


ONPEAENEHUE TMNEPKAJIMEMA

MnepkanmeMusa -
KOHLUeHTpauua K* B cbiIBOpOTKE KPpOBM

= 5,5M3kB/n

05,0 mMakB/n ?
05,3 Ma3kB/n ?
05,6 mMa3kB/n ?




SGMNAEMANOJIOINNA TMNEPKAJTIMEMAN

o YacrtoTa cpeau roCcnmTasim3ampoBaHHbIX 60/1bHbIX CcOCTaBnsAerT
1-10%
0 BblcCOKMM pUCK HabnropaeTca y MlaeHUEeB U CTAapUKOB,
npyv NoYe4yHoM HeAoCTaTOYHOCTU, 3aboneBaHUAX Noyek
M MOUYEeBbIX NYTEN, TAXKEJSIOM caXxapHOM AnabeTe, pake,
cepAeYyHoOn HeaoCTaTOYHOCTH, a TaK)Xe Npu noavnparMasum

0 JlekapCTBEeHHble cpeACTBa «NPUHUMALOT yyacTue>» B pa3BUTUM
rmnepkKkajsmeMmm y rocnmtasimsampoBaHHbIX 60/1bHbIX
B 75% cny4yaesB

0 My)xuunHbl 60n1ee NnpeapacnosiodXeHbl K rTMnepKaJimeMmm,
HeX<eJIN YXEeHLLUUHbI

0 JleTanbHOCTb cpeaAm 60/1bHbIX C rTMNEepKasiIMeMUen B LLeJZIOM
cocrtaBnser 14,3%; npun K*=7 makB/n - 28%,
npu K*<6,5 makB/n - 9%




CMMNTOMbI TMNEPKAJIMEMUA

KnumHunyeckue cMMnToMbl HaAbnwpgaroTcA
TOJIbKO NMPU TSXXEJSION rmnepkKaimemMmn:

- 6paankapana (nonHbin AV 6,10K)
- TaXMnHo3 (cnabocCcTb AbiXaTesibHbIX MbILUL)
- MblLlLEeYHaA c/1aboCcTb 1 BAMIbIEe Napajnydm
- YTHEeTeHUe NN oTcyTCcTBUue rybokmnx
pedekcoB
- Nnpyn pabaoMmnosnnse — HaNpPsYXXeHHOCTb MbILUL
M Bblpa>XeHHaA Mbiwe4vyHan cnaboctb



OcMmoTp 601BbHOrO C rMnepkKasimeMmeu

XXanob6bi: cnabocCctb, YTOMNIAEMOCTb, peAKO MbilUeYHble Nnapajuum,
3aTpyAHeHHoOe AbiXaHue, cepauebueHue nnm 6osb
B rPYAHOMN KNeTKe.

AHaMHe3:

- HaIMuYMe caxapHoro amabera, No4Ye4YHON HEAOCTAaTOYHOCTH,

anNu3oAbl Napasimyen

- puck pabgommonunsa (TennoBOM yaap, XpPOHUUYECKUNH
aJIKOrosiusMm, aKCTpemMasibHass onsnueckas Harpy3ka),
reMosim3da u CMHApoOMa 2in3uca onyxosam

- xapaktep ametbl (bpykTbl n oBowm, NaCl, s3ameHuTenmn
noBapeHHOM COoNm

- NPpUeM JIeKapcCTB, CHMXXaLwmnx BbiaeneHme kanma (kanmn-
c6eperarowme aunypetukn, HMBC, nAIN® n 6n10kaTopbl
peuenTopoB aHNrNMOTEH3UHA, LUMKJIOCNOPUH, NneHTaMuauH,
TpMeTonpumMm, cynbdamMmeToKkcason)

- npueM beta-aapeHob6inokaTtopoB



O6cnepoBaHue 60s1bHOIO
C rmnepkKkaavemMmmem

OnpepeneHve pyHKLMMN NOYEK — KpeaTUHUH, moyeBuHa, CKO®

Kanuu, HaTpMmn 1 oCMONANIbHOCTb MOYM
- K* Moun <20 M3kB/Nn npeanonaraet CHNKeHue BblaesieHUs

KaJIusl NoUKaMm
- K* Moun >40 ma3kB/n npeanonaraer BHeNno4yeyHblie NPpUYnHbI
rmnepkKkaameMumm

111 OueHKa y4yacTus novYek B BbiieJIEHUUN KaJZIus BO3MOXKHA TOJ1bKO
npu oaoHOBpeMeHHOM onpeaesieHnn oOCMOJIAJIbHOCTU MOYM

Hanp., K* cbiBopoTkn = 6 M3akB/n, a B Mo4e 60 M3akB/ .

Ecnn ocMmonsanbHOCTb MOUM = 300 MOCM/Kr, TO €CTb MO4Ya HE KOHLleHTpMU-
pOBaHa OTHOCUTEJIbHO CbIBOPOTKM, TO BbiaenieHne 60 MakB/n
O3Ha4vaeT NoYeyHyro NoTepro Kasus.

Ecnun ke oCcMOoNANIbHOCTb MOUM = 1200 MOCM/Kr, TO €CTb MOYa KOHLIEHTpU-

poBaHa B 4 pa3a No OTHOLUEHUIO K CbIBOPOTKE, TO KOHLleHTpaLuus K*
B MO4Ye Npu OTCYTCTBMU KOHLEHTPUPOBaHUSA BCneacTteme peabcopbunn
BOAbl cocTaBsisieT 15 M3KB/n, TO eCTb O4UEeHb HU3KOE ero BblesieHue.



