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We're a little concerned
about your potassium levels.
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BVEPEBLOTOL LOTOL (LULKA-VELPLKA KUTTAPA)
Kapstal



Kt: 'Bva KOTEEOXNV. ESVEORVTTAPLO LOV!

~100 mmol K" per day
l Intestine

~65 mmol K*
(~2%)

<4 Fecal losses Renal excretion
“Leomeq /L 5 mmol k™ ~95mmol K'

per day per day

Palmer BF, DuBose TD. Disorders of potassium metabolism.
n: Schrter RW, editor. Renal ana electrolyte disorders, 2018



TO XOUNAO TTOOOOTO TOL K.+
TTOL BPLOKETAL OTOV EEX.
OTIOTEAEL EVOV QTWYXO KOl
OVAELOTILOTO SELKTN T™NG

EAAELPNG N T™NG ETTAPKELAG TOL
OTOV OPYAVILOUO!

H LETABOAN TG KATAVOUNG
TOL Kt avausoa oTous §Lo
XWPOUG MOALG KOTA 1%, UITOPEL
VO TIPOKOAEOEL (La OVTLOTOLKN
oANOYY OTa emineda Kt otov
OpO ™G TAENG ToL 50%!




A H SLOPOWOY TWV SLATAPAKWY TWV
SMIIESWY TOL K+ OTOV OpO
OTTOTEAEL TTOAD OLXVO ALTLO

TAPATIOUTING OTNV ELSLKOTNTA TNG

VEQPOAOYLAG ATIOLTWVTOG
OLVSVLACUO TWV YVWOEWY TNG
TTOOOQPLOLOAOYLOG UE AVTEG TNG

BEPATIEVTLKNG TTAPEURAONG
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EpyaotmpLaka EvpnuaTa
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EVEELESLG YLa ETTELYOVOO OVTLULETWITLOY ATTOTEAOLV:

& H OORAPY| | COMTITWKATLKY] DITO- N UTTEPKOALALULA
A H anETOUN UETAROA TwV STITESWY K+ OTOV opo
A H Tapovoia HKI™ LETARBOAWY
OX H Guvurro'(pxouaa vomqpo'mra



T O KANAAIMIA

HINEIEI ONER
BOOLKN yvu’)mq slvat oTL M
LTTOKOALALULO OBNYEL O LTTEPTIOAWON
TWV KLTTAPWY, AHAAAH dLENON TOL
SLVAMLK.OV NpEmLa suBpav

(RMP) . 'BTOL, analTeital uEyardTEPO
EpEOLOUA yLa VA SLEYEPOOVV Y OAALWG,
Ta RUTTApPA KABLOTAVTAL ALYyOTEPO
VALOBNTA OTO NAEKTPLKO EPEBLOMA.




Ta grineda Tov K+ 0poL ota 3,5 meq/L
OEWPOLVTOL WG TO KATWTEPO QPUOLOAOYLKO OPLO
TEPO ATIO TO OTTOLO OPLEETAL Y] LTTOKAALALULA
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MNwe 6a apxLOOVUE;

MoLo sLval To/a alTLo/o;

MTIOPEL VA VOO TPAPEL;

N OLVSLAOCKOG TWV TIAPATIAVW

MELWUEYN

TPOAINYN; ATTOAELD
Q77O TOULG
VEQPOLG;

AVAROTOVOUN
, METAEL BVX
Arrw,Aé:La KoL BEX;
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BapLTNTA 00BEVN

ATIO TOL OTOMOTOG;

EVSOPAERLO XOPNYNON;




H 0po7 BEparmsia TNG UTTOKOALALMLOG ATTOLTEL T
SLAYVWOY| TNG OLTLAG KAl TV REATILWOY| TG
VTTOKELUEVNG SLATAPOKNG TIOL TNV TIPOKAAEL, LEOW

T™NG AVATIANPWONG TOL K+

SNV TTASLOVOTNTA TWV TIEPLITTWOSWY ¥| VTTOKOALALMLA
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KPLOELG TTEPLOSLKNG UTTOKOALALULKNG TTAPAAVONG i K+



Status 0§£0RACLKNG LOOPPOTTLAG (OBI)

A oL TEPLOCOTEPEG TTIEPLITTWOELG VTTOKOALOLULAG
OLVSLAZOVTAL LE OOBAPES SLATAPAXEG TNG OBI TTOL
KOBOPLTOLV O UEYANO BABUO KoL TV BEparisia




BOOLKY ApXY 0T BEPATIELO TNG UTTOKAALOLULAG
ELVOL O EAEYXOG TNG PAPUOKEVTLKNG AYWYNG TTOU
AOUBAVOLY OL OOBEVELG




O XELPLOUOG AOHEVWV UE XAMNMAA ETilrieda Kt opov,
OVOAOYO UE TA ALTLA KAl TV BApuTNTa, OLVLOTA EVa
ELPL PAOKA BEPATIEVTLKWY TIPOOEYYLOEWY
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O XELPLO'MOC aO‘esvwv ME xapm?\a STILITESA K+ 0pou
ava?\oya Hne Ta aLTLa KoL ™) Bapurm-a O'U\/LO'TO( sva
gUPL PACKA BEPATIEVTLKWY TIPOOEYYLOEWV

-

H EAASLYWN Uacpwv KO(TEU@UVTY\prv oSNyLwv
OXETLKA ne Tov Tmeo ﬂpo}mqmc KOl
es:parraac; ™G UTI‘OK.O(?\LO(LMLO(C; KOl N
asuvaulo asLOTILOTOL TpOT\'OU LTTOAOYLOMOU
TOL EAAELUUATOG




= * 61.5 log

[K+L/K*e]

Resting Membrane Potential

2,5-4,0 meq/ L

SR Au&nmq TOV rrpoaAaMBavoMsvou K 070 TOVL
O’TOMO(TOC,’, wWOoTE va arrocpauxeouv T'U)(O\/ OVETILOOUN TEG
METARBOAEG TIPOG ORKOMN TILO XAMNAA ETILTTESA

SN AO’GSVSLC UE UTTOKELUEVO |<.ap6wu<.o voamw
(kapSLokN averapkeLa, LITEPTPOPLA TNG APLOTEPNG
KOLALAG, LO')(O(L(.LLO[ Muoyéap&ou ANYM GOIKTU?\LTLGO(C
KA)ELVAL TILO ELAAWTOL OE APPLOULESG

