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Ofeiec vs Xpovieg A/xéc OBI ;
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* Aitwo epdaviong
* Mnyaviopoc - Baduoc aviipponnong
* OEPATMEVUTLKN AVILHETWTILON



Awatapayec OBI
Avtippomnnon - PuBuiotika AtaAvpato

H napaywyn twv ofEwv dev petafaiAel to pH tou opyaviopou
H e§oudetépwon yivetal pe 3 dtapopeTIKOUC TPOMOUG

PuOuiotéc tng OBI giva:
1. Toa puBuotika dStaAvpata (buffers) (APOYN ZE AEYTEPOAENTA)
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Otelec dtatapaxec OB
PuBuotiko 6/pa H,CO,/HCO,/CO,

e Amnavtatal otov eVOOKUTTAPLO-EEWKUTTAPLO XWPO

* To ovotnua H,CO;/HCO;" gival To ONpOVTIKOTEPO EEWKUTTAPLO
pLOULOTKO &/
pH = pKy,03 + log ([HCO;] / [H,CO4 ) =
6.1 + log([HCO;] /[0.03x Pac,,])

(eéiowaon tou Henderson-Hasselbalch)

* Honuaoia touv pudutotikou ocvotnuatos H,CO,/HCOS, mapa tn
pueyadn Stagopa avaueoo otn pK,,qo; (6,1) arno to guotoAoyiko
pH (7.4), oxetiletat e TO POAO TWV VEQPWV KAl TOU TTVEUUOVO OTO
va Statnpouv oto eéwkuttaplo vypo to [HCOS ] / [CO,J: 20/1



Awatapayec OB
Avtippomnnon - PuBuiotika AtaAvpato

H napaywyn twv oEwv dev petafaiAel to pH tou opyaviopou
H e€ouvdetépwon yivetal pe 3 StaupopeTIKOUC TPOTIOUG

PuOuiotec tng OBI eivad:

1. TapuBuotika dStaAvpata (buffers) (APOYN ZE AEYTEPOAENTA)
2. To avamvevotiké cuotnua (APA ZE AEMTA - QPEZ)

3. Ouvedpoi (APOYN ZE QPES - MEPES)



Oceiec ANATNNEY2TIKEZ dlatapaxeg

TNC OBI Kal avauEVOUEVEC
QVTIPPOTTIOTIKEC METABOAEC

Npwtonadng Npwtonma®ng¢  AvilPPOMIOTIKY) AVOUEVOUEVN
Awatapaxn HETABOAN MetafoAn Avtipponnon
O=EIA
AVOTTVEUGTLKN AHCO. =0,1 x
, L Paco, T HCco, T 3
o§Ewon APaCoO,
AVOTIVEUOTIKN AHCO, =0,2 x
, i Paco, 4 HCO, ¥ 3
aAkaAwon APaCoO,

AIAQOPETIKOZ2 BAOMOZ ANTIPPOIHZHE OZEIAZ VS XPONIA AIATAPAXHZ



Oela avarmveuoTIKN o¢cwon

4 pH, TPaCoO, kat avtipporiotikn T twv HCO,

Oéeia: T katd 10 mmHg tng PaCO, > 1~ 1 mEq/L HCO;
1 7-8 nEq/L twv H*

Xpovia: T kotd 10 mmHg tng PaCO, > 13,5 mEq/L HCO;
Mua tpwtomabnc oéeiat avamveuoTIKN 0EEWON omavia

oxetileron pe [HCO; 1> 32mEq/L, kat umodnAwvel mapouoia
LLLKTAC SlotapaxNC Kol CUYKEKPLUEVA LETOBOALKNC aAKAAWGONG




AvarmveuoTikn oéewaon - Quaololoyia

Ta puoloAoyika epeBilopata yla TNV avamnvon ivat;

1.

2.

Yrroaupioa: peiwon tng PaO, - Pa0, < 50-60 mmHg

Yriepkanvio: av§non tng PaCo, ...no onuavrtiké epédiopa

—> 10 CO, Oleyeipel TOV AEPLOUO, UECW TWV YNUELOUTTOSOXEWV
TOU QVATTVEUOTIKOU KEVTPOU, OL ortoiotl ivatl evaiodntol oTiC
petaBolAec tov pH tou ENY, mou mpokaAouUVv oL ETITOTTLEC

puetaBoAeg tou CO,



Ofela avarmvevoTikn oéewaon- AttLa

A/€c otnv avtaAAayn aspiwv ota KUPEALSIKATPLXOELON:
kplon doBuatoc, mvevpovia, TVeELUOVLKO oidnua, To cUVOpPOoLLo
otelac avarmnvevotikng duoxepetac (ARDS) , mveupovoBwpaKkog
KataotoAn Tou avanveuoTtikoU KEVTPOU: OTOLOELO),
aVaLOONTLKA, NPEULOTLKA PApHAKa, KOPSLOKA OLVOKOTIA

A/XEC TWV AVATIVEUCTIKWV HUWV KAl TOU OwpPaKIKOU TOWHOTOC:
nuooBevikn kpion, cuvdpopo Guillain-Barre

Anodpafn avwTEPWV KoL KATWTEPWV OLEPAYWYWV :
AOPUYYOOTIOOMOC, ELOPOPNON EEVWV CWHATWV ) EUETOU,
coBapoc Bpoyxoomaopoc, arnodpaKkTLK UTIVLKH Artvola
MnXaviKO¢ AEPLOUOC



AVaTVEUOTLKN 0&€waon — Avtlppomnnon

H avtipponnon npaypatomnoleitol we eENC:

1. OZEIA: Ta evéokuttApLa PUOMLOTIKA SLaAUpOTOL AVTLPPOTIOUV
aupeoa tn 6/xN og 15’ - avfavovtatl ta HCO,™ koL TOPAUEVOUV
otaBepa yla 8 WPEeC
A€V CUMUUETEXEL TO EEWKUTTAPLO PUOULOTIKO GUOTNUO TWV
H,CO,/HCO;"

=

2. XPONIA: Owvedpoi mou dpouv peta amno 3-5 nuepec -
n nopatetapevn avénon tng PaCO, - auénuevn vebpikn €KKPLON
H* - 1 HCO;™ oto mAdoua



[ 350 - 450
[ 750 - 100
[ 130 - 180
[ 95C - 1000
[ 940 - 990
[ 00 -15

[ 00 -50
[ 00 -15

[ 34 -55
[ 136 - 146
[ 115 - 130
[ 94 - 107
[ 05 -20
[ -

[ 30 -30
[ 220 - 280

FO,(I 750 %
Sampe tyoe Arter al
=r .
Loceton
3l s Values
pH ,
15t g0 |mmHg
T 00, mmHg
Oximetry v alues
i otHb 9 gL
{ 30, 870 %
I “O,H: 849 %
t =COHb 21 %
t “HHD 127 %
“MetHb 03 %
Electrolyte Values
aK* 38 mmollL
4 oNa* 121 mmollL
-Ca* 1.22 mmolL
CI- 96 mmolL
IMetabolite Values
»Glu 44 mmolL
sLac 12 mmollL
1Bl 3 upmolL
Oxygen Status
0,¢ 108 VeoI%
50¢ 29.31  mmHg
Acid 3ase Status
;Base B 29 mmollL
e

OZ=ZEIA AO
APaCO, = 40mmHg

AHCO;=0,1x40=4
HCO, =24 +4 =28
pH=7,17

XPONIA AO
APaCO, = 40mmHg

AHCO; =0,35x40=14
HCO; =24 + 14 =38
pH=7,30

pH =6,1+log [HCO; ] / 0,03 x PaCO,



Otela Avarmvevotikn O¢ewon —
HAEKTPOAUTIKEC LETOBOAEC

Mkpég uetaBolég tou Nat, K*, CI, PO *

I ouykévtpwonc Na* kata 2-4 mEg/L

™ ouykevtpwonc K+ - 0,1 mEqg/L ywa kaBe 0,1 , tou pH
I ouykevtpwong PO,

‘Hriia utoyAwpatpia

DuoloAoyLko xaouo aviovTwyv



Ofelo avamVEUOTLKN 0¢EWON-
KAWVIKN €lkOva

NevpoAoylkd cupntwpata — « YtepKamnvikn eykepalomadeiar»
- MeyaAUtepn peiwon touv pH oto ENY cuyKpLTLKA LLE TO Qo Ko
av&nong tnG ALUATLKNG poNnG: KepaAaAyia, StatapoxEC TN
opoaonc, VEUPLKOTNTA, TPOMO, TIOPOLOOAOCELC KaL UTtVnAio LEXPL
KoL KWHLOL

Kapdlayyelakd cupntwpata os pH sival <7,1: appuOpicg,
OlYYELOOLAOTOAR, UTtOTOLoN



Oela avamvevoTikn oéewaon- Oepameia

H 2TOXOI TNG OEPATTEIAG
- ETTapKnig oguyovwaon

- A1aTAPNON AQVOIKTWYV Agpaywywyv

B OEPATTEUTIKEC ETTIAOYEC

- H OgpaTtrsia s{apTdTal a1Td TO AdiTIO/XPOVIOTNTA

- AVTIHETWTTION ThS UTTOKEIPEVNC VOO OU
(Bpoyxod1a0TAATIKA — BPOYXOOTTAOHOG)



Ofela avarmveuoTikn oéewaon- Oeparneia

OXl
1 N —-- v ATropdkpuveon oBovioaToixias, EEVwy CWHETWY,

TROPrg
v Xeipropéc Heimlich
Alagwhivwon

Efaogdahion "\
Batotnrag Agpaywywy @ﬁn
N\

NAI v TpayeioaTopia
, g™
Xopriynon O, ?ﬁ*l AQ o v Mdoka, yuahdkia = PO, >60 mmHg
12 \%’1' ﬁ\ﬁ v AITIOAOVIKA GVTINETWTTION:
® o A i, B 5 ATikd, £ 51
GQ‘L vTifioTikd, BpoyyxoBiaoTahTikd, ETepoeidn

EkTipnon h.? ‘-"Jﬂéplu aipartog: apyikd / 20-30 min
EmimédSou Zuveidnorng v Edv PO, <60 mmHg & PCO, >60 mmHg emdépevo Bripa
& Aspiwv aipatog

S,
ﬁ.ﬁo ﬂ'?ﬂf v MiBavév SiaocwAvwon Kal PNXavikog aEpIopog
0 &t}q’ﬁ% v Edv pH <7.10 ? NaHCO, = pH 7.10-7.20
'%?a-?ﬂ L v Afipia aipaTog (oTevi) TTapakoAoUunon)

o"-o;.& v AITIOAOYIKH AVTIHETWITION:
g Avtifiotika, BpoyyodiaoTtahnika, ETepoeidn



Oteia avamveuoTikn aAkaAwon

* H o ouyvni dtatapaxn

* TpH, L PaCoO, kat avtipporuotikr | twv HCO;’

i * Meiwon tng PaCo, kata 10 mmHg - peiwon HCO,™ katd
i 2mEq/L HCO;

* Xpovia: 14 (5) mEq/L HCO;



AvarmvevoTikn AAkaAwon — Mnyaviopot

Mvevpovika

Noonpoatoa 2l .
. AvVaTmnVEUOTLKOU
ue dieyepon Kévtpou
EVOOMVEUHOVIKWV (KNZ)
Ynodoxéwv)
dappoxa /
Yrofaipio — OpHOvEG
lotiknq Yroéia Kol

Npwtonabng
YNEPAEPLONOG

Awadopa attia

AVaTmVEUOTIKN
AAkAAwon




l. YITogaipia

[MveupovikEC aoBEveIEC: TTveuovia, dIdueon ivwaon, EUPOAR, oidnua
2 UM@OPNTIKN KAPdIaKA AVETTAPKEIQ

Ymétaon ) cofapn avaiuia

Il. Ageon OIEYEPON TOU AVATTVEUOTIKOU KEVTPOU

WYuyxoyevrc 1 EKOUCIOG UTTEPAEPIOUOG

Mupetdg

Moévog

2nNwaipia amré gram (-) BakTrpia

Pdappaka (caAIKUAIKA, vadotdvn, HEBUALavVBiveC)

NeUPOAOYIKEC DIATAPAXEG:  KPAVIOEYKEPOAAIKEC KOKWOEIG, N UTTAPAXVOEIONG
algoppayia, Ta ayyeloka eYKEQAAIKA TTEICODIA, OI OYKOI, Ol AOIMWEEIC

lll. MnXavikog agpIouog



AvamvevoTikn aAKaAwon — Avilppomnnon

H avtippomnnon npaypoTomoLeitol we €ENC:
1. OZEIA (apeon évapén oc 10’ - SLapkela 6 WPEC):
Ta evéokuttdpla puOpLotikad 8/ta Spouv oe 10’ anmodidovtog HY

otov E=KY omou efoubetepwvouv ta HCO; TPOKOAWVTOG HELWON
TNG CUYKEVTIPWONG TOUC OTO MAAOUA (¢€060¢ CI- & Na* armd ta kUTTopa)

£

2. XPONIA: Owvedpol - evapén dpaong oe 8 wpecg kot oOAoKARpwon
o€ 2-3 NUEPEC - MARPNC OVTILPPOTINON
n mapateTapevn peiwon tng PaCoO, = avilppormioTtikn Helwaon
vedplkng Ekkplong H* = | pH cwAnvaplakwyv Kuttapwy -
antwAeta HCO;™ + pelwon vedpikng amekkpiong NH4* ota oupa
- HCO;™ oto mAdopa



[ 350 - 450
[ 750 - 100
[ 130 - 180
[ 95C - 1000
[ 940 - 990
[ 00 -15

[ 00 -50
[ 00 -15

[ 34 -55
[ 136 - 146
[ 115 - 130
[ 94 - 107
[ 05 -20
[ -

[ 30 -30
[ 220 - 280

FO,(I 750 %
Sampe tyoe Arter al
=r .
Loceton
3l s Values
pH ,
¢ xct, 20 |mmHg
T 00, Sr—r—'mmHg
Oximetry v alues
i otHb 9 gL
{ 30, 870 %
I “O,H: 849 %
t =COHb 21 %
t “HHD 127 %
“MetHb 03 %
Electrolyte Values
aK* 38 mmollL
4 oNa* 121 mmollL
-Ca* 1.22 mmolL
CI- 96 mmolL
IMetabolite Values
»Glu 44 mmolL
sLac 12 mmollL
1Bl 3 upmolL
Oxygen Status
0,¢ 108 Vol%
50¢ 29.31  mmHg
Acid 3ase Status
:Base B 29 mmollL
e

O=EIA AA
APaCO, = 20mmHg

AHCO;=0,2x20=4
HCO,=24-4=20
pH=7,63

XPONIA AA
APaCO, = 20mmHg

AHCO, =0,4x20 = 8
HCO, =24-8=16
pH = 7,53

pH =6,1 +log [HCO; ] / 0,03 x PaCO,



Oelol AVATIVEVOTLKN AAKAAWON-
KAWVIKN ElkOova

PaCO, < 25 - 30 mmHg - 1 pH tou ENY

AU€non tnNC eVEPEBLOTOTNTAC TOU KEVTPLKOU Kol EPLEPLKOU
VEUPLKOU OUGTHHOTOG: cuyxuon, (AN, OTIOVLOTEPOL ETUANTITLKEC
KpLloELg Kal mapalocOnoleg KATw AKpwv

Kapdid: YriepKolALOLKEC Kol KOLALOLKEC opPUBUILES

Yrnopwodatatpia
(AOyw Taxeilag petakivnong pwodoptkwyv amo to E=KY evbokuttapla)



Ofela avamnveuotikn aAkaAwon-Oeparela

B 2ZTOXOI TNG BEPATTEIAG
- ETTapkng oguyovwon

- ESacpaAion/d1atinpnon avoiKTwY aEpaywywyv

B OEPATTEUTIKEG ETTIAOYEG
-pH 7.45 - 7.50 — Xwpig¢ CUNTITWHAT
- TautoTtroinon / AVTINETWITIO UTTOKEIMEVOU dITioU

- Avatrvor o€ KAE1IOTO OAKKO (Rebreathing devices)



Ofela avamnveuotikn aAkaAwon-Oeparela

O¢cia

l OXI

pH 2 7.55 | mup AVTIHETWITION UTTOKEIMEVNGS S1aTapaxng
Aczv ypeialovral e18Ika péTpa
l NAI

Aipoduvapikn aotabeia
Alarapayn Tou emTEédOU TUVEIdDNONG
Kapdiakn appufpia

l NAI

Aqyn péTpwv 2> peiwon Tou pH <7.50
- -lr HCUE'

AxeraloAapidn, urepSienon kol xopriynon Nacl 0,9%, aipokd®apon (4 HCO;)
- T Pﬂcoz

Avarvor o KAEIOTS oUTTRMG, EAEYYOES UTTOUERITUOU LE aVaTTVEUSTHpY £ TapahUon TWY THEMAETIKWY HULWY

oxXl

mmmp| O 00Beviig avarTvéel o€ KAEIOTO OUOTNHA
AVTIHETWTTION UTTOKEIHEVNG diaTtapayng




Oela MetafoAkn AAkaAwon —
OpLopoC - Avtippornnon

* TpH>7,45, T HCO; - bieyepon xnUeOUTOS0OXEWY —>

QVTLPPOTILOTLKOG uTtoaEPLopNoG - I PaCo,
Oéeia: T HCO; kata 1 mEq/L - PMPaCoO, kata 0,7 mmHg

¢ Xpovwa: I PaCO, 0,7 mmHg



Oteia MetafoAkn AAkaAwon — Mevika

* OLTEPLOOOTEPEC MEPUTTWOELG ofelac MA eilval amoteleoua
oeiac amwAewac CI-

e 2TOUC Papewc naoyovtec aoBeveic n oésita MA amoteAel >50%
Twv 6/xwv tnc OBI
H xpovia MA adopd povo mocooto 5% twv nepumtwoswv MA

* H oteia MA oxetiletal pe 45% Bvntotnta Otav 10 APTNPLAKO
pH>7,55 kat pe 80% otav to pH>7,65



Oéeia MetoafoAikn AAkaAwon - Attla

I. ATrwAgia H (+CI")

- FaoTPEVTEPIKEC ATTWAEIEC (EUETOI, PIVOYOOTPIKI avappoenon)
- AloupnTika (Trpéo@artn £Evapen)

- MeTaUTTEPKATTVIKA AAKAAWON

-Eicodo¢ H* oT1a kKUTTOPA (UTTOKOAIQIMIQ, ETTAVACITAON)

Il. Karakpdarnon HCO,

- MaQikég petayyioeig aipatog (Ta KITpIka petaBoAifovial og HCO; ™)
- Xopriynon NaHCOg

- OCU oUVOPONO YAANAKTOC-OAKAAEWC



Xpovia Meta oAk AAkaAwaon - Altla

-2uyyeveic O/xéc: Barter’'s 0. Gitelman’s 0., Liddle’s o.

- YTTEPEKKPION aAATOKOPTIKOEIOWYV (UTTEPAAdOOTEPOVIONOC, Cushing’s 0. )

- AVTI-VEOTTAQOUATIKA PAPUAKO
- Xpovia Xpnon UTTOKTIKWY

- Xpovia xpnon dioupnTIKWV

- Xpovia xpnon yAukopilag



Oela MetaoAikn AAkaAwaon — Avtlppomnnon

Evéokuttapia + EEwkuttapla puOuiotika 6/poro:
apeon efovdetepwon twv mMAeovaloviwv HCO;

AVOTVEVOTLKN OVTILPPOMNON:

" H aAkoAlopio emdpd LECW TWV KEVIPLKWY KOl TIEPLDEPLKWV
XNUELO-UTTIOSOXEWV TTIOU EAEYXOUV TNV avarvor], odnywvtag o€
KOTOLOTOA TNG aVOITVon G

" Jmavia N MTANPNG OVATIVEUOTLKH avTLppOoTtnon AOyw tng
untepkarnviag kat vmoéaiuiag (Pa0O, <50-55 mmHg) - diEyepon tng
avarvong kot aduvapia mepattepw peiwong tng PaCo,

Na kade avénon PaCo,tn¢ kata ImmHg npokaAeitat ueiwon tn¢ Pao,
kata 1.25mmHg

" OAOKANPWON AVATIVEUOTLKNAG avTLppomnonG o€ 12-24 wpeg



Otela MetaBoAkn AAkAAwon —
Nedpikn Avtipponnon

‘Evapén oe 1 wpa — oAokARpwon o€ 12-36 wpec

Auénuévn emavappodnon H N LElwWUEVN EKKpLon HY armo ta
owAnvaploka KutTtopa

- IEPLOPLOUEVN dpaoTnpLotnTa TNG KapPovikng avudpaong

- LELWHEVN dpaoTnpLOTNTA TNG YAOUTALLVACONG

- avénuEvn SpaotnpLotnTa TwV B-eUBOALLWY KUTTAPWV

Ot pucloloyikot vedpol tpocappolovtal TTOAU KOAAQ oTnv
arekkplon twv HCO,™ wote duokoAa pokaAeitat MA

AAAa teAka aduvatouv va amoBaAAouv ta rtAsovalovra HCO
auéavovtac cUuyxpovweE ThV EMaVAPPOPNONEC TOUC UE ATTOTEAEOUT
tn AIATHPHSH tn¢ MA



Mnyoviopol Atatipnong MetaBoAkNnc
AAKOAWONC

AU¢non tn¢ emavappodpnonc twv HCO3- oto gyyuc E2
- Yooykaltpio
- EAAelppa KoAlou
- Ynepkanvia ( CO, 1)

AUénon tn¢ emavappodnong twv HCO3- oto dnw EZ
- Eppévouoa avénon aAatokopTLKOELO WV
- YrmokoALlopia

YnoxAwpoupio

Meiwon tou puBpoL onelpapatikAc StnOnonc
(L 6iBnonc HCO3-)




Oteila MetaBoAkn AAkaAwon-
KAWVIKN ElkOova

" ACUUTTTWHOTLKOL

= [MBavn mapouciot CUUMTWUATWV
uTtooykoLpiag (aduvapia, HUIKEC KpauTeg, opBootatikn (AAn) Ko
urtokaAtatpiog (moAvoupia, moAuvdupia, puikn aduvapia)

JUUTNTTWUOTO TTOU CUOXETI{oVTaL aUECH LUE TNV dAKaAaiuio
ONwWC¢ MAPALOUNOIEC KAl TETaVIA, TTapATNPOUVTAL EEAUPETIKA
onavia




MetaoAlkn AAkaAwon- Alayvwon

* |otoplko
* ClI'oUpwv

** H xpovia MA ocuvndwc supavilet UCI > 40 mEq/I

UCIl- <25 mEq/I

UCIl-> 40 mEq/I

XAwploguaiodnTn

XAwp10avOEKTIKA

‘EpETOI ) PIVOYAOTPIKN avappo®non

[Mepicoeia aAQTOKOPTIKOEIOWV

Aidppola pe attwAeia Cl-

ECwyevnc xopriynon aAKAAEwv

MeTaUTTEPKATTVIKA] GAKAAWON

>. Barrter’s/ Gitelman’s

2 0fapn uttokaAlaiuia

AloupnTika (xpoévia Xprion)

AloupnTikd (TTpdoparn Evapén)




Oteia MetafoAikn AAKaAwaon - Oepameia

 Hoéela, coBapn N ovpntwpatik) MA (pH>7,6) anautel
enelyovoa Beparmneia

Ocwpntike n dtopdwaon tnc MA umopel va yivel eUkoAa LE TNV
arnoBoAn tn¢ nepiooetag twv HCO, ota oupa.

Mpoimnod<eoelg...
* Quololoykn vedplkn Asttoupyla
* Evoykatluio

e Quolohoyka entimeda K+ r/ko CI-

Henle) |



2nueia kAewdbla otn Bepareia tnc O¢elac MA

AttioAoyikn dtayvwon = AttioAoyikn Beparmeia
* AopBwon gvdelac K* kat Cl
* ATMOKOTAOTOON EVOYKALULOC

* MapakoAovBnon tou pH kat tou Cl twv oVpwv



Oepamneia XAwpLogvoalodntng
MetooAlknc AAKAAwGONC

AwopOwon wooluyiov oykov, K*, ClI-=

NaCl (0,9 f} 0,45%) + KClI

Artokataotaon cuotoAnc EZKX

v Adaipeon tou epebiopatoc yia tn VEPPLKA KATAKpATNOoN
Na* - amoBoAn NaHCO, ota oupa
v' Auénuévn anw amnelevbépwon Cl- = mpoaywyn Ttng

ekkplong HCO;™ ota dAowwdn abBpolotikd cwAnvapla




MetaBoAkn O¢cwon

4 ) 4 )
e | pH, L HCO; kau e Meiwon PaCoO, e O KkUpLOG
QVTLPPOTILOTLKOG katd 1,2mmHg LLNXOVLOUOC Elvait
' %Kdeﬁ 1 mEq/L N KAToKPATNON
OZEIA & XPONIA €lwong tng 0£€0G 1 N amwAeLa
OUYKEVTPWONG QAKAAEWG
HCO, mMAQOUOTOC

AuIDOSID

Awatapaxi

E€wkuttapla puOuiotika 6/pata
Evéokuttdpla pubpotika 6/pota
AVQTVEUOTLKN OVTILPPOTNON

4 4 4
“II‘A\’\IIIV\ ANNTT NV TV T _\\ ) f\cﬁl.\\l
l‘\-—\'}r.l\-l\ll \J\.l\-\-—l\l\rl\-vll VWA vV UH\-WV



MNapa tnv vYnAn erintwon tnc oécioc uetaBoAlknc
oéewaonc, bdev urtapyouv aétoniota dedboueva otouc
avIpwWItouc yLa Vo UTTOPECEL O KALVIKOC YLaTPOC
va dtayvwoel ue akpiBeia auvtn t dtatapaxi...

Ta kAaooika ouyypouuata 6gv dtaywpilouvv tnv
oeia amno ™ ypovia uetaBoAikn oewon...

Acute Metabolic Acidosis: Characterization and Diagnosis of
the Disorder and the Plasma Potassium Response
J-M Wiederseiner et al. J Am Soc Nephrol 15: 1589-96, 2004
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When a mineral acid is administered to animal
or man, a substantial fraction is buffered in sites
other than blood or interstitial fluid. Van Slyke
and Cullen (1) first observed that total blood vol-
ume could account for the buffering of only one-
sixth of a mineral acid load and suggested that
buffer substances throughout the body, including
those of the tissues, are utilized in the defense
against metabolic acidosis. Recent studies in sev-
eral laboratories have provided more detailed
quantitative data on the internal distribution of
administered hydrogen ions. Swan and Pitts (2)
in nephrectomized dogs and Schwartz, Jenson, and
Relman (3) in normal human subjects have dem-
onstrated that only about one-half of a mineral

of hydrochloric acid. The data demonstrate that
when equilibrium is allowed to occur the partition
of hydrogen ions between extracellular and intra-
cellular buffers is essentially unaffected by the
degree of acidosis.

MATERIALS AND METHODS

Experiments were performed in 24 healthy mongrel
dogs weighing from 10.5 to 21.8 Kg. Small doses of
morphine were used for sedation during the preparatory
manipulations. The femoral artery and vein were can-
nulated with polyvinyl catheters. An indwelling catheter
was inserted in the bladder, and a Levine tube was in-
troduced into the stomach and left in place for the dura-
tion of the experiment. Heparinized arterial blood was

acid load is buffered in the extracellular space and
red blood cells. The remaining hydrogen ions
exchange with sodium and potassium from tissue
and bone and are presumably buffered in these
areas.

The purpose of this investigation was to deter-
mine whether the partition of administered hydro-
gen ions between the intra and extracellular
phases is the same regardless of the magnitude
of the acid load, or whether variation in the se-
verity of the acidosis results in preferential utili-
zation of one or the other of the buffer compart-
ments. In the present experiments the distribution
of hydrogen was determined in dogs made progres-
sively acidotic by the intravenous administration

1 This study was supported in part by grants from the
the National Insti of

bically for d ion of pH, total
carbon dioxide content, sodium, potassium, chloride, he-
matocrit, hemoglobin and total protein. Measurements
were made of urinary titratable acid, ammonium, phos-
phorus, sodium, potassium, and chloride. The volume of
gastric juice was measured periodically, and a 5-cc. ali-
quot was removed for determination of total acid content.
The remainder of the gastric content was promptly re-
turned to the stomach. The analytic procedures employed
in this study have been described in a previous paper
from this laboratory (4). Following a control period
of 30 to 60 minutes, during which urine and several blood
samples were collected, hydrochloric acid in isotonic glu-
cose was administered intravenously by means of a Bow-
man infusion pump. Employing concentrations of 0.5 to
12 N hydrochloric acid, it was ordinarily possible to
limit the amount of fluid given to less than 5 per cent of
estimated total body water. At the completion of the
experiments, most of the animals were sacrificed and
the volume and total acidity of the stomach contents de-

Heart Insti of
Health, United States Public Health Service, the Ameri-
can Heart Association and the Massachusetts Heart
Association.

2 This work was done during the tenure of an Estab-
lished Investigatorship of the American Heart Associa-
tion.

3 Supported by a grant from the Royal Norwegian
Ministry of Foreign Affairs and by a Fulbright Travel
Grant.

4 This work was done during the tenure of a Research
Fellowship of the American Heart Association.

d. The small intestine was also regularly ex-
amined, but the volume of fluid was small and no meas-
urement of volume or composition was attempted.

Two types of experiments were performed. In the first
group of 14 continuous infusion experiments hydro-
chloric acid was administered without interruption until
the animal died or the plasma bicarbonate concentration
fell to less than 5 mEq. per L. In 11 experiments the
rate of acid infusion was roughly 80 microequivalents per
kilogram per minute and in three, 160 microequivalents
per kilogram per minute. In the second group of ten
intermittent infusion experimenis hydrochloric acid was
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Schwartz WB, Orning KJ, Porter R:
The internal distribution of hydrogen ions
with varying degrees of metabolic acidosis.
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= Yt mepapatolwa, n oésia MO opiletal we N xpovikn nepiodog
g&Llooppomnong nou akoAouvBel tn dtakomn pLoc oeiog
evOodAEBLac €yxuonc tou HCl og okUAOUC

= M vea «oéela otaBepn kataotoon MO» otnv omola
nopatnpeitol otaBepo — xapunAo pH kat emineda NAEKTPOAUTWY,
Kat emepxetal 60’-120 peta amo gyyuon o€€oc

= E{val amoTtéAEoUA TNC AVTLPPOTNONG OO Ta pUBLLOTIKA &/paTa Kol
TN OUVEXN TIPOOTIAOEL OLVATIVEUOTLKNC AVTLPPOTINONG Kol SLaPKEL
LEXPL TNV Evapén TN VEDPLKAC avTlppomnong mou Ba emiotpeP el
TN ouykevipwon twv HCO;” mAaopa 0to GuGLOAOYLKO
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Part I. Continuous infusion experiments
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Part II. Intermitient infusion experiments
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Fic. 4. IntRAcELLULAR DBUFFERING ©F SUCCESSIVE
Acto IvceEMENTS During INTERMITTENT HYDROCHLORIC
Acm InFusioNn EXPERIMENTS

the absence of any consistent trend in intracellular buffer-
ing as acidosis becomes more severe, and the random
variations about the mean ra.lug. Mean of average slopes
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AIM: Accordingly, the
present study was
designed to provide the
first systematic
characterization of AMA
and to provide diagnostic
criteria for the disorder in
normal human subjects
using arterialized plasma
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Acute Metabolic Acidosis: Characterization and Diagnosis of
the Disorder and the Plasma Potassium Response

* 6 healthy, male volunteers (age 24+4.5 yr), BW =72.3 #4.5 kg were
examined under metabolic balance conditions

* None were smokers / no drug therapy

* Constant diet for 5 d before study containing (per kg of body weight) the
following: 1.8 mmol sodium, 1.1 mmol potassium, 44.4 ml water, 1.28 g
protein, and 36 kcal

* Arterialized blood samples were obtained (PaO,>70 mmHg)

*  AMA was induced by infusion of NH4Cl into the duodenum in three
periods: 30 min each, 0.9 mmol NH4Cl / kg in each period followed by a
2-h equilibration period after each acid infusion period

* Received 350 ml/h 5% glucose iv



EQZH — KAINIKA AEAOMENA

EIA METABOAIKH O=

o=

P, CO; (mmHg)

H" (nmodll)

)
M- {96
| S
sl '
il :L / I I,
| ¥, i/ |
a- ,. b |y - J32
ni : : | Zsa
I ‘ '
ADI ' ' ' Aq’.sa
b . 3 ‘
48k 1 ' ' '}LL ' ..'4‘
= At . In-‘- 3
sl | Al S E
| ¥ | V )l
sel--1¢ & 3 e
LI ) ] '
' : . ’
L T LA 2 T »
150 W 120 30 120 30 120

me {minuies)

HOO3 (mmobL)

Py COz {mmMg)

H™ {nmoi/L)

Figure 1. Effact of three consecutive NH,C1 (Al through A3) admin-

itrations (0.9 mmolkg of body wt over 30 min) on plasma acid-base
composition. Each 30 min infusion was followed by an equilibration
(El to E3) period lasting 120 min x denotes P - 0.05 in comparison
to control and the previous equilibration periods, respectively.

Each infusion period was followed by

a slight increase in [HCO;']p from its nadir
value during the infusion.

Between 30 and 120 min after infusion,
[HCO;]p remained “equilibrated” and did
not change significantly, thereby defining
the acute steady state of metabolic acidosis.
NHA4CIl infusions resulted in a dose
dependent magnitude of AMA with
[HCO;]p decreasing in three sequential
steps

The total mean decrease in [HCO;]p
amounted to 5.8+0.4 mmol/L.
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KAAZ2ZIKH ANTIPPOIMH2ZH MO
J PaCoO, kata 1,2mmHg
yla kaBe 1 mEq/L peiwong tng
ouykevipwong HCO;” mAdopatog

J PaCO, katd 0.85mmHg
yla kaBs 1 mEqg/L pelwonc tng
ouykevipwong HCO,;” mAdopatog

™ H+ kata 0.45nmol/L yio kaBe
1 mEq/L pelwong tng
ouykevipwong HCO,;” mAdopatog

Figure 2. Felatonship of blood hydrogen ion (top) and PaCO., (bot-
tommn) o plasma bicarbonate concenmation. Each data point reprasents
8 mean valons for an individual subject during the equilibration peri-
ods. The solid lines show the regression of hydrogen or PaCO, on
plasma bicarbonate concentration. The dashed lines indicate the 95%
confidence limits for uncomplicated acute metabolic acidosis n nor-
mal subjects. To convert values for PaC0, to kiloPascals, multiply by

e e |
]



Acute Metabolic Acidosis: Characterization and Diagnosis of
the Disorder and the Plasma Potassium Response

e After the final acid load was administered, the kidney had excreted
only 8.8 mmol or less than 5% of the administered acid load,
indicating that negligible renal compensation occurs in AMA (NH,*
excretion)

* Plasma potassium did not change significantly (+0.02 + 0.02
mmol/L per mmol decrease in plasma HCO;™ concentration)

* These data provide the first diagnostic criteria for the diagnosis
of acute metabolic acidosis in humans

* (-) Not be applicable in diabetic patients / not explored the
response to acute organic acidosis
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E€wkuttapLa puOpLoTika 6/pata: Katd Leco 0po to 40% Tnc Taxelac
(TIc MpwTteC 2 wpeg) e€oudeTEPWONC TWV 0EEWV

Evoéokuttapla pubuiotika 6/parta: 1o 55-60% (to mpwto 24wpo)

AVOTVEVOTLKN OVTILPPOMNOoN:

** H MO Sleyeipel Toug KEVTPLKOUC KoL EPLdEPLKOUC XNUELO-
uTtodoXEelG TTOU EAEyoULV TNV avarvon, odnywvtoag o€ avénon
Tou KuPeAdkol aeplopou

*** H avénon tou kuPeAdikov aeplopou gival X 4-8 Tou K
(30L/min og pH=7,0) — avarnvor; Kussmaul

s Evapén oc 1-2 wWPEeC
s 2e 1-3 wpeg 0Onyel oe pia véa-otabepn katdotaon, n onoia
Slapkel Ewe TNV MARpPnN amokatactacn tng MO (Héow Twv vedpwv)
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AVANVEVOTLKA avVILPPOnnon:

s (Dtdvel oto péyloto eninedo otic 12-24 wPeC pe GUVABWC
PaCO, = 10mmHg

s AANA OXI NMAHPHE ANTIPPOIMHEH — mooooto 50-75%

Komwon Twv avamnveuotikwy puwv - avénon PaCo, - peiwon
enavappachnanc HCO.- atanc vedhaoiic

s To eEwku] ) LE TNV
OVOLTIVE U ¢




Oteia MetafoAkn O¢ewaon - AttloAoyia

Au§npévn mapaywyr —Xoprynon o§Ewv
1. Ketoéewon, yadakTikn oéEwon

2. AnAntnplaon amo ocaAKUALKA, LeBavoAn, atBulevoyAuKOAN, apLvoEea



AiTia JETAPBOAIKNG 0CEWONG

ue Baon 1o XA

YWHAO XA - AITIA O=EIAZ MO

MaAakTIKA 0§Ewon: D-yaAaKTIKO ogU

Ketogéwon: B-udpofuBouTipikd ogu

Madiki pafdopudéAucn

AnAnTtnpiaosig

(0caAUKUAIKA, pEBAVOAN, alBUAEVOYAUKOAN

TTapaAdeudn, Og10UXa)

NeQpPIK aveTTapKeIQ:
o¢Ea

BelKAQ,

PWOPOPIKA

Quoioloyikd XA (utrepXAwpPaIHIKA
METABOAIKH) o&Ewon)

O&éwon amrd apaiwon (NaCl) —
xopfiynon NH,CI

[[aoTpevTepIKEG ammwAelieg HCO; :
dldppola, TTapoxETeucn cwAnva, f oupiyyla

OupnTtnpooiypocidooTouia

Ne@pIkr attwAegla dITTaVOPAKIKWY
VEQPIKN owAnvaplakn o¢éwon tutrou |l

Emiveppidiakr) aveTtapkeia




MO: Atdyvwon - Epyaotnplakoc EAeYXOC

EpyaotnpLakoc EAeyXog MNpocdloplopnac

AgpLa XAoLO aVIOVIWV
HAektpoAUtec (Na*, K*, Cl~ Ca) Delta Gap [6Ldyvwon ULKTWV -
FAukoln LETAPOALKWY OEEWOEWV UE
Appwvia XQoua KaL xwpig xaoua]
FAOKTLKO Bicarbonate Gap [ dtayvwon
Oupla, kpeaTvivn HIKTWV &/XWwV]

Fevikn alpoatog XAoUa aVIOVIWY OUPpWV

OUpO: KETOVLKA OWLLATOL, QOUWTLKO YAoUOL

OpYOVLKA O¢€al, apvoéea, pH



Oelo MO — KAwvikn elkova

1. ANATINEYZTIKO: Ynepoaeplopoc (avarmvon Kussmaul), Suormnvola,
T anobéopeuon O, ano Hb kat peiwon 2,3-DPG

2. NeupoAoyikég ekdnAwaoetg: Yriotovia, ABapyoc, Kwa, omaoTkoTNTA
(mtwon tou pH oto ENY)

3. KukAowpopiko
Melwon ovdol appuBuLwV (KolAlak pappopuyn)

Melwon cuotaAtikotntog puokapdiou (utotaon, kapdLlakn
QVETIAPKELOL -TIVEUOVLKO oldnpa, taxukapdia)

MNepldeptkn SLaoToAn aptnpLloAiwy
Nepidepikn dAeBoovomnacn

AUENON TIVEUHOVIKWY OYYELOKWY QAVTLIOTACEWV
Avtiotaon otn 6pAon TwV KATEXOAXULVWY

4. AAAec ekdbnAwoeig: Navtia — Epetol, puaAyieg, urtoBeppuia, SLEyepon
oupnadntikol



Otela MetapfoAikn Ofewon-Oeparmeia

FENIKA :

Oeparneia TNG UTTOKELUEVNC VOGOU (ueiwon mapaywyrig HY)

AopOwon o¢Ewonc

- 210)X0C pH >7,2

(wote va eAaylotomolnBel n mBavotnta appuBLwy Kot va auénBbel n
QTTOLVTNTLKOTNTA OTLG KATEXOAQLLIVEC)

- Xoprjynon étttavOpakikou vatpiov (NaHCO,)

(eaipeon n yalakTikr) o€Ewaon kot n dStantikn KeEToéEwan, OTou o
HETOBOALOMOG TwV opyavikwy ofewv avayevva HCO,) —mpocsbloplopog K*

* YIOoTNPLKTIIKN Beparmeio: pnxavikoc aepLopoc, LoolUyLo uypwy,

avtipentwrion 6/xwv yAukolng, Bpedn, avtidota

E€¢wvedpikn kaBapon (SnAntnpldosic)
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