O6cnepoBaHue 6021bHOIO
C rmnepkanavemMmumen

3aKJIloueHne o CNocCo6HOCTM Noyvek K BbigeneHnto K+ Mmoxxer 6bITb
cAeNlaHO Ha OLleHKe TPaHCTYbyNnsaApHOro rpaamMeHTa Kanus
(TTrK)

TTIrK = (K Mmoun/K cbiBopotkn)/ (ocM. MOUMN/OCM. CbIBOPOTKMH)

Ecnn TTIK <3, 1o otcytcrByeT 3ppeKkT anbaocrepoHa Ha
cobupartenbHble KaHaJ/blbl, TO €CTb OHU HeAOCTAaTO4YHO
BblAENAIOT KaJiun

Ecnn TTIK >7, 1o acppekT anbaocTepoHa NPUCYTCTBYET U NMOYKMU
6yaAyT ageKBaTHO BblAeNIATb KaJIMi B C/lydae ruvunepkaameMmm

1MoyeHkKa 3TOro Tecta Npou3BoAUTCH TOJIbKO NPU OCMOJNIAJZIbHOCTU MOUM,
npesBbilWalrowWwen OCMOJIAJIbHOCTb CbIBOPOTKM U KOHLEHTpauum

Na Mmouu > 20 M3KB/, TO eCTb AOCTAaTOYHOM €ro nocCTyrnJieHum

B AMCTaJibHbI cerMeHT HedppoHa



O6cnepoBaHue 60sbHOIO
C rmnepkKkaavemMmmem

KNnMHN4YeCKMM aHaIn3 KpoBm
- Hb, Ht - remonuns?
- N1enKo- n TpoMbounTos?

KOC, caxap kposwu, JIAI, MoueBasa kucnorta, ¢pocdart, AJIT, KOK
- remonuns, pabaomMmmosnins, NTM3NC oNyxonm

Koptnson
PeHVH n anbaoCTepoH

11-6eTa rmapokcunasa, 21-rmapokcusiasa




DKIMN-npm3sHaku rmnepkaavemMmumm

MoryT o6Hapy>xuBaTbcs y>xe npu ypoBHe K > 5,6 makB/n

NMpu3HakuM rmnepkaiveMmm

= BblCOKkMe 3ybubl T (OCTPOKOHEUYHbIe 3ybubl T
TOJIbKO Y KaXaoro 5-ro 6osnbHOro)

= yANnHeHue nHTtepBana PQ
= ywmpeHue koMmnnekca QPS
= ynsouweHue/ncyesHoseHue 3ybua P

Ha 3KI, m3aMeHeHHOM BCeaCcTBMe KapauasibHOM
naToJIorMm, eAMHCTBEHHbIM NPU3HAKOM rurnepkKaimemMmm

MoXeT 6biTb 6pagnkapans

Hepeako Bbipa>X@eHHOCTb U3MeHeHun Ha DKIr
HE KOppPEeJINPYET C TAXKECTbIO rmnepkasiimemMmmm



OAvnarHoctuka rmnepkaameMmmm

B peaknx cnydyasax — no KJIMHUYECKUM Npu3Hakam
(ocTaHOBKa cepauUa Y XPOHUYECKOro AMaJIM3HOro
60/21bHOrO0)

Mo nabopaTopHbLIM AAaHHbIM — ypoBeHb K B
CbIBOpPOTKe/nia3Mme KpoBm

dnekTpokapavorpadpuuyeckme npusHaku

YCTaHOBJ/IEHMUEe NMPUYUHDbI rMnepkanmemMmm (MOHO- UK
KOM6buHupoBaHHaa — npu CK® >15 Mmn/MuH.)

Fr'MnoanbAoCTEpOHM3M MOXeT 6biTb BepudpmunpoBaH
TOJZIbKO onpeaesieHueM YPpoBHA peHMHaA U anbAoCTepoHa
B NJia3Me KpoBM



OKIMN-npusHakm rmnepkaamneMmmm

Tall peaked
4 T wave

y\w

r’d
Loss of
Pwave
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Tall peaked
T wave

Widaned QRS
with tall T wave

K+
CbIBOPOTKN | OCHOBHblIe uaMmeHeHusa IKrI

(M3kB/n)

5,5 — 6,5 BbicOkue 3y6ubl T (II, III, V, )
B BUAe <«Llartpa>»

6,5-7,5 |noreps 3y6buaP

7,0 - 8,0 ywuupeHue komriekca QRS
nporpeccmBHoOe ylimpeHume
koMmnnekca QRS, sine wave,

80-10

KenyaodykoBbie aputMmn,
acucrTonusd




CepuunHbie nasmeHenun dKI y 6onbHoro ¢ XIiH
Nnpu KOppeKLuMn runepkaimeMmmm
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A. K* cbiBOpoTkM 9,3 M3KB/ N, OUMEeHb LWUMpPOKUue KkoMmnnekcbl QRS

B. K* cbiBOpoTkM 7,9 M3KkB/n, wumpokne komnnekcol QRS, Bbicokue
3y6ubl T, oTCcyTCTBME BOJIH P

B. K* cbiBOpoTKM 7,2 M3KB/Nn, koMmnsiekcbl QRS npoaomxkaroT cy»aTbces,
a 3y6ubl T yMeHbLUAOTCHA B pa3Mepe




CepunHbie nsmeHenun dKI y 6onbHoro XMH
npu KOppeKkuum rmnepkaameMmmm

-
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A. K* cbiBOpoTkM 8,4 M3KB/ N, )xenyaoukoBasa TaxuKkapaus

b. Ha dboHe KoppeKkuumn rmnepkKkasimeMmm — CyxeHme
KOMIUJIEKCOB, OCTPOKOHEYHbIe 3y6ubl T




N3MmeHeHua SKI npy rmnepkanvemMmumn
cpeaHeun CTeneHu TAXeCTHn

Vi v4 bonbHaa 63 ner,

| cTpaparowas caxapHbiM
AnaberoMm, nponycruna
ABa ceaHca remoavanmsa.

VS Na* cbiBopoTku 134

Ma3kB/n, K* 7,6 maks/n,

, 6ukapboHnaTt 17 mmonb/n,
KpeaTuHUH 757 MmMmonb/n.

OKI: oTrcyTtcTBUe BOJH P,
| Y3/10BOM PUTM, LULUPOKUN
, koMmnnekc QRS, Bbicokue

3y6ubl T B nepeagHunx
oTBeAeHMUsAX.

L ' JleueHue: aktpanupa 10 E[},
' | rnoko3a 50 mn 50% B/B,

remoamanins.

L& Lf




N3MmeHeHuna IKI npu T)Kenomn rmnepkaJimeMmmm

Vi V4
’\,J\/J\//\J (\I ) N
| |
V2 V5
V2 V5

V3 | V6 V3 Vé

A A A A

BonbHOM 83 nerT, SKCTPEHHO rocCnMTasiIM3aMpoBaHHbIA C ATPOreHHON rmnepKkaaneMmen
(nu3mnHonpun, aUrokcuH, auknodgeHak). K* coiBopotkm 9,3 mMakB/n, 6ukap6oHaTt 8 Mmonb/ n,
kKpeaTuHuH 800 Mmonb/n. SKI: oTrcyTtcTtBMe BONH P, ype3BblHaMHO YLWMPEHHbIA KOMMJIEKC
QRS, BbicOokue 3y6ubl T B nepeaHnx orBeaeHusx, Sine wave. Jleuenue: CaCl, 20 mn 10%,
akTtpanupg 10 E[], rnioko3a 50 mn 50% B/B, nasunkc 100 Mr. JletanbHbIA UCXOA.




Electrocardiographic
Changes of Hyperkalemin
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A. MonHbIN cepaeyHbIn 610K
npu HaJI0XXeHUU a-B PUCTynbl
42-neTHEen >XeHLUHnHe.

b. NMocne BBegeHna aoByx amnyn
rnroKoHaTa KaJibuusa:
K* = 8,6 makB/n.

YannHenue PQ, A-V 6nok 1 cT,,
OCTPOKOHEeuYHble 3ybubl T.

B. Mocne HopMmanusauum
YPOBHSA KaJina.

JEFFREY T. Kuvin, M.D.
New England Medical Center
Boston, MA 02111



BosibHble caxapHbiM gauabeToMm 0co0b60
npeapacnosiodXeHbl K rmnepKkajimeMmm

0 K* cbiBOpoTku >5 M3KB/n perucrtpupyerca y 15%
60/1bHbIX, >5,4%0 — y 4% 60/bHbIX (Jarman, 1995)

0 TMpWYNHDBbI BbICOKOM HYaCTOTbl rMNEepKainemMmm
npuv caxapHoMm agmabere

aneTbl 6eaHbl HaTpueM M 6oraTtbl Kanmem
BbICOKaA yacTtoTta HedponaTtmm

BbiICOKaA 4aCTOoTa rMnopeHnHeMmn4yeckoro
rmnoanbagoCcrepoHnma

LMpokoe npumMmeHeHme MAIMN® v 6sK10kaTopoB peuenTopos
AQHrMOTeH3MHa

MHCYJIMHOBaA HEAOCTATOYHOCTb



NMPN4YNHDbI TMNEPKAJIMEMAN

NceBaornnepkaamemMmus
N36bITOYHOE NOCTYIJIeHUe Kasims B OpraHu3sm

YMeHblLueHMe BblAesIieHUA KaJiMsa NouykamMum

NepepacnpeneneHve M3 BHYyTpu-
BO BHEKJIeTOYHOEe NMpPOCTPaHCTBO

KoOM6MHMpPOBaHHbIE NMPUUYUNHDI



NMPN4YNHDbI TMNEPKAJIMEMAN

NceBaornnepkaamemMmus
N36bITOYHOE NOCTYIJIeHUe Kasims B OpraHu3sm

YMeHblLueHMe BblAesIieHUA KaJiMsa NouykamMum

NepepacnpeneneHve M3 BHYyTpu-
BO BHEKJIeTOYHOEe NMpPOCTPaHCTBO

KoOM6MHMpPOBaHHbIE NMPUUYUNHDI



NCEBAOIMMNEPKAJIMEMUA

Hartmann RC, Mellinkoff SM. Relationship of platelets to
serum potassium concentration. J Clin Invest 1955;34:938.

HenpaBunbHbiK 3a60p kKpoBMu (NNOKasibHaNA
MbilleYHasa Harpy3ka, reMmonaums* npu
3abope nnm o6paborTke o6pasua KpoBM,
nccrnenoBaHue no3s3xe 1 yaca nocne
3abopa kpoBmu)

YBeJsimyeHHoe coaep)KaHue B KpoBM
nenkoumnToB (> 70 TbIC.) nnm

TpoMmbounutoB (> 1 MNIH.) — 0cBO6OXXAEHue Kanus
npu arperaumm v gerpaHynsauymm tpoméboumntoB

JlTabopaTtopHasa owunbka

* He cneoyem 3a0vi6amv 0 603M0OMCHOCMU 2emonu3a in vivo!



Extreme Hyperkalemia in Munchausen-by-Proxy Syndrome
NEGM 1999, 340:1293-1294

TABLE 1. BIOCHEMICAL VALUES IN A GIRL WITH M UNCHAUSEN-BY-PROXY SYNDROME.

SouRrce MEeTHOD OF

SAMPLE oF BLoop TRANSPORT TO SERUM SerRum SERUM
No. Day Time SampLe  LaeorATORY HemATtOocRm  Sobium Potassium  CREATININE
% mmol/liter mg/dl*
1 1 500 pm. Girl By girl’s mother 25 144 10.6 12.7
2 1 550 pm. Girl By girl’s mother 25 138 10.3 12.0
3 1 9:00 pm. Girl By girl’s mother 23 158 12.0 15.0
-+ 2 12:15am. Girl By hospital staft 30 139 4.3 0.5
5 2  1:20am. Boy By hospital staft 34 140 4.0 0.7
6 2 1:30 am. Boy By girl’s mother 30 136 17.0 20.0
71 3 10:00 am. Girl By hospital staft — 151 128 13.6

*To convert values for serum creatinine to micromoles per liter, multiply by 88.4.

TA scrum sample from the girl was diluted with urine from a normal subject.




NMPN4YNHDbI TMNEPKAJIMEMAN

NceBaornnepkaamemMmus
N36bITOYHOE NOCTYIJIeHUne Kasims B OpraHusm

YMeHblLueHMe BblAesIieHUA KaJiMsa NouykamMum

NepepacnpeneneHve M3 BHYyTpu-
BO BHEKJIeTOYHOEe NMpPOCTPaHCTBO

KoOM6MHMpPOBaHHbIE NMPUUYUNHDI



Ilpuyunsvt cunepkanruemuu

U3BbITOYHOE NOCTYINJIEHUE KAJINSA
B OPFAHU3M

O He 6biBaeT nsonmMpoBaHHOWN NPUUYNHOMN
rmnepkaameMmm

0 VY 340p0OBOro 4esioBeka AaXe rnapeHrtepasibHoe
BBeaeHue 60 M3KB/4Y B TeueHUEe HEeCKOJIbKUX
4YacoB CONpPOBOXXAAETCA TOJIbKO HebonbLwnm
noBbilueHneMm K* B kpoBu — opraHmsm
oTBevaeT 6bICTPbIM BXOAOM KaJZIUSl B KJIETKM
M YBeJIMYEeHUEM BbleJIeHUsA C MOUYOMU

0O W36bITO4YHOE NOCTYMJIEHUE KaJiIusl ONacHO TOJIbKO Npu
noyeyHoi HeAOCTAaTOUYHOCTU UJIM  HeAOCTAaTOUYHOCTU
MexXaHU3MOB rnepeMelLleHus

K* me>xay BHe- U BHYTPUK/IETOUYHbIM
NPOCTPaHCTBAMMU




Ilpuyunsvt cunepkanruemuu

anI‘-IMHbI rmnepkKkainemMmmn, BbiasaHHbIE
nocrtymnjieHnem KaJima B opraHmsam

O BBepeHue X21I0pUCTOro Kanuvsa B/ B UIN per os
O TMpuemM nekapcrTB, coaep Xalimx Kanmm

0O MepenuBaHMe KPOBU WJIN 3PUTPOLIUTAPHON MAcCChbI
C ANUTE/NIbHbIM CPOKOM XpPaHEHUSA

O MNpuMmeHeHue 3aMeHuTeNen NoBapeHHON CoNum
O Tleodarms

O WM36bITOK NnuweBoro kanma (npu XIMH)




CpeacrBa, cnoco6Hble Bbi3BaTb rMnepkKkaJimeMmio

NMuuieBble U TpaBsAHbIE
no6aBku

1 Mosiouam (TpaBbl C MJIEYHbIM
COKOM)

1 Aroabl 60sApbILLHMKA
1 cMbupckum ginseng

1 nnnna gonuHbobl lily of the
valley

1 dried toad skin (Bufo,
Chan’su, Senso)

KanuesBble nob6aBky, OCco06eHHO Npu CHUIKEHHOM
3aMeHUTeNIn CoNum (YHKLUMMN Nnovek

6aHaHbl, melon,
anesbCUHOBbIN COK




JlekapcTBeHHbIe cpeacTBa,
CNocobHble Bbi3BaTb rMnepkKaJineMuio

Kanuin-coxpaHsaowme anypeTmku
1 amunopua (Mmagamop)
1 TPpnamtepeH (AMpeHnymMm)

CHMXKAIOT ceKpeLuuio Kasausa nytem
YMEHbLUEHUNA rpagmeHTa
3JIEKTPUYECKOro noteHymana
MeXAy BHEeKJ1IeTOYHbIM
NPOCTPAHCTBOM U NOYEYHbIM
KaHanbueM, obecneuuBarouiero
BbIXO[ KaJIUSA U3 KJIETKM

TpuMmetonpuMm (nNposionpmmMm) u
neHtamMmuauH (nedtam 300)

CHMOKAIOT 3/1IeKTPUUYECKUU
noTeHunan Mexxay BHYTPUKIEeTou-
HbIM NMPOCTPAHCTBOM U NOYEYHbIM
KaHa/bLleM, YTO NPpUBOAUT K
BbIXOAY KaJZIUl U3 KJIE€TKM

CykumHunxonuH (Anectine)

YBeNIM4YnBaloT HUKOTUHOBbDbIE

aUleTUJIXOJZIMHOBbIE peLenTopbl
B TPAaBMUPOBAHHOMW CKeJIEeTHOM
Myckynatype (TpaBMbl, 0)XKOrum)




NMPN4YNHDbI TMNEPKAJIMEMAN

NceBaornnepkaamemMmus
N36bITOYHOE NOCTYIJIeHUe Kasims B OpraHu3sm

YMeHblLueHMe BblAesIeHUA KaJZIusa NoYyKkamMum

NepepacnpeneneHve M3 BHYyTpu-
BO BHEKJIeTOYHOEe NMpPOCTPaHCTBO

KoOM6MHMpPOBaHHbIE NMPUUYUNHDI



CHWMW)XEHUE BbIAEJIEHUA
KAJINA NOYKAMU - CAMASA HACTAA
NMPUHYNHA TMNEPKAJIMEMWN



Hpu‘luﬂbl cunepkaiuemuu

YMEHbLUEHUE BbIAEJTEHUA KAJINA MOYKAMU

O Onurypuueckasn ctagusa OINH

O

XpoHunueckas noyevyHass HeAOCTaTO4YHOCTb (CK® <15 mn/MuH.)

O MwuHepanokopTukonaHasa HeAOCTAaTOYHOCTb
60ne3Hb ARANCOHA, aAPEHANISKTOMUSA, NTMNO0aNIbAOCTEPOHN3M
(rmnopeHnHeMMnYeCcKnM, IeKapCTBEHHbIN, BPOXXAEHHbIN)

O TlNMceBaormnoanbAoOCTEpPOHU3M C NpokcuManbHbIM MKA,
yyBCTBUTENbHbIN K AAI

O TNepBuYHbIE (cuHapoMm FopaoHa v apyrue) n NnpmobpeTteHHble
nedekTbl cekpeumm Kaamsa B ANCTAaZIbHOM KaHanbLue

O JiekapcTBeHHbIE€ NMPUYUHDbI (KasiMincoxpaHaLWMe ANYPETUKN U
QHTAaroHMUCTbI aJIbAOCTEPOHA, TPMMETONPUM, NEeHTaMUANH)

O TI<'mnepkaniMeMUMUYeCKUM rmnepxjopeMmyeckum AMCTajibHbiU
NMNKA (IV tTvna)

O [AdeduuunTt HaTpus B opraHMaMe, AMeTa C HU3KUM coAep>XaHueM
HaTpusa




0 Onurypunuyeckasa ctragusa OINH




o XpoHu4yeckasa noyeyHas
HeAOCTaTO4YHOCTb




0 MuHepanoKkopTukonaHasa HeaQOCTAaTOYHOCTb

= 6onesHb AaAnCoOHa, Tybepkynes nnm nHpapkr
Haano4Ye4yHMKa

= ABYCTOPOHHAas aApeHasIaKToOMuUA

= rMnoanbgoCcrepoHu3Mm (rMnopeHNHEMHNUYECKUN,
JieKapCTBeHHbIN, aedeKT CMHTe3a aJibAOoCTEPOHA)




o MceBpgormnoanbaAoCTEPOHU3M
C npokcuMmanbHbIM NMNKA, 4yBCTBUTENIbHbIN K
AATr




0 MNMepBuuHble aedekTbl ceKpeuumn Kasima B
AUCTaJIbHOM KaHanble




0 KanuicoxpaHsawLwme AMYPETUKN U
AHTAaroHUCTbl aN1IbAOCTEPOHA




JlekapcTBeHHbIle cpeacTBa,
Crnocob6Hble Bbi3BaTb rMnepKainemMumio




TOPMOXEHWE PAAC

(P€HMH, aHM'MOTEH3UH-aN1bAOCTEPOH)



JlekapcTBeHHbIe cpeacTBa,

CNnocobHble Bbi3BaThb rmnepkKkaainemMmumio
(CcHMXXeHune ypoOBHSI peHMHA)

HecTtepougHbie
NpoTUBOBOCNAJINTENIbHbIE
cpeacTBa

N ceneKkTnBHbIE — UHIIMBGUTOPDI
LLIMKJIOOKCUIreHasbl-2

CHwXXaloT npoayKLUUIO
npocrariaHAUHOB, YTO
NPMBOAMUT K CHUXKEHMIO
KpPOBOTOKa uepes
adpdepeHTYyIIO apTepmony m TemM
CaMbIM NOAABNSAIOT CUHTE3
PEHUHA N ceKkpeuuto
asibAoCTepoHa




JlekapcTBeHHbIe CpeacTBa,

Crnocob6Hble Bbi3BaTb rMnepKajiveMmio
(CHM>xeHue ypoBHS anbAoCTEepPoOHa)

LimknocnopvH
(caHagMMMYH)

Takponumyc (nporpad)

NMopnaBnsaoT ocBO6OXKAEHMeE
PEHUHA, YTO NPUBOAMT K
CHMXXEHMUIO CUHTEe3a
aNIbAOCTEPOHA U CHNIKEHMIO
CeKpeuum Kanumsa B
cobupartenbHbIX NPOTOKAX




JlekapCcTBeHHbIe cpeacTBa,

CNnocob6Hble Bbi3BaThb rmnepkKkainemMmumio
(cHMXKeHue YPOBHSA anbAoCTEpPOoOHa)

fenapuvHbI Bbi3bIBalOT runepkKajinemMmio
Yy 60J1bHbIX CO CHN>XEHHOMU
c¢yHKLMEN NoYeK — TOPMO3AT
CUHTE3 a/ZibaoCTepoHa B

HagnodyeyHukax

UHrimbuTtopsbl AlNOD CHMXKAIOT CMHTE3 aNbAoCTEepPoOHa

1 KanTonpun

1 SHaNanpun MAI peuenTopoB MeHee aKTUBHbI B

Pa3BUTUUN TMNEpPpKaIneMmmm

bnokaTtopbl peLyenTopoB
aHrmoteHsuHa l 'MnepkanueMma MoxXeTt 6bITb
1 KaHAecapTaH YMEéHbLlE€Ha O AHOBpPEMEHHDbIM
npMeMoM ANYpPETUKOB




JlekapcTBeHHbIe cpeacTBa,

Crnocob6Hble Bbi3BaTb rMnepKajiveMmio
(TopMoXkeHue adpdekTa anbaocTepoHa)

CNMpOHONIAKTOH TopMO3UT cBfiI3biBaHue
1 aNIbAAKTOH anbAoCTepoHa C peuenTopamMmm
B NOYeYHbIX KaHaNbLaX

DTUHUN AHanor CNMPOHOJIAKTOHA
acTpaavon/apoCcrnMpeHoH

(Yasmin)

SnNpeHoH Bnokupyer cBsisbilBaHue
1 UHCNpa aJibAoOCTEpPOHa C

MMUHEPaNIOKOPTUKOUAHbIMU
peuenTopamMm




JlekapcTBeHHbIe CpeacTBa,

Crnocob6Hble Bbi3BaTb rMnepKajiveMmio
(CHM>xeHue ypoBHS anbAoCTEepPoOHa)

Azole npotuBornbkosBbie

TOPpMO3AT CMUHTE3 CTepouaoB
HaaAno4Ye4yHUKa, UTO MOXKeT
BECTU K CHUXKEHUIO CUHTEe3a
aJibAOCTepoHa

Fluoride toxicity

CHM)KaeT CMHTE3 a/fibAOCTEpPOHA,
Habnropaercs
npeMMyLlecCTBeHHO Y ANaJIN3HbIX
60/1bHbIX, KOTOPbIE NbIOT BOAY C
BbICOKMM copaep xaHueM Fluoride




lel‘lllel cunepkaiuemuu

KanmncoxpaHswouwue anypetnkm mn mAlno (6PA1)

Oco6eHHO onacHO oaAHOBpEeMeHHoe npmMmeHeHune nAlod
(vwnmn 6PA,) BMecTe C BEpOLINUPOHOM.

daKToOpaMmn pucKa ONacHOM rmnepkKaJmeMmm ABJAIOTCA:
NO>XWJIOW BO3pacCT, A03a BepownupoHa >25 Mr/cyr,
CHM)XEeHHaA PYyHKLUMA NoYeK U caxapHbin avaber 2 Tuna.

Y 3TuX 60/21bHbIX HAAO 4YacTo onpeaensiTb KOHUEeHTpauuio
K* B cCbIBOpOTKE, @ .03y BEPOLUNMUPOHA OrpaHNYnNTDb
B 25 Mr exxeqHeBHO UM Yepe3 AeHb.

OnacHafa rmnepkKkaimeMusa MOXXeT BO3HUKAaTb U Npyu ypOBHEe
CK®, paccuntaHHou no popmyne Cockroft—-Gault, paBHom
<0,22 mMmonb/n.



0 MOYeYHbIM KaHanbLeBbin aumao3 IV Tvna
(rmnepkanneMunyeckKkum
rmnepxJopeMmyeckmm aUcrasibHbin)

Q nceBAo aJibAO....uu::s

o 6onesHb AaauUcCoHa, aecpvumnTt 21-rmapokKcunasbl,
aApeHaNIdKTOMUUN, UH(PaAPKTblI HAaANOYEYHMKaA)



CeMmeMHas rmnepkKaimemMmmnyeckKkand runepreHams
(FHHt)

Paver W, Pauline G: Hypertension and hyperpotassaemia without renal disease in a young
male. Med J Aust 2:305-306, 1964

Arnold JE, Healy JK: Hyperkalemia, hypertension and systemic acidosis without renal failure
associated with a tubular defect in potassium excretion. Am J Med 47: 461-472, 1969

nnm cmHapoMm NopaoHa

Gordon RD: The syndrome of hypertension and hyperkalemia with normal
glomerular filtration rate: Gordon’s syndrome. Aust N Z J Med 16: 183—-184, 1986

UJin ncesgormnoanbaoCrepoHmam 2-ro Tuna

Schambelan M, Sebastian A, Rector FJ: Mineralocorticoidresistant renal hyperkalemia

without salt wasting (type II pseudohypoaldosteronism): Role of increased renal chloride
reabsorption. Kidney Int 19: 716-727, 1981

— peakan Bpo)xAaeHHas ¢bopMa HU3KOPEHMHOBOW apTepu-
aNbHOM rMnepTeH3un, acCCoLMMpOBaAHHON C rMNepKanue-

MMEN U rmnepxaopeMmyeckum Mmetabonanyeckmm aumaosom
npu coxpaHHon CK®(OMIM no. 145260).



CvHapoMm lNopaoHa
(ncespornnoanbaoCTepoHM3M 2-ro TMNa,
ceMenHada rmnepkKasimeMmyeckKkas runepreHsmnsa)

e Peakas popMma apTepuasibHOU rMneprTeH3nm o0
e AYTOCOMHO-AOMMHaHTHas nepeaaya .'J'::ij'.
e N'mnepkanneMus HeCMOTpPA Ha HOpManbHYIO CK® —

¢ MeTabonunuyeckmm aumaos C runepxsopeMmumen

¢ HM3KMN peHUH nna3Mbl, HOPpMaJZibHbIWU/HU3KNN aNnbAOCTEPOH
e BbiCOKasi YHyBCTBUTEJIbHOCTb K TUA3MAHbIM ANypeTuKam

e BO3MOXHbI pa3J/inyHbie HapyweHna (KOPOTKMN pPOCT,

aHoManum 3y60B, KanbUunypma m ap.)
e BapnabenbHOCTb NPpU3HAKOB B 3aBMCUMOCTM OT (pbeHOTMNA




deHOTUNNYECKAa reTeporeHHoCTb cumHapoma NopaoHa

(nceBaorMnoanbaoCTepoHU3M 2-ro TMna,
ceMeMHasa rmnepkKaJineMmyeckan rmnepreH3susa)

e

e Bapuauuu B ypoBHE apTepuasibHOIro AaBJIeHUsA @ ¢ C
(oT HOpManbHOro A0 TSXKEJSIOU apTepuasibHOM § ol
rMnepTeH3nmn) Ooe

e Bapuauumn B Bbipa>X€HHOCTU 3JIEKTPOJIMTHbIX HapyLeHUn
e Bapuauum B acCCOLMUPOBAHHbIX HapyweHusax (Kasabunypun)

e Bapumauuum B reHeTMYeCcKkom nepepave (AOMMHAHTHaNA,
peueccuBHan?)









feHeTMYEeCKMN aHaIu3 ceMeunHoOu cuHapomMma NopaoHa
o6Hapy>xun MytTaumm AByX reHOB U nNpmBes1 K HOBOM
ceMmbe kmHa3 - WNK family.

"YTb nOKyc Nokann- NeH CCblJiKa

™MnN
nepepauu 3auuns

Wilson et al.

FHHt1 | pomuHaHTHBIN | PHA2C | 12p13.3 | WNK1 (2001)

Wilson et al.

FHHt2 | pomuHaHTHbIN | PHA2B | 1721 | WNK4 (2001)

Mansfield et al.

FHHt3 | nomnHaHTHbIKN | PHA2A | 1q31-42 ? (1997)

Disse-Nicodeme

FHHt4 | poMmnHanTHbIN | PHA2D ?? z et al. (2001)




0 [AueTa c HU3KUM copepr>XaHueM HaTpus




NMPN4YNHDbI TMNEPKAJIMEMAN

NceBaornnepkaamemMmus
N36bITOYHOE NOCTYIJIeHUe Kasims B OpraHu3sm

YMeHblLueHMe BblAesIieHUA KaJiMsa NouykamMum

NepepacnpeneneHve M3 BHyYyTpu-
BO BHEeKJIeTOYHOEe NMpPOCTPaHCTBO

KoOM6MHMpPOBaHHbIE NMPUUYUNHDI



NepemeweHue K us knertok
BO BHEKJIeTO4YHOEe NMPOCTPaHCTBO
peako 6biBaeT eANHCTBEHHOMU
NPUYMHOU rMnepKasmeMmm



Hpu‘lqul cunokKkaiuemuu

NMEPEPACNPEAENIEHUE KAJINA U3 BHYTPU-
BO BHEKJIETOYHHOE NMPOCTPAHCTBO

O OcTpbin aunpos (MeTabonnueckmMm n pecnmpaTopHbin)

O MoBpexxaeHMe TKaHeun (Hekpo3 — TpaBMa, pab6aoMMONN3, 0XKOrK,
reMoJsins, oCTpbi NaHKpPeaTUT, OCTPbIA HEKPO3 NeYeHNn; aHOKCHUSA
TKaHeW Npu LWLOoKe; pacnag onyxoJsieBoM TKaHU — XMMuoTepanus
nnMmdomMm, IenkeMnn, MMeJioMbl)

O

BenkoBbiM kKaTabonnam (nmxopaaka, uHdekunn, HenevyeHasn
Anabernuyeckas KOMa, Tsaxenasa pusnyeckas Harpyska, >Xenyao4yHo-
KMLEeYHbIe KpOBOTEeYeHMUN )

ANKOrosbHass MHTOKCUKaUua
OednumnT MHCYIMHA NN NHCYJIMHOPE3UCTEHTHOCTDb
CeMenHbIN NnepnoanYecKkmMin rmnepkaimeMmyecKkmmm napanumy

Fr'MnepocMoisipHble COCTOSSHUA MJ1a3Mbl

OO0 00O

BnvsaHune nekapCcrtBeHHbIX CPeACTB (MHTOKCUMKALMA AUrMTaJIMCOM,
BBeAEeHMe rmnepToHMYeCcKux p-poB B/B, AaenonsipusyloLwjme
MUOpesiaKkCaHTbl, B2- n HeceNleKTUBHbIe B-aapeHobnokaTopbl,
anbda-aapeHOCTUMYNATOPbI, MH(PY3NA aprmHUHa v Ap.)




CHMNXEHVE AKTUBHOCTHM
Na-K ATdPa3bl



JlekapcTBeHHble cpeacTBa,
CNoCcob6HblIe Bbi3BaTb rmMnepKasimeMmio

Beta-6n10KkaTopbl CHMXXaOT aKTUBHOCTDb
K-Na AT®-a3bl

CepaeydHblie
rnnko3uabl (Npu nx
TOKCUYECKOM
KOHUEeHTpauun)

TpaBbl C AUrnTasauc-
noao6HbIM 3(peKTOM




JlekapcTBeHHble cpeacTBa, CNocobHble Bbi3BaTb
rmnepKasimeMmio BbiIXoAOM KaJIusl U3 KJ1eTOK

PacTBOpbl aMUHOKMUCNOT

1 IN3UH
1 QpruHUH
1 SNCUJIOH-aMUHOKaNpoHoBas K-Ta

BxoaaT B K1IeTKY B O6MeH Ha MOoH
Kanus

NH(Yy3na pacTBOpPOB IJ1IIOKO3bl
mnn anepmyumT MHCYJIMHA

PasButue rmnepTtoHNYHOCTU CTUMY-
NINpyeT BbIXoA KaJiua U3 KNeTok

F'MnepkasimeMms MOXXeT pa3BUTbCSH
NPy NOCTOAAHHOW MHQY3UMN FNMIOKO3bl
WJn Npyv BBeAEHUN N’MnNepTOHNUYHbIX
eé pacTBOpOB

Mo>xeT pa3BUTbCSA U NPU BBeA€HUM
APYrux pacTtBOpoOB - MaHHMUTONA

NMeHnuunnnuH G — KanueBas
CONb

Mo>keT Bbi3bliBaTb rmnepKasimeMmio
y 6onbHbIX € XIH

dpuTpouuTapHasa Macca

NMpn Hannumm remonusa -
ocBob6oXxaeHue Kanus




NMPN4YNHDbI TMNEPKAJIMEMAN

NceBaornnepkaamemMmus
N36bITOYHOE NOCTYIJIeHUe Kasims B OpraHu3sm

YMeHblLueHMe BblAesIieHUA KaJiMsa NouykamMum

NepepacnpeneneHve M3 BHYyTpu-
BO BHEKJIeTOYHOEe NMpPOCTPaHCTBO

KoOM6MHMpPOBaHHbIE NMPUUYUNHDI



KOPPEKUUA TMNEPKAJTIUEMAUN

Koppekuusa rmnepkaaneMmm obsisatesibHa:

® Npu Hannuum nabopartopHbix AaHHbIX (Npm 6,5 M3kB/n),
He3aBUcuMo oT IKI-aaHHbIX

e Nnpu Hannuum IKIMr-npnsHakoB runepKkajivemMmm

® NpM COOTBETCTBYHOLLEN KZIMHUKe (Hanp., Npy OCTaHOBKE
cepaua y AManmnsHoro 6osabHOro)




Crtpaternsa neyeHums 60osbHOro
C rmnepkKkasameMumen

1. OueHUTb TSXXeCTb rMnepKasimeMmm, To eCtb €e€ NoTeHL M-
aJiIbHYIO TOKCMYHOCTb — HAaCKOJIbKO OHa onacHa gns
XXUN3HU 60onbHOro (3KI, npuaHaky KapAMOTOKCUYHOCTH)
M ctTabunnusupoBaTtb KJiIeTO4YHble MeMbpaHbl — NPOTUBO-
AeNCTBOBaTb AENCTBUIO KaJIUA Ha KJIETOYHOM YPOBHe
(B/B BBECTM KanbLUnMn)

YMEeHbLNTDb nocrtyniaeHmne KaJima B opraHuam
CTVIMynMpOBaTb nepemMmelieHmne KaJima BHYTpPb KJNETOK
Yaanutb U3JINLWLKU KaJiMa u3 opraHnma

R

Onpeaenutb NPUYNHY rMnepkKkaJimeMmMm n npeaynpeauTb
NOBTOPHbIE 3NU30A4bl TMNEepKaJiMeMumn

11l ArpeccCMBHOCTb TEpanNuUM A0JIXKHA onpeaensitbCcsa 6bICTPOTOM
Pa3BUTUA MrMMNepKasmeMmm, eé€ KJIMHUNYECKMMMU NPOSABJIGHUSIMMU
(KapAMOTOKCUYHOCTbIO) U YPOBHEM B CbIBOPOTKE KPOBM




3" b= 5 Ot

STanbl 1eyeHusa 60NbHOrIO
C rmnepkKkasameMumen

OuUueHnTb TSXXeCTb rmnepkKkasimemMmm, To ecTtb eé
NOTEHUMANIbHYIO TOKCUYHOCTb — ONMACHOCTb AJIA XXU3HMU
6onbHOro (3KI, npMsHaky KapaANOTOKCUYHOCTU) U
ctabunusnpoBaTtb K1eTouHble MeMbpaHbl —
npPOTUBOAENCTBOBAaTb AEMUCTBUIO KaJIMA HA KJIETOYHOM
vypoBHe (B/B BBECTU KaJibLiMin)

YMEeHbLWUTb NOCTYyMJ/IEHUe KaJiuss B OpraHm3m
CTMuMynunpoBaTb NepeMelleHne KaJiua BHYTPb KJ1ETOK
YAannTb U3NIMLLKKW KaiMa U3 opraHM3aMma

OnpeapenuTb NPUYNHY rMnepkKkaJimeMmMn n npeaynpeauTb
NOBTOPHbIE 3NMU30A4bl TMNEepKaJimMeMumn



STanbl 1eyeHusa 60NbHOrIO
C rmnepkKkasameMumen

I. OueHunTb, O6nagaer M rmnepkaineMms TEM YPOBHEM
TOKCUYHOCTU, KOTOPbIX onaceH ANA XXU3Hu 60s1bHOro

A. BoinonHuTtb IKI, N0 o4eHKe KOTOPOU M
onpeaenuTb cteneHb KapAMOTOKCUYHOCTM.

b. Echv nocnegHsan oyeBnaHa, TO BBeCTu B/B
KaJibLMK

B. Npun apyrmx AsBHO ONAaCHbIX KJINMHUYECKUX
npuUsHakKax rmnepkKajmeMmm nydyuie KaabLuun BBeCTH,
HeXxesin He BBOAUTDb



STanbl 1eyeHusa 60NbHOrIO
C rmnepkKkasameMumen

II. Onpeaenntb NCTOYHUKM NOCTYIMNJIEHUA KaJiIMA B
OpraHmM3M U nNpekKkpaTtTuTtb/yYMEHbLUTb UX

A. lNpekpaTuUTb NepopasibHOE U NapeHTepaJsibHOe
BBeleHUe KaJimn-cogepiawmx npoaykKToB

b. N3ameHnTb AMeTy Ao low-potassium tube feed or a
2-g potassium ad-lib diet.




CrvumynupoBaTtb nepemMmewjeHue K*
BHYTPb KJIETOK

A. NHdy3mna rnrokