electrical neutrality. A
fundamental concept of this approach is the distinction of the system
variables as independent and dependent. Independent variables are
those that can change primarily and independently of one another. In
blood plasma in vivo, the independent variables are as follows: (1) the
partial pressure of arterial CO, (Paco,); (2) the “strong ion difference”
(SID), which is the difference between the sum of all the strong (fully
dissociated, chemically nonreacting) cations ([Na™], [K™], [Ca%? "], and
[Mg2"]) and all the strong anions ([Cl~] and other strong anions includ-
ing lactate); and (3) the total concentration (in dissociated and undisso-
ciated forms) of nonvolatile weak acids (albumin and inorganic
phosphate). According to this approach, dependent variables such as
pH and [HCO5] cannot be changed either primarily or individually. All
the dependent variables vary simultaneously if, and only if, 1 or more
of the independent variables change. Although the clinical use of the
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physicochemical approach has been extensively studied in critically
ill patients [7-10], little is known about the value of this method in
patients presenting to the emergency department (ED). The aim of
this study was to evaluate the acid-base status using the 3 diagnostic
approaches in patients admitted to ED before any therapeutic, targeted
intervention was applied.

2. Methods

This prospective observational study, performed between March
2011 and September 2011, was approved by the Ethics Committee of
the University Hospital of Heraklion. Informed consent was waived
from the patients because the study was strictly observational and did
not modify diagnostic or therapeutic management in any way. Written
informed consent was obtained from normal healthy subjects in whom
arterial blood samples were drawn for determination of reference
values of acid-base interpretation.

Patients were enrolled in the study if, upon presentation to the ED,
the primary attending physician (who was not involved in the study)
made a decision to collect arterial blood as per local protocols and
current best medical practice. In these patients' demographic data, the
initial diagnosis at the ED and Sepsis-related Organ Failure Assessment
[4,11] score were recorded. In patients admitted to the intensive care
unit (ICU) department, Acute Physiology and Chronic Health Evaluation
I1[12] scores were also calculated.

Arterial and venous samples were collected simultaneously and
analyzed for blood gases and a serum biochemical panel, respectively.
Arterial samples were collected in heparinized plastic syringes and
analyzed (Cobas b 221 Blood Gas Analyzer, Roche Diagnostics) for pH,
Paco,, and ionized calcium ([Ca?*]). Venous samples were analyzed in
the hospital's central laboratory (AU 5400 Chemistry System, Beckman
Coulter Diagnostics) for electrolytes and proteins determination. [Na™],
[K™], and [C1~] were measured using ion selective electrodes, inorganic
phosphate with molybdate UV method, [Mg?*] with xylidyl blue meth-
od, and serum albumin with bromcresol green method.

2.1. Calculated variables
[HCO5] and BE were calculated using the Henderson-Hasselbalch

[13] and Van Slyke equations [14], respectively. The AG was calculated
using the following formula [2]:

AG = ([Na'| + [K"])~(ic1] + [HCO5 7)), all in mEq/L.

Anion gap was corrected (AG adjusted for albumin [AG,q], mEq/L) for
the effect of abnormal albumin concentration (in g/L) as follows [15]:

AG,4j = AG +0.25 x (40-measured albumin).

The physicochemical analysis was performed using Stewart's quan-
titative model [6] as modified by Figge et al [16,17] to take into account
the effect of plasma proteins. The effective strong ion difference (SIDeg,
mEq/L) was calculated using the formula:

SIDog = [HCO; ]+ [Alb™ ]+ [Pi ],

where [Alb™] and [Pi™] are the negative charges (mEq/L) contributed
by albumin and phosphate, respectively. [Alb~] and [Pi™] were calculat-
ed from the measured albumin (in g/L), phosphate (in mmol/L), and pH
with the following formulas:

[Alb~ ] = albumin x (0.123 x pH—0.631) and

[Pi ] = phosphate x (0.309 x pH-0.469).