OX H napa&o)m oTL N auy)(Opnynmq SVOC cpapptak.ou
TTOL avam'é:?\?\su TOV A€oVA PEVIVNG- ayyauorsvmvv\c—
OAOOTEPOVNG (PAA) Ba EELOOPPOTINOEL TNV ATIWAELA
K+ oTa 00pa, ELVAL LOANOV ETILOQPOANG

POAOG TWV KOALOOCLVTYPNTLKWY SLOVPNTLKWV
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6“\’ Mpoobnkn
KAALOOLVTVPNTLKWV
MELWoN, 000 TO SLOVPNTLKWV KA
SLVATOV TwWV OVOOTOAEWY TOVL ASova
KOALOATIEKKPLTLK WV PAA
SLOLPNTLK WY

MNPOZOXH O0TOV KLVELVO LTITEPKAALALULOG!



-« ATIOPPOPNOY TOL 85-90% TOL K+ ™G TPOPNG
X SXETLKA MLKPA KAl «UY| ETTELYOVTO» EAAELUMOTA Kt
< To KA TNG TPOPNG OLUVSEETAL KE QUOPOPO (PO,)
- kAL OXL KE XAwpLo (CLl-)T70L OLVNBWG LTTOAELTIETAL
o™V LTTOKOALOLLO!




1 megq Kt= 329.1 mg

12 meq N 460 mg

r > 13 meg N 500 Mo

22 meq N 850 my

PWoPOPLKD, BELIKO | KLTPLKO KT KAl OXL XAWPLOVXO




XAwptovxo Kt (Kcl)

YroxAwpalpia Kat (LETAROALKN
OAKOAWON

M1 XAWpPLOLXa OAOTA TOL K
(SLTTavepakIKO-KHCOL, OELKO-
CH-COOK, KLTPLKO-K:CHs05

ALOPOBWON TNG LTTOKOALOLULAG O £80Q0G
UETOROALKNG OEEWONG

YAUKOVLKO-K.Ctt1 Oz K1) @
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XAwptovxo Kt (Kcl)

(Lypo n SLokia)
« AT TLG TTLO SLOSESOUEVESG MOPPEG ANATOG K.t

A Melwon evsayystakol dykov, xaunré srinesa Cl-

Kloref
X ALOUPNTLKE, IUETOL, PLVOYAOTPLKY TTAPOKETELON
A H LITOKATACTAON TOL Cl, EKTEG amd EKEivn TOL K,
BONBA 0T BEATLWOY T™NG CLVLTIAPXOUOTG UETAROALKNAG =

oArAAwoNG (contraction alkalosts)

OX EPEOLOUOG OTOV BASVVOYOVO TOL TIETITLKOV CUOTAUATOS,
ALEAVOVTAG TOV KLVELVO EUPAVLONG EAKOVLG N/KaL aLoppayiag!!

A H oLoTAOM Elval va AdUBAVETAL ATTO TOV A0BEVN KE apbova
LYPA, LELalTEpa Ta SLOKLA, KAl OXL TIPLV aTTO TNV KATAKALON
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i XOPNYOLVIOL ATTO TOL OTOM ,
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AN ONCITR):
4000

ique, citrate de Potassium, citrare e sodium
Granulés
30 sachets-doges
= Voie orale
g Indication d'utitisation
—" c.maimgm(mw
T mﬂml ‘alcalinisation
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/1

_/ To KCl XOpnyoprsvo os Lon 800N e To KHCO= Ba
TIPOKOAECEL HEYANDTEPY AVENON OTa ENLeda K+ opov, o<
OXEOM ME TO KHCOZ, YEYOVOG TIOL OQELAETAL OTNV
SUKOAOTEPY ELOOSO KAl KATAVOUN TNG SLTTAVOPAKLKNG PLTAG
OTOV EVSOKUTTAPLO XWPO, CUMTIAPACLPOVTAG

KOl LOVTA K, OUYKPLTLKA KE Ta LOVTa Cl-




znsuacmm'a afely, TTEPLE)(OU\/ l<+ KOl
xom\youvrau O(TTO TOU O‘TOM.O(TOC

AW AW

/
FONCITKIL

FONCITRIL
4000

Acide citrique, citrate de potassium, citrate de sodium
Granulés
30 sachets-doses

voie orale

Indication d'utilisation
&mldkum &W




15 ml

SN MEPLNTWOELG NTILAG N} LEONG BAPLTNTAG
vTToKOALOLULaG (3-3,5 meq/L)

i D gr "
< \ / 22-30 megq KT TV Yw_épa
A H XOPNYOVIEVH 860N UWIOPEL Va EETTEPVA Tal 40 meq
TNV NUEPA, PTAVOVTAG OTA 60-L0 M KAl 120 meq i
OTOLKELAKOV Kt TO 24wpo 0

R EKTLUATOL OTL 1) AP 40-60 meg KT UITOPEL va avENOEL Ta
EMLITESA TOL OTOV 0pO KATA 1-1,5 meq/L (Mapodikn SLapreLa)

| \ ; ) \\

OX H STavoAaUBOVOUEVN ANYN ava 4-6 WPEG pm0ps£ va SLaTNPNOEL
LKOVOTIOLNTLKA ETLITESa KT opoL (LaTpilky mapakoiovenon!!)

S 1-2 tabl 2-3 popeg N 20-40/50 meq K+ ™V nuepa




- MepLocdTepo and 1o 50% :

TWV A0BEVWY KUE KALVLKA b\,O\)?“

OVUOVTLKY VTTOKOALALLA

TTAPOLOLALEL OLYXPOVWG KL @ S H ovxvoTeEpn
EPYAOTNPLOKN SLATAPOXN

ENAELUMA Mgt
sOVEPOMa

!

TTOL OLVOSEVEL TNV
LTTOMAYVYOLOLLA ELVAL W

LTTOKaALALULA

H OXETLIOMEVY| LE EAAELYN Mg Tt LITOKOALALKLA ELval
OLXVA AVOEKTLKY 0TV BEpareia




dvoloroyLkd snimeda Mgt + otov opo

OF 1,6-2,43 mg/dl O 0,66-1 wmumol/L O 1,32-2 meq/L,

TO COMTITWKATA ELVAL OOLVNON O ETILTTES A
>0,9 mg/dl N >0,4 mmol/L N >0, meq/L




o pO?xOC TOU Mayvnowu (M9++) 0pou am ‘

6L0 pewmq ™G U7TO ;<.a7\La Lwag .