The strong ion difference apparent (SID,pp,, mEq/L) was calculated
as follows:

SID,p, = [Na'| + [K"] + [a®] + [Mg?*| (1], all in mEq/L,

The unidentified strong ions, known as strong ion gap (SIG, mEq/L),
are strong ions other than [Cl ™| (lactate, keto acids, sulfate, and other
organic anions) and were estimated by subtracting the SIDes from
the SID,pp. SIG and [C17] were corrected (SIG corrected for water
excess/deficit [SIGco,] and chloride corrected for water excess/deficit
[CI™ cor), respectively) for water excess or deficit by multiplying the corre-
sponding observed value by the correcting factor [Na™ Jnormar/[Na ™ Jobserved-

Reference values for the measured and calculated variables were ob-
tained from arterial and venous blood samples of 18 healthy volunteers.
The normal values considered were those between the 0.13 and 99.87
percentiles of values from the healthy volunteers.

2.2. Statistical analysis

Data were analyzed using nonparametric tests. Continuous variables
were expressed as medians (25th-75th interquartile range [IQR]) and
compared using the Mann-Whitney test. Categorical variables were
compared using the Fisher exact test or the y? test, where appropriate.
Linear regression and Bland and Altman analysis were performed be-
tween AG,qj and SIG,. Statistical tests (SPSS version 20.0, Chicago, IL)
were 2 sided, and a P < .05 was considered statistically significant.

3. Results (see also electronic supplementary material)

Three hundred sixty-five patients were included in the study. All
patients were admitted to the hospital. One hundred three patients
were transferred directly to the ICU department, and 262 patients
were admitted to the clinical wards. Patients' characteristics, admission
diagnoses, and mortality are shown in Table 1.

The reference ranges of measured and calculated variables are
shown in Table 2. Compared with normal readings, patients had signif-
icantly lower values of albumin, [CI~] and [Ca%™], and higher values of
SIDeft, SIG, SIGcor, and AG,g; (Table 2). Abnormalities in Paco, were ob-
served in 229 patients (62.7%), consisting of respiratory acidosis in
105 (28.8%) and respiratory alkalosis in 124 (33.9%) patients. Figure
shows the incidence of metabolic acid-base disturbances based on

Table 1

Patients characteristics, admission diagnoses, and hospital mortality
No. of studied patients 365
Age,y 72 [58-81]
Male 244 (66.8%)

SOFA score on admission
No. of patients admitted to clinical wards
No. patients admitted to ICU department

4[3-6]
262 (71.8%)
103 (28.2%)

APACHE II score on ICU admission 18 [12-25]
MV within first 24 h of ICU admission 96 (93.2%)
Vasopressors within first 24 h of ICU admission 87 (84.5%)

Diagnosis at admission

Infection 141 (38.6%)
Acute respiratory failure 67 (18.4%)
Acute on chronic respiratory failure 56 (15.3%)
Multiple trauma 28 (7.7%)
Malignancy 14 (3.8%)
Hemorrhage 9 (2.5%)
Cardiac arrest 8(2.2%)
Others 42 (11.5%)
Hospital mortality—all patients 39 (10.7%)
Patients admitted directly to ICU 25 (24.3%)
Patients admitted to clinical wards 14 (5.3%)

Values are median [25-75 IQR]. Abbreviations: APACHE II, Acute Physiology and Chronic
Health Evaluation II; MV, mechanical ventilation; SOFA, Sepsis-related Organ
Failure Assessment.
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Table 3
Incidence of metabolic acid-base disturbances

Table 2
Measured and derived variables of acid-base status in normal subjects and patients
Normal subjects Study patients P Reference
(n=18) (n=365) range
Measured variables
pH 7.40 [7.39 to 7.42] 740[7.34t07.43] 987 7.37to7.44
Paco,, mm Hg 40 [37 to 43] 39 [34 to 47] 718 36to 45
Na*, mEq/L 139 [139 to 140] 139 [136 to 141] 236 138to 144
K*, mEq/L 4.3 [4.1to 44] 4.2 [3.9t04.6] 919 37to46
Cl~, mEq/L 105 [104 to 105] 102 [99 to 106] .033 101 to 107
Ca®*, mEq/L 24[24t025] 23[2.2to24] .001 23to2.7
Mg?*, mEq/L 1.7 [1.6to 1.8] 1.7[1.5t0 1.8] 729 1.6to 1.8
Pi, mmol/L 1.2[1.0to 1.3] 1.1[1.0to 1.3] 586 <1.6
Alb, g/L 45 [43 to 46] 35 [30 to 40] <.001 38to49
Derived variables, mEq/L

[HCO3] 24 [23 to 25] 24 (21 to 27] 468 21to27
AG 15[15 to 16] 16 [14 to 18] 439 <17
AGadj 15[15 to 16] 17 [14 to 20] .010 <17
BE —03[—1.1t0.3] —05[-32t02.8] 986 —2.7to23
SIDer 39 [37 to 41] 36 [32 to 39] .003 35to42
SIG 5[4to 6] 8[5to 10] <.001 <6
SIGcor 5[4to 6] 8[5to 11] <.001 <6
Cl™ cor 105 [104 to 106] 104 [100 to 107] 269 102to 107

Values are median [IQR]. Abbreviations: Alb, serum albumin; Cl ™, chloride corrected for
water excess/deficit; Pi, inorganic phosphate; SID.g; effective strong ion difference.

physicochemical, BE, and [HCO5] approaches. Compared with BE and
[HCO3'] approaches, the physicochemical approach identified signifi-
cantly more patients with metabolic acid-base disturbances ( y test, P
<.0001). Further analysis of the acid-base balance revealed that SIG,
acidosis was the most common cause of acid-base disturbance
(63.0%), followed by hypoalbuminemic alkalosis (60.3%) (Table 3).
Significantly fewer patients with unmeasured anions acidosis were
identified with AG,q; than those with SIG. (164 vs 230; P = .0001,
x° test). Only 1 patient had a high value of AG,q4j and normal SIG ;.
Although there was an excellent linear relationship between SIGc,,
and AG,gq; (r* = 0.909, P <.001), Bland and Altman analysis revealed
significant discrepancies between these 2 variables (Figure S1 in
electronic supplementary material). Acid-base disturbances due to
abnormalities of [Na™] and [C]~] were also common, observed in 45%
and 54% of patients, respectively.

Table 4 shows the various metabolic acid-base disturbances in
groups of patients exhibiting normal metabolic acid-base balance as
characterized by normal BE and/or [HCO3]. Excluding from these
groups the patients with elevated AG,qj, 83 patients had normal BE,
116 normal [HCO5], and 81 normal BE and [HCO3]. From these

Disturbances No. of patients (%)

Cl ~¢or acidosis (Cl™ ¢or > 107 mEq/L) 73 (20.0)
SIGcor acidosis (SIGqo, > 6 mEq/L) 230 (63.0)
Dilutional acidosis (Na™ < 138 mEq/L) 143 (39.2)

Hyperalbuminemic acidosis (Alb > 49 g/L) 3(0.8)
Hyperphosphatemic acidosis (Pi > 2 mmol/L) 16 (4.4)
Concentrational alkalosis (Na™t > 144 mEq/L) 20 (5.5)
Cl ~cor alkalosis (Cl ™ ¢or < 102 mEq/L) 124 (33.9)
Hypoalbuminemic alkalosis (Alb < 38 g/L) 220 (60.3)
AG > 17 mEq/L 111 (30.4)
AG,q;> 17 mEq/L 164 (44.9)

Abbreviations: Alb, serum albumin; Cl™ ., chloride corrected for water excess/deficit;
Pi, inorganic phosphate.

patients, most (range, 82%-80%) exhibited at least 1 metabolic acid-
base disturbance, as identified using the physicochemical approach,
whereas approximately one-third (range, 37%-35%) had abnormal
values of SIG.,. From patients exhibiting normal Paco, (n = 136), 75 pa-
tients (55.1%) had normal BE and 108 (79.4%) normal [HCO3] (Table 4).
In these patients, physicochemical analysis revealed at least 1 hidden
metabolic acid-base disturbance in 65 (86.7%) and 95 (88.0%) patients,
respectively. Excluding the patients with elevated AG,q;, 44 patients
had normal values of BE and Paco, and 67 normal [HCO5] and Paco,.
From these patients, 34 (77.3%) and 54 (80.6%), respectively, exhibited
at least 1 metabolic acid-base disturbance, identified using the physico-
chemical approach, whereas 12 (27.3%) and 21 (31.3%) patients had
abnormal values of SIG.

Table 5 shows representative examples of acid-base status, evaluat-
ed using the physicochemical and traditional approaches, of patients
with normal values of BE and [HCOz]. In case 1 (toxic epidermal
necrolysis), SID is reduced to 32 mEq/L due to low [Na¥] and high
Cl™ cor. The SID acidosis is hidden by the alkalinizing hypoalbuminemia.
In case 2 (sepsis), SID is reduced (34 mEq/L) because of the combined
effect of low [Na™], chloride excess, and high SIG,,. The SID acidosis is
mitigated by the hypoalbuminemia. Both AG and AG,g; failed to identify
the unmeasured anion acidosis due to tissue hypoxia. In case 3 (lower
respiratory tract infection), SID acidosis is the result of high SIG., and
is balanced by alkalosis of hypoalbuminemia. In this example, only
AG,q; identified the high unmeasured anions. In case 4 (pneumonia-
chronic obstructive pulmonary disease patient), SID is normal despite
the presence of unmeasured anions acidosis (high SIG¢,). This is due
to the offsetting effects of chloride deficit. In this example, both AG
and AG,g; identified the unmeasured anion acidosis.

Incidence of metabolic acid-base disturbances

based on
Physicochemical BE [HCO3]
Approach n = 202 {55.3%) n = 151{41.4%)
n = 279 (76.4%)*
l ) l ) Acidosis  Alkalosis Acidosis Alkalosis
SID 4 abnormalities Agrabnormalities n=99 n =103 n=66 n=85
n = 181(49.6%) n = 227(62.2%) (27.1%)  (28.2%) {18.6%) {23.3%)

1

SID SID 4 Ay Ay

Acidosis Alkalosis  Acidosis Alkalosis
n=130 n=>51 n=19 n=220
{35.6%) [13.9%) [5.2%) {60.3%)

Figure. Incidence of metabolic acid-base disturbances based on BE, [HCO5'], and physicochemical approaches. Abbreviations: Ay, nonvolatile weak acids; SID., effective strong

anion difference.
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Incidence of metabolic acid-base disturbances in patients with normal BE, normal [HCO5'], normal BE and [HCO5'], normal Paco, and [HCO5'], and normal Paco,, [HCO5'], and BE

Normal BE Normal [HCO5'] Normal BE/[HCO5 ] Normal Paco,/[HCO5'] Normal Paco,/[HCO5'|/BE
(n=163) (n=214) (n=159) (n=108) (n=75)?
SID acidosis (SIDegs < 35 mEq/L) 39 (23.9%) 65 (30.4%) 38 (23.9%) 26 (24.1%) 8 (10.7%)
Cl ~¢or acidosis (Cl ™~ ¢or > 107 mEq/L) 22 (13.5%) 42 (19.6%) 21 (13.2%) 25 (23.1%) 13 (17.3%)
Dilutional acidosis (Na™ < 138 mEq/L) 63 (38.7%) 82 (38.1%) 61 (38.4%) 33(30.1%) 18 (24.0%)
SIGor acidosis (SIGeor > 6 mEq/L) 111 (68.1%) 138 (64.5%) 108 (67.9%) 62 (57.4%) 43 (57.3%)
SID alkalosis (SIDefr > 42 mEq/L) 1(0.6%) 0 (0%) 1(0.6%) 0(0%) 0(0%)
Cl ~cor alkalosis (Cl ™o < 102 mEq/L) 36 (22.1%) 45 (21.0%) 34 (21.4%) 23(21.3%) 17(22.7%)
Concentrational alkalosis (Na* > 144 mEq/L) 6 (3.7%) 9 (4.2%) 6 (3.8%) 7(6.5%) 5 (6.7%)
Aqor acidosis 8 (4.9%) 9 (4.2%) 6 (3.7%) 4(3.7%) 3 (4.0%)
Hyperalbuminemic acidosis(Alb > 49 g/L) 2 (1.2%) 1(0.5%) 1 (0.6%) 1 (0.9%) 1(1.3%)
Hyperphosphatemic acidosis (Pi > 2 mmol/L) 6 (3.7%) 8 (3.7%) 5(3.1%) 3(2.8%) 2 (2.7%)
Aot alkalosis
Hypoalbuminemic alkalosis (Alb < 38 g/L) 95 (58.3%) 125 (58.4%) 93 (58.5%) 54 (50.0%) 34 (45.3%)
AG,q; acidosis (AG,qj > 17 mEq/L) 80 (49.1%) 98 (45.8%) 78 (49.1%) 41 (37.9%) 31 (41.3%)

Abbreviations: Alb, serum albumin; A, nonvolatile weak acids; Cl™ ., chloride corrected for water excess/deficit; Pi, inorganic phosphate; SID.g, effective SID.

@ Patients with normal Paco,/[HCO5]/BE were identical to those with normal Paco,/BE.

4. Discussion

The main findings of this study in patients presented to ED, in whom
arterial blood gas analysis was decided by the primary emergency phy-
sician, can be summarized as follows. First, acid-base disturbances,
sometimes multiple and complex, were observed in approximately
two-thirds of these patients. Second, hypoalbuminemia and electrolyte
abnormalities were common findings, complicating the interpretation
of acid-base status based on the traditional approaches. Third, although
a significant percentage of patients exhibited normal metabolic acid-
base status, as characterized by normal values of BE/[HCO5]/Paco, com-
binations, the physicochemical approach revealed hidden metabolic
acid-base abnormalities in most of these patients, consisting of both
alkalinizing and acidifying disturbances. In these patients, AG,q; failed
to identify all patients with high unmeasured anions metabolic acidosis.

We thought it would be of importance to establish normal values of
variables of acid-base balance because reference values may differ
among laboratories. Contrary to previous studies, we used a relatively
large number of healthy volunteers (n = 18), and this should limit
errors in establishing reference ranges. In addition, for all variables,
abnormal values were considered as those that were outside the refer-
ence ranges, defined as those between the 0.13 and 99.87 percentiles

Table 5
Examples of metabolic acid-base disturbances detected with physicochemical approach in
patients with normal BE and [HCO5']

Case no.
1 2 3 4
Measured variables
pH 743 7.38 7.42 7.40
Paco,, mm Hg 33 38 38 40
Na*, mEq/L 134 136 138 140
K*, mEq/L 43 4.6 4.8 5
Cl~, mEq/L 105 105 103 101
Ca®*, mEq/L 22 2.2 24 2.5
Mg? ", mEq/L 1.7 1.8 1.8 2.0
Pi, mmol/L 1.0 1.0 0.8 13
Alb, g/L 32 34 32 38
Derived variables (mEq/L)

[HCO5] 21 22 24 25
AG 12 14 16 20
AGaq; 14 15 18 21
BE —26 —25 —0.1 —04
SIDer 32 33 34 37
SIG 5 6 9 12
SIGeor 5 7 10 12
Cl™ cor 110 108 104 101

Abbreviations: Alb, serum albumin; Cl™,, chloride corrected for water excess/deficit; Pi,
inorganic phosphate; SID.g; effective strong ion difference.

of values from the healthy volunteers, eliminating any bias in result
interpretation. However, because the concentration of phosphate is
normally very low, we used the cutoff point of 2 mmol/L, suggested by
Fencl et al [7], for this variable to identify hyperphosphatemic acidosis,
assuming that below this threshold, phosphate may hardly influence
pH. Using this threshold, fewer patients with hyperphosphatemic aci-
dosis were observed (16 vs 32 patients).

The group of patients studied was selected on the basis of the deci-
sion of the primary emergency physician to perform arterial blood
gases and before any targeted therapeutic intervention was applied.
The primary emergency physicians were not involved in the study,
and therefore, their decision to analyze arterial blood was solely driven
by medical protocols. It follows that patients with relatively high disease
severity were selected, and thus, the acid-base status of these patients
was not representative of patients visiting the ED and admitted to
hospital. This is further supported by the incidence of hypoalbumin-
emia (60%) observed in the study population, which is much higher
than that reported in all acute medical hospital admissions (approx-
imately 20%) [18]. Changing the threshold for hypoalbuminemia to
less than 35 g/L did not, at least qualitatively, modify the results;
most of the patients (195/365, 53.4%) exhibited an albumin level
less than 35 g/L.

The clinical use of physicochemical approach in the interpretation of
acid-base status has been validated in several studies [7,8,19-21], al-
most exclusively in patients in ICUs. These studies showed that in ICU
patients, the high incidence of hypoalbuminemia confounds the inter-
pretation of metabolic acid-base status using the traditional approaches
of BE and/or [HCO3]. Although adjusting the AG for the presence of low
albumin improves the diagnostic ability of the traditional approaches,
the use of a constant factor applied in the correction equation for all pa-
tients may not be viewed as a scientific solution. In addition, traditional
approaches do not take into account electrolyte abnormalities that are
common findings in the critically ill patient. Our study clearly shows
that in patients presented to the ED, and before the application of any
therapeutic intervention, physicochemical approach identified signifi-
cantly more patients with metabolic acid-base disturbances than
those using BE and [HCO5 | approaches, respectively. This difference is
mainly due to the high incidence of hypoalbuminemia and electrolyte
abnormalities observed in these patients. It is of interest to note that
even after adjusting the AG for hypoalbuminemia (AG,g;), the tradition-
al approaches identified significantly fewer patients with unmeasured
anions metabolic than with the physicochemical approach (ie, using
SIGcor). This is further supported by the Bland and Altman analysis of
AGagj-SIGor relationship, where the observed wide limits of agreement
led to significant discrepancies between the 2 variables (Figure S1 in
electronic supplementary material). It follows that in patients presented
to ED, AG,qj and SIG, should not be used interchangeably.
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In our patients, metabolic acid-base disturbances due to sodium and
chloride abnormalities were common, occurring in 45% and 54% of
patients, respectively, with dilution acidosis (39%) and hypochloremic
alkalosis (34%) prevailing. Notwithstanding that the definition of refer-
ence range of sodium and chloride affects the reported frequency
among studies, it has been shown that the incidence of dilution acidosis
and hypochloremic alkalosis in patients presented to ED is relatively
high, due to age, medications, and various comorbidities [22-25]. On
the other hand, in ICUs, hyperchloremic acidosis is the rule, observed
in approximately 60% of ICU patients [26] and in up to 80% of patients
with metabolic acidosis [27]. These percentages are much higher
than those in our study, where 20% of patients presented with
hyperchloremic acidosis. We believe that this discrepancy is due to
the fact that in ICU patients, hyperchloremic metabolic acidosis is
mainly iatrogenic, caused by excess chloride administration relative to
sodium, whereas in our patients, acid-base status was evaluated at
admission in ED and before a significant amount of fluid was given. In
our patients, hyperchloremic metabolic acidosis might be due to causes
other than fluid administration, such as diarrhea, renal tubular acidosis,
renal insufficiency, infections, or respiratory alkalosis [28-30].

Our study demonstrated that 45% to 59% of studied patients had nor-
mal metabolic acid-base status as identified by BE and/or [HCO5], and
30% to 21% when patients with normal Paco, were considered. In
most of these patients (=~ 80%) physicochemical approach showed at
least 1 metabolic acid-base disturbance, whereas in several patients,
more than 1 acid-base metabolic disorder was evident. It is of interest
to note that although the use of AG,4; improved the diagnostic accuracy
of BE/[HCO3| approach, it failed to identify all patients with metabolic
acidosis of unidentified strong anions. To our knowledge, this is the
first study showing that in patients presented to ED and before any
targeted therapeutic intervention was applied, hidden metabolic acid-
base disturbances are not uncommon. The physicians dealing with
these patients should be alert to the alkalinizing effect of low albumin
and low [CI™] and that of high [Na™], which may obscure serious and
potentially dangerous metabolic acidosis, delaying the diagnosis, as
well as the therapeutic interventions, in these patients. Therefore, in
these patients, applying the physicochemical approach to evaluate the
acid-base status unmasks hidden metabolic disturbances and improves
the diagnostic work up. It also important to emphasize that there is no
need for additional laboratory tests because all the variables used in
the physicochemical approach are also necessary for proper evaluation
of the patients and for proper application of the traditional methods
(ie, AG,q;). A simple calculator, preferably having a customized software
program, may also be used in order for the busy emergency physician to
execute the various calculations of the physicochemical approach in a
precise and quick manner.

This study has several limitations. First, lactate was not measured
and thus was not included in calculations. However, the lactate charge
was taken into account both in AG and SIG calculations. Second, a
sequential assessment of acid-base status in study patients was not per-
formed, and thus, additional important information about the patho-
physiological mechanisms and outcome predictors are missing. Third,
no comments on the relationship between initial acid-base status and
outcome can be made because cofounding variables of outcome were
not controlled. Fourth, in these patients, detailed records of prehospital
interventions (ie, fluid administration) were not available. This could
affect the initial acid-base status of the patients, and be a potential
confounding factor that might influence outcomes.

5. Conclusions

This study shows that in patients presented to the ED, the acid-base
status assessed by the physicochemical approach identifies more pa-
tients with metabolic acid-base disturbances than those using the tradi-
tional approaches. In addition, this approach reveals hidden metabolic
acid-base abnormalities in a significant percentage of patients in

whom metabolic acid-base status was diagnosed as normal with the
BE and/or [HCO3 .

Appendix A. Supplementary Data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ajem.2014.12.010.
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