. O\ H arto ToL O’TOMO(TOC 6L0pew0’n ™6 [
.| &a'rapa)mc; aroutel ™V nuepnola
Mym 350-500 mg N 30-40 mEq
OTOELAKOD Mg+ + (O'OBOKPY]
Unouayvnmawa) KAl 150-250 mg
~ 10-20 mEq (ukpoOTEPN 8?\?\84)71) .




EKTLULWUEVO EAAELUMA: 12-24 Mg/Ko B

MAGNE

SUL A

EW
50 mL

'v

(MAGHES UM SULFATE

MAGNES)

]
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X "BYXLOY auITOVAAG MOS0, 50% (M TIEPLEKTIKOTNTA
TG AMTTOVAAG O MgSO, lval 5 gr 0 StaAvpa 1oml 1Tou
AVTLOTOLKOLV OE 20 mmol N 40 meq M 500 mg
OTOLXELOROV Mgt t) O apxikn 800m 4 ml (& mmol # 16
meg | TIEPLITOL 200 Mg OTOLKELOKOD Mgt ) SLaivueva
og 100 ml sLarbuatos Nacl 0,9% e SLapKELa £yxuong Ta
10-20 ASTITA. H LEYLOTN 800M IOV ETILTPENETAL VA
XOPNYVOEL EVEOQAERLA 8E Ba TIPETEL VA EETTEPVA TA 1200
Mg OTOLKELOKOL Mgt + 0 12 wpss.




EANELUpa (0 mmol/meq) = (Tiun K+ oTa KaTwtEpa

PUOLONOYLKA ETILTTESA - METPOVMEVN TLuN K1) X BE(KQg) X 0,4

W %r’m ?'rapo'(ﬁsw,pta, EVOG 00BEVNG FO K@, Me 200-200 Mmeq
TLuN K+ 0pov 2,9 meq/L Ba TapovoLageL
UTTOAOYLEOMEVO EAAELUMA OTA 16,8 Mmeg N
650 mog K+, dniadn [(3,5-2,9) x 70 x 0,4)]
500 N F00-1000 meq
Meilwon kKaTa MEsLwon KaTa
0,27-0,3 meq/L 1 megq/L

K+<2.57n <2 meq/L



s

ANATOPEYETAI n taxela ot xwple 0eiet |
: XOpNynon tTov K+ {;_




ALOPOWOY| TNG DITOROALOLULOG UE
SVSOPAERLO xXOopNynon K+




Ol OOBEVELG UE LTTOKAALALULA TTOV XPNLOLV EVSOPAERLOG
XOPNYNOoNG Kt Ba TIPETIEL va AVNKOLY O (mla W
TIEPLOCOTEPEG ATIO TLG TIAPAKATW KATHYOPLEG

OX ASLVAULO AMPNG TOV Kt Ao TOL OTOUOTOG, UE BAOM LATPLKN
o&NyLla N AOyw SLOXEPELAG KATATIOONG, KOBWG KAl SLOAVEELD 0TV
XOPNYNON OAATWY Kt O nopdn vypoL 1 SLOKIwV
X SoRapy LTTOKAALALMLA UE ETILTIESA KT 0poL <2-2,5 meg/L
X HASKTPOKAPSLOYPAPLKN ELKOVA OLUUBATN KE OORAPY
OPPLOULO OPELAOUEVY] O VTTOKAALALULA
X S0RAPOL BABKOV ULKY] ASLVAMLA Y| TIAPAALON, UE KLVELVO
KATOOTOANG TWV OVATIVEVOTLKWY LLWV.



MNapevtepika Stadbpata K+

X 1 gr KCL/10 wml 110V avTLOTOKEL O 12,4 meg OToLELaroD K+

SN >Sakxapovxo staivua KCl (kadalex) mov meprexst 2 gr KCL - 1| |f
os 1000 wl SLaALMATOG §£ETPOING 5% (50 gr) TTOU
LOOSLVOUOVV TIEPLITOL UE 27 e OTOLXELAKOL K+

X AldAvpa Ringer’s Lactate mou TIEPLEXEL OTA 1000 wl 0,4 gr KCL
TTOU LOOSLVAOVV TIEPLITOL UE 4-5 Meg OTOLKELOKOV K+

)
2

NS | S ANAG SLOADUATA NAEKTPOALTWY, OTTwG To Plasma-Lyte mov [ N
a § TTEPLEXEL 0,37 gr KCL 77OV LOOSLVAUOLY, OE aVTLOTOLKLO UE TO § a
C§ Ringer’s Lactate, TLONG TTEPLTTOL KE 4-5 Med| OTOLKELOKOL K*| 5 C
e
i G

MEYLOTN ETILTPETTOUEVY] OUYKEVTPWOY] KUUALVETAL OTa 40-80 meq/L
(2-6 amp KCL 0= 1000 ml SLOADUATOG)




BOpLO CUMTTITWUATLKY] DTTOKOALALULA!

X 100-200 wmeg/L (F15 amp KCL/1000 ml SLaAbaToG)

OX YWNAOG pLBUOG XOPNYNONG >40 meq/wpa (OpLO AOPAAELAG)
MEXPL KaL Ta 100 meq/wpa

A 3£ aKrpALEG KOTACTACELG £X0LV XOPNYNOOVY 10 meq K+ uéoa
OE SLAPKELA 5-10 AETTWV!
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S £ TTILO NTILEC KOATOAOTACELG KAl STTLITES A
K+ opov >2,5 meq/L

A H OLYKEVTPWOY TOL Kt O0TO SLaALpa 8€ Ba TIPETIEL VA
EEMEPVA Ta 40-80 meq/L

X H o™ XOPNYNONG Ba TIPETTEL VO KUUALVETAL OTA
10-20 meq/wpa (1 amp KCl ava wpa)

A H xopynom K+ os pubud 20 meq/wpa, UITOPEL Va aLENOEL TA
EMLITESA TOL OTOV OPO TIEPLITOL KaATA 0,25 MEq/L/wpa

A H OLVOALKA TIOOHT™Ta TOL K+ TT0L 00 TIPETTEL Vo
XOPNYELTAL OTN SLAPKELA EVOG 24WPOV, 8 Ba TIPETTIEL Vo
EEMEPVA TA 150 meq (10-11 amp)



r i

H apneom e€ap™om Twy EMIESwWY K+ 0pov armo T QUOLOAOYLKN
VEQPLKN ASLTOLPYLO SNAWVEL OAPWG TNV AVAYKN EYPNYOPONG
KOATA TNV TIPOOTIABELO SLOPOWONG, OTAV TIPOKELTOL yLO OOOEVELG
TTOL BpLOKOVTOL O OPLpa oTadla XNN ne emnirmeda pueuov
OTIELPAMATIKNG SINBNONG (GFR) <30 ml/min/1,F3m2 ¥ 1OV
TTAPOLOLALOLV, YLa SLAPOPOUG AOYOLG, EAATTWHUEVY| SLOLPYON

=




POTASSI

HENSNEIDONE :
BAOLKY YVWOY Elval oTL M UT\‘EPKG?\LGLMLG o8 y<l

of ﬂapa‘ra‘rausvn ERTTOAWON TWV KUTTapwv,
AHAAAH Ta avénueva enimeda K+ opov
METARBAAAOLV TO SUVAULKD NpEULAG (RMP) ™G
MLOKAPSLOKNG Lvag amnd Ta - 85 mV OTa - 40 mV.
AUTN N EKTIOAWOY TWV KUTAPWY EUTTOSLIEL-
MTTAOKAPEL TNV TIEPALTEPW AYWY TOV EVEPYOD
SLUVOULKOD, KATAANYOVTAG OS ACVOTOALA.




Ta gmineda Tov Kt opoL glval LYNAOTEPA

arno 5,5 meq/L

(Moderate)

%
g\

5 W
ZoBapn

(Severe)




-« To au&maava smﬂa&a K+ opov MaTaBa?\?\ouv

TO SUVOULKD NPEULAG (RMP) TNG LUOKOPSLAKNG
Lvac; OTIO TO - 85 MLV OTA - 40 MV,

a8pPaVOTIOLWVTAG TOLG SLavAOLG Nat

-« H snﬂo)\wcm (olepoLanzatww) TWV KUTAPWV
EUTTOSLEEL- meomapsu ™V rré:pavrs:pw
sv&onap&awn aywyy TOL svspyou SLVAULKOV,
KATOANYOVTOG OS 00LOTOALA

ATo KT ATTOTEAEL Eva «QTWXO é:pyaAé:Lo» yLa

™MV avuxvs:umq ™G UTI’E.pK.O(?\LO(LM.LO(C,’, SLabETOVTAG
gVALOBNOLO UONLG 34-43%

Hyperkalemia

ioien
A

V4

Peaked T waves

il

Small or indiscernible P waves

GM



A3
™V TTPOOTIA
ot b 852 i )\esba SLOPOWONG TWV ETILITES u
TavTa va O‘UVUﬂgL?lxmc S Q;Tv :
OYLCO\/TO(L O?\EC oL 8pAa0 Psﬂ&
PAPUAKWY AVTWV g

B-OTTOKASLOTEG
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ACKTUALTLSA

Nat/K+ ATPase



H Ospartela ™G LITEPKAALALULOG Ba TIPETTEL VO OTOXEVEL:

Ok ST OTABEPOTIOINOY TNG LEURBPAVNG TNG MUOKAPSLOKNG VA,
SQPOOOV LTTAPXOLV ERENAEG HIKT™ OANOLWOELG
OX TNV TTPOOTIABELA EVEOKLTTAPLAG KETAKLVNONG TOL Kt aro
TOV EEX OTOV EVX
-« SToOV TIEPLOPLOUO OTNV TIPOOANYY KT, KABWG KAl TNV
avEDPEOY| TUXOV OLTLOV TTOL TIPOKOAEL EKALOY Kt KAl avEnom
TWV ETILITESWV TOL
A =TV OTTOUAKPUVON TOV K+ a0 TOV OPYOVLOWO UEOW ELTE
TNG VEPPLKNG ELTE T™NG TIENTLKNG 080V, KABWG KAL UE TNV
SQAPUOYY|, OTAV AUTO ETMRANAETAL, TNG SEWVEPPLKNG KABAPONG




Chamberlatn M)

and Thurber (1957) one out of ninety-one. But in many
other large series ha@morrhagic complications have not
been reported.

Bleeding has been put down to various causes:

1. Erosion of a Blood-vessel

Traumatic bleeding is most likely from the site of the
tracheostomy but is seldom severe. Still, for periods, often of
several weeks, the tube is repeatedly moved during tracheal
suction, physiotherapy, and the adjustment of ventilators;
hence ulceration into the large blood-vessels of the neck or
thorax is a hazard (Garland 1959, Pearce 1961).

Bleeding from the gastrointestinal tract happens more often.
The likely site is an acute or chronic peptic ulcer (Stirnemann
and Roth 1960, Jenkins and Luhn 1962). Occult bloed in the
faeces or “coffee-ground ” material in the gastric aspirate
(Wilton et al. 1958) may be the only manifestation of ulceration.
Most cases are unlikely to be diagnosed unless there is frank
bleeding or perforation (Spalding and Crampton-Smith 1963).

Although hemorrhage from other lesions is uncommon, it
has been reported as coming from a small carcinoma of the
cesophagus (Christensen and Thurber 1957).

2. Intravascular Hemolysis

Although mephenesin has been used successfully in the
treatment of tetanus (Docherty 1955), it has also been respons-
ible for intravascular hemolysis and hamoglobinuria (Parkes
1954, Pugh and Hale Enderby 1947). The urine, because of
the breakdown products of mephenesin (Davison 1963), may
give a positive guaiac test for blood. The oral route seems
safer though less effective (Boles and Smith 1951, Perlstein
1959), hence the drug seems unlikely to have played any part
in the hemolysis after the blood-transfusion in case 3. In
view of the repeated demonstration of in-vitro compatibility,
the bleeding is difficult to explain.

A sickle-cell crisis has been reported during the treatment of
tetanus (Jenkins and Luhn 1962). Hypoxia and severe infection
increase the risk of a crisis in patients with this disease.

3. Abnormalities of Coagulation Factors
Tetanus may occur in patients with pre-existing abnormalitj
of their clotting mechanism—~Poole (1962) recorded a

deficiencies during tetanus was reported by Karaca and
Stefanini (1962).
4. Aplastic Anemia, Thrombocytopenia, or Purpura
Thrombocytopenic purpura of uncertain origin arose in
case 2. Chlorpromazine, phenobarbitone, or anti-tetanus
serum could have been the cause. Thrombocytopenia has been
a relatively common complication of the treatment of tetanus;
depression of all the elements in the bone-marrow has been
reported in some patients. Nitrous oxide (Lassen et al. 1956,
Wilson et al. 1956) and chlorpromazine and promazine (Davison
1963) have been suggested as a cause. Many agents used in the
treatment of tetanus are potential causes of thrombocytopenia
or pancytopenia. These include meprobamate (Meyer et al.
1957), anti-tetanus serum or toxoid (Weinrich and Hein-
rich 1959, Huhn 1960), chloramphenicol (Sturgeon 1952),
streptomycin (Saks et al. 1951), oxytetracycline (Locket 1957),
and phenobarbitone (Scott et al. 1959). There has been some
speculation as to the effect of long-continued doses of
d-tubocurarine on the bone-marrow, but no definite evidence
of depression has yet been demonstrated.

blood-cells, and platelets are essential. Bleedmg witha nomul
platelet-count calls for the immediate examination of the
patient’s clotting mechanism, and gastrointestinal ulceration
should be excluded in a patient with suspected but occult
hamorrhage.
Summary

Abnormal bleeding arose in three patients with tetanus,
The first was associated with a coagulation defect, the
second with thrombocytopenic purpura, and the third
with intravascular hamolysis.

We should like to thank Prof. A. G. Watkins and Mr.
Wade for their cooperation in the management of these patients;
and the members of the department of hzmatology of the Wekh
National School of Medicine who carried out the relevant
investigations.
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EMERGENCY TREATMENT OF
HYPERKALEMIA

M. J. CHAMBERLAIN
M.B. Birm., M.R.C.P.

REGISTRAR, MEDICAL UNIT, WESTMINSTER HOSPITAL, LONDON, sw.l
HYPERKALAE,MIA of dangerous proportions may arise

kalemia, but the condmon is potentlally fatal because of

its effect on the heart. When there is gross electro-
cardiographic abnormality, the need for treatment is
immediate and cannot wait upon the results of biochemical
estimations. In deciding treatment the electrocardiagram
(E.C.G.) is probably more important than the precise level
of the serum-potassium, since correlation between the
degree of hyperkalemia and E.C.G. changes is by no
means constant or exact.

The following 5 case-reports illustrate the circum-
stances in which the emergency may arise and its treat-
ment. In each, intravenous administration of calcium
produced considerable electrocardiographic improve-
ment almost immediately, and, in all except 1, rendered
the patient “ safe > while measures were being taken 10
lower the serum-potassium.
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OX H xopnynon tov cat+ ﬂpOé(YSL ™V
ATTOTIOAWOY, TNG MLOKAPSLOKNG LVAG
(vopuo-/vrnaoBeoTtiatuia)
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C)% H suspyawmﬁ srri&pacm TOL CA™ T EWVAL XAPAKTNPLOTLKO
OTL EEKLVA LEoA OO ™IV
E£YXVOY| TOL OTOVG AOOEVELG

A Tocatt OUTE ammouaKpLVON ToL K+, oUTE

SLOUEURPAVLKN METAKLYNON TOV!!!

MNpootaoia ™G MLOKAPSLOKNG LVaG ard ™V
TIOPOTETAUEVY] EKTIOAWON



OX TPOTIOG KAl TAaXLTNTA XOPNYNONG

X ETIAOYN TOUL OKELAOMATOG Catt

= ‘
‘S :

8 1 gr XAWPLOVXOL Catt mepLEXEL 2F3 mg W
o0 13.6 MEq OoTolxsLakoL cat+/ 10 ml
S| XawpLovxo ca++
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¢ TAUROVLKO Catt

1 gr YAUKOVLKOVL Cat+ mEPLEKEL 92 my ﬁ!

4.6 mEq O‘TOL)(ELO(K.O() cat+t /410 mL!
(2 Yriapen ouvvEXOLG HKT KATOYPAPNG I

A FVWOY aOVTEVSSIESWY 0™ xopnynon

MpooTaoia ™G MLOKOPSLOKAG LVAG aTto TV
TIOPOATETAKEVY] EKTTOAWON



R 1-2 gr YAUKOVLKOV 00RECTLOV

=
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Qg)_ [*’% Apyﬂ EVSOPAERLA éyxumq yita 5-10 min

G ) ’ \\ : l;

LQr N 1-3 Ml wG 1 wpa :\/\-
:< ‘.O ',’/ :

8_ ¢ ’Q MPOZOXH ZTH AAKTYAITIAAL

Q : % Ao amPp XAWPLOLXOL AORECTLOL/1000 Ml NS
)0 T aoml 1ml/Rg/BE/wpa

BN 19 XAWPLOLXOV OOREOTLOV
1025 ma/KgBE () 700-1750 mg () 0,71, amp

MNpootaoia ™G MLOKAPSLOKNG LVaG ard ™V
TIOPOTETAUEVY] EKTIOAWON

LUN AOoNOLda UL bam 00T-0S HZH_IHLOX




{0 po'?\oc; TNG LVOOVALVNG KAl T™NG yAUK.o'Cvlc

{2025 Oy LTTEPTOVO SLAAVMA YAUKOTING + 10-20 UOVASEG
LVOOLALVNG TOXELAG Spaong

1 amp 35% TTEPLEXEL 350 Mg YAVKOING/ml N 3.5 gr/10 ml

A 56 amp 25% Y 50-60 ml Y| 17,5-21 gr YAUKOING

7 O\

/1) S “Bvapén 8pdong o 15 min/SLapreLa 8pAong
% 4-6 WPEG

i

N Ze1 Wpa HElwon Tov Kt kaTa 0,6-1,2 meq/L

MPOSZOXH TA EMIMEAA TAYKOZHE NA BINAI <250 M&G/DL

NPOZOXH ZTH NEPPIKH ABITOYPT LA

NPOZOXH ZTO PAINOMENO REBOUND

AVOAKOTOVOUY| TOL KT META&L BVX KAl EEX
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40 POAOG TOL SLTTavVEpakikoL Nat (NaHC o)

2 SN YTTapEN TIPODTIAPXOLOAG OEEWONG KOL EANELUMUATOG

g . Baong (pH<F3 koL HCOs<1F meq/L)

ST o ’ <
S AOCELG >120 meq Kol KT opov =6 meq/L
S KABE ab§N oM Tov pH KATA 0,1 OVASEG, armo ™
XopNynov NaHCOz, WITOPEL VA TIPOKOAEOEL ULELWOY TWV
smedwv K+ opoL meplimov kata 1,3 meq/L

X ALOUEURPAVLKN sLoosoG Tov Kt ota kUTTOpPAO KOl EAOTTWUEVY
EYYUG ETTAVAppOPVOY| TOV, KABWG KOL AVENUEVY] EKKPLOY TOL OTOV
ATIW VEQPUWVA, OTA TIAGLOLA TNG TIPOKOAODUEVNG OAKOALOLULOG

X XPELATETAL TOVABKLOTOV 4 WPES yLa Vo SpAOEL

X 150 meg NaHCO- (TTEpliov 1,5 aoKOG EPLEKTLKETNTOG 8,4%, TTOU
TIEPLEXEL OXESOV 100 megq NaHC O ota 100 ml) o 1000 ml
SLOADMATOG YALKOING 5% yLa SLAPKELA 4-6 WPWV

AVOAKOTOVOUY| TOL KT META&L BVX KAl EEX



40 POAOG TOL SLTTavVEpakikoL Nat (NaHC o)

2 X YTIapEN TIPODTIAPXOLOAG DEEWONG KaL SAASLUUATOS

A TNG TIPOKOAODUEVNG OAKAALOLULOG
J A XPELATETAL TOVAAXLOTOV 4 WPEG yLA Va SpAOEL

X 150 meg NaHCO- (TTEpliov 1,5 aoKOG EPLEKTLKETNTOG 8,4%, TTOU
TIEPLEXEL OXESOV 100 megq NaHC O ota 100 ml) o 1000 ml
SLOADMATOG YALKOING 5% yLa SLAPKELA 4-6 WPWV

AVOAKOTOVOUY| TOL KT META&L BVX KAl EEX



4 O POAOG TV B-BLEYEPTUHV

S OL KOTEXOAAWLVEG ELVOOLV THV AVAKOATAVOMN TOL Kt Kal TV ELO0SO
TOL MEOA OTA KUTTAPA, HEOW SLEYEPONG TNG AVTALAOG Nat/K+ ATPase
KAl TOL OVUMETAPOopEa Nat-K+-2CL-

S AAUTTOVTEPOAY OE 800V 10-20 MO UE TN
BoNBsLa VEQEAOTIOLNTN O 4 ml NS yia 5-10 min
(TETpamAacia kal TTAEOV 8§60 Ao TH OLVNEY

BpOoyXOSLAOTAATLKN) e

OX MELWOMN TwV
gTMESWY K+ o0pov
KOTA 0,6-1 meq/L O
SLACTNUO BO-60MLn
(860m 10 koL 20 mg
OVTLOTOLKO)

0,5 mg OTAYENV NAPENEPT EIES!

AVOAKOTOVOUY| TOL KT META&L BVX KAl EEX



A H ve@pLrn arroBoin K+

O% ETILTELEN Ka?\uo()pnch;!

; ATIW OWANVAPLAKN ; ;
ANSOOTEPOVN 00N N+ KaL vEpoD QOUWTLKN SLoLPNON
Yrooykatuia; YriEpoykatuia;
o ATIOKOTAOTOON oW S XOPNYNON KOALOOTIERK PLTLRGIN
XOPAYNONG LYPUV SLOLPNTLKWV

20-40 Mg POVPOOEULENG (1-2 amp) O apyn EVSOPAERLA éyxum]i

ATIOUAKPLVON TOL Kt arno Tov 0pyaviouno
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Sodium Polystyrene Sulfonate (SPS, Ka yxalate)
(Mia pNTivn e EYRPLOY OTIO TOV. FDA TIPLV arto 60 XxpovLa)

Kayexalate
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J H aTTOTEASOMATLROTNTA TOL AEN EXEL EKTILUNOEL OS UEYOAES
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Sodtum Polystyrene Sulfonate (SPS, Ka yxalate)
(Mia prTivn KE EYKPLON aTIO TOV. FDA TIpLV OTIO 60 XPOVLA)

MPOZOXH ZTO Cat+ KAl STO Mg++

X BVOaLWpna ario TOL OTOMATOG "'7

15-30 gr OKOVNG SloAvuEva o 60 ml -Ja M

VE|"0L 4-5 QOPEG TNV NUEPA)
= Bvalwpnua ano To opeo
(20-50 gr orkOVNG SLaALVMEVA O 120-200 ml

Nat : ; ;
VEPOL 2-2 POPEG TNV NLEPA)

0

. K+ AEV aTTOPPOPATAL CUOTNUATLKA!

“§ H EVapEN ™G SpAonG TOL PAPUAKOV
LTTOAOYLIETOL OE 1-2 WpeG (amd To oTora) Kol
20-60 Min (UE VTTOKAVOOVG)

A H SLdprELa 8pAOMG Sival TTEPLTTIOL 2-4 WPEG

X 1 gr pnTivnG Ssouelel 1-3,1 meg K+
ATIOUAKPLVON TOL Kt arno Tov 0pyaviouno




Sodium Polystyrene Sulfonate (SPS, Ka yxalate)
(Mia prTivn KE EYKPLON aTIO TOV. FDA TIpLV OTIO 60 XPOVLA)

KAYEXALATE

.1970-2014
OFTEN USED; Dol
GENE "‘LLY Usmsss e

RN
Q_)'(fs ..

OXL COPRLTOAY] OTOVG UTTOKAVOUDUG!

Na {NOOLUE VA TO BUMOUAOTE;

ATIOUAKPLVON TOL Kt arnod ToV Opyaviouo



Patiromer (Veltassa)-2015

A novel next-generation polymer
N MY OTTOPPOPOVUEVO OLVOETLKO TIOAVUEPEG O OPPN
OPALPLELWY TIOL §pa UEDCH OTO KOAOV, XWPLG Va artoppo@a
VEPO KOL XWPLG VA SLOYKWVETAL, TIPOAYOVTAG KOTA BAOY
™MV avTaAAayn Tov Ktue Tto catt

A 1 gr TOL TIONVUEPOVG WITOPEL VO SEOUEDOEL, OF pH

avVTLOTOLXO E AVTO TOVL TIAXEOG EVTEPOV, 8,5-8,8 meg Kt

ATIOUAKPLVON TOL Kt arnod ToV Opyaviouo



Patiromer (Veltassa)-2015
A novel next-generation polymer

A AUVTLRA AlySG TTapsvEpYSLEG, (avapepdusvn Hma
AVTOTTEPLOPLIOUEVY] SUOKOLALOTNTA KAl DTTOUAYVNOLOLLA)

A ABOY EVapENG TOL PAPUAKOL BEWPOVLVTAL TA &4 Or pia
POPa ™V NUEPA (EVAG PAKEAOKOG)
A H 8601 Wopsl Vo avENBEL O 12,2 gr YL TEPUTTWOELG
NTTLOG LITEPKAALALULOG KOL OE 21,4 gr OS UETPLA KAl

OOROPN VTTEPKAALOLKLA
-

_(+ 6£07 TOL OTNV OVTLMETWIILOY TNG OEELOG DTTEPKAALALULOG ELVOLL
ATIAG ETILKOVPLKY], AQOV Y TITWOY| TwV EMIESWY Kt 0pov
EUPAVLIIETAL TOVAAXLOTOV F WPEG KETA TV ANYN TOV PAPUAKOL

KOl SLOPKEL TIEPLITOL 1-2 NUEPES @

ATIOUAKPLVON TOL Kt arno Tov 0pyaviouno



MEAETEG YLO TNV OTTOTEAECUATLKOTNTO TOL PALLYOVAELY

Trial Design

Primary Endpoint

Results

Weir et al.*(OPAL-HK)

» Single-group, single-blind initial treatment phase in 219
patients with CKD and hyperkalemia receiving RAAS
inhibitors; 107 patients entered placebo-controlled,
single-blind, randomized withdrawal phase

« Treatment: patiromer 4.2 g or 8.4 g BID in patients with
mild or moderate hyperkalemia, respectively, for 4 weeks
(initial phase); patients continued with patiromer (n = 55)
or switched to placebo (n= 52)for additional 8 weeks
(withdrawal phase)

Between-group difference

in median change in serum
potassium level over first

4 weeks of withdrawal phase

Estimated median change in potassium level
to week 4 of withdrawal phase: 0 mmol/L
for patiromer vs. 0.72 mmol/L for placebo
(P<0.001)

Pitt et al.** (PEARL-HF)

» Double-blind, randomized, placebo-controlled, parallel-
group study in 105 patients with heart failure and history
of hyperkalemia or CKD

« Treatment: patiromer 15 g BID or placebo BID for 4 weeks

Mean change in serum
potassium from baseline to
end of study (day 28)

Significantly reduced mean serum

potassium level with patiromer vs. placebo at
end of treatment (between-group difference:
—45 mEq/L [P < 0.001))

Bakris et al.>* (AMETHYST-DN)

« Phase 2, open-label, dose-ranging, randomized study in
outpatients with type-2 diabetes and mild (n=222) or
moderate (n = 84) hyperkalemia

« {nitial dosages: for mild hyperkalemia, patiromer4.2 g
(n=74),8.4 g (n=74), or12.6 g (n=74) BID; for moderate
hyperkalemia, patiromer 8.4 g (n= 26), 12.6 g (n = 28), or
16.8 g (n= 30) BID; all patients received RAAS inhibitors

Mean change in serum
potassium level from baseline
to week 4 or before initiation
of dose titration

Mean reductions in serum potassium levels
in patients with mild hyperkalemia: 4.2 g,
0.35 mEq/L; 8.4 g, 0.51 mEq/L; 12.6 g,

0.55 mEq/L

Mean reductions in serum potassium levels
in patients with moderate hyperkalemia:

8.4 g, 0.87 mEqg/L; 12.6 g, 0.97 mEq/L; 16.8 g,
0.92 mEq/L

BID = twice daily; CKD = chronic kidney disease; RAAS = renin—angiotensin-aldosterone system.
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X 'BVa U arioppOPOVEVO UK POTIOPWSEES OLOTATLKO (OF
avTiLOEON E TO patiromer SEvV ELval TTOAVUEPEG)

R ASLTOUPYEL WG EVAG KATLOVLKOG AVTLUETAPOPEAG Nat/K*

A =TV opsia Tov uEoa Tov EVTEPLKS aVAS KAl SEALTLOG TOU
MEYEOOLG TWV TIOPWV TOV SEOUEVEL Ta LOVTA KT KAl TOU
NH,t, a@pNVovTaG 0E HEYaAo BABO SASLOEPA AANG LOVTO,
OTIWG Elval To Nat, To catt kal To Mg++

AEOUEVEL LOVTA KT X9 O OKEON UE TO SPS

A AT 0,2 WEKPL TO 15 gr OKOVNG O $va ToTpL (240 ml) vepod

H 8007 Twv 10 gy §pa O 1-6 WPEG, EXOVTAG CUVOALKY| SLAPKELA K¢
Spaomg TG 12 wpes (o&sla vrepraAlatuial)

ATIOUAKPLVON TOL Kt arno Tov 0pyaviouno



MENETEG YLA TNV, ATTOTEASOUATIKOTNTA TOL Z.S-9

Ash et al.*®

+ Phase 2 randomized, double-blind, Rate of serum potassium decline in + Primary endpoint met in 3 g (P=0.048)and 10 g
placebo-controlled, dose-escalation study first 48 hours (P<0.0001) cohorts vs. placebo
in 90 patients with stable stage-3 CKD and » From baseline, mean serum potassium significantly
hyperkalemia reduced by 0.92mkEqg/L at 38 hours

« Treatment: 15-90.3g(n=12), 3 g (n=24),
10 g (n = 24), or placebo (n= 30) for 2 days
with meals

Kosiborod et al.*¢(HARMONIZE)

« Phase 3, randomized, double-blind, placebo- | Mean serum potassium level ineach | » Serum potassium significantly lower on days
controlled trial in outpatients with hyperkalemia | ZS-9 group vs. placebo during days 8-29 in all Z5-9 groups vs. placebo (4.8 mEqg/L,

« Treatment: ZS-9 (10 g) TID in 258 patientsin | 8-29 of randomized phase 4.5 mEqg/L, and 4.4 mEqg/Lfor 59,10 g,and 15 g,
initial 48-hour open-label phase; 237 patients respectively, vs. 5.1 mEq/L for placebo; P < 0.001
with normokalemia at 48 hours received for all comparisons)
Z5-959g(n=45),10g(n=51),15g (n=56), » Proportion of patients with mean potassium
or placebo (n=85) QD for 28 days in random- < 5.1 mEg/L on days 8-29 significantly higher in all
ized phase Z5-9 groups compared with placebo (80%, 90%,

and 94% for 5 g,10 g, and 15 g vs. 46% for placebo;

P < 0.001for each dose vs. placebo)

Packham et al.*?

- Two-stage, phase 3, double-blind, placebo- Initial phase: exponential rate of « Initial phase: mean exponential reduction from base-
controlled trial in patients with hyperkalemia | change in mean serum potassium line per hour in serum potassium level at 48 hours:

« Treatment: 75-91.25g (n=145), 2.5g (n=141), | level at 48 hours; maintenance 75-91.25¢g, 0.11% (P> 0.05); 2.5 g, 0.16% (P < 0.001);
5g(n=158), or10 g (n=143) or placebo phase: between-group difference in 5g, 0.21% (P< 0.001); and 10 g, 0.30% (P < 0.001) vs.
(n=158) TID for 48 hours in 753 patients mean serum potassium level during placebo, 0.09%

(initial phase); 543 patients with normokalemia | 12-day treatment interval » Maintenance phase: Z5-9 5 g and 10 g significantly
at 48 hours received Z5-9 or placebo QD on superior to placebo in maintaining normokalemia
days 3-14 (maintenance phase) (P=0.008 and P < 0.001, respectively)

CKD = chronic kidney disease; QD = once daily; TID = three times daily.



OX EQOPUOYY SEEWVEPPLKNG KABAPONG (TEXVNTOG VEPPOG)

H SEwvePpLKN KABAPON ATTOTEAEL TNV TEASLTALO KATA OSLPA,
OAND KOL TNV TILO OTTOTEASEOUATLKY KEBOSO AVTIUETWITLONG
TNG OEELAG UTTEPKOALAULAOG

<G
ﬁ o

N, o2°
, AN
AEJEVIM&’O‘ MsLlwom o7
+ :
smrrs:&o,( = TTEpLITOV Q\S/
OpOL , = = : ,
KOTA 1-1.5 - 3 |EmMTAZSovV kaTaA

meag/ L @ 2 meq/L

Mia ovvespla TEXVNTOL vEQPOL (TN)

ATIOUAKPLVON TOL Kt arno Tov 0pyaviouno



OX EQOPUOYY EEWVEPPLKNG KAOAPONG (TEXVNTOG VEPPOG)

SN PLUBUOG MELWONG TOV KTEEAPTATAL ATTO TA OTOLXELA T™NG OLVESPLAG. ..

(Ttun Touv K+ 0pov)-(Tiun Tov K+ 0poL Tov SLaAbuatos) >5meq/L

O

MELwor Twv EMIESwY Tov Kt opoL kaTta
1 meq/L, LECA O Alya ASTITA aT10 TNV
EVapEN T™MG OLVESPLAG
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A EQOPUOYN SEWVEPPLKAC KABAPONG (EPLTOVOLKA KABAPON)

EQapUOYN ALVENUEVWY O
APLOLO AANOY WV, AAND
OVOYKOOTLKO LELWUEVWV
os SLapKELa

MAPOSOG TIOAAWY WPWV

(mEXpL kAL 12) yla va
ETILTEVXOEL MELWOoN
Twv EMITESwWY K+ 0pov
KaTa 50%

A YTTOAELTIETOL OOQWG, OE OLYKPLOYN UE TOV TN,
WG TTPOG TNV AVTLUETWITLON TNG OEELAG
LTTEPKOALALULOG

NAL, T8 AAYNAMIA YTIAPEHSE ATTEIAKHS MPOSMEAASHS




X MoAD OLXVO TIPORANUO OTY| SLOXELPLON
A0BEVWY UE XNN TTOL OLVNOWG TTACKOLV KOl

ano...

SN APTNPLOKY LTIEPTAON - ZoKKapwdN SLapN ™)

A Kapslak avendprea

KOl AQUBAVOLV...

S AVAOTOAELG TOV Aasova PAA

A KOALOGUVTNPNTIKAE SLOVPNTLKA

...EUPAVLTOLV OLXVA TLUEG Kt 0poL
TTAVW ATTO TO PLOLOAOYLKA OpLA

MLa «AOVOAVOLOO» OTIELAY. ..




MELWOM TNG SLALTNTLKAG TIPOCANYNG TOL Kt KATW anod 50 meg,

Y] 2000 M0 TNV NUEPA, KABWG KAl ATTOQLYN TPOPLLWY TTOU

OLXVA EUTIEPLEXOLV KT OE avTikaTAoTaoy Tov Nat
(okgvaouaTa aAaTLOL ¥ AANG TIPOLOVTA TTOV TIEPLEXOLV

OVENUEVEG TTOOOTNTEG KHyla TNV TIPOAN YV TNG

KOPSLAYYELAKNG VOOOUL)

..KONO TO KT, aAND...




Nam'spaq
LOVTOOVTOAAOKTLKEC

pvrnvac;'

.. ME O'TO)(O ™ 6Lampn0‘n s:voc; cpapuak.ou TTOU OVOOTEAANEL TOV
asova PAA OE auvéuacmo me E\/O( KO(?\LOO(T\‘SK-KPLTLK.O
&oupm'm.o TOL TUTTOV TG aynu?\nc N TWV eauacuémwv WOTE
Vo EELOOPPOTTIELTAL O VEPPLKOG XELPLOWOG TOV Kt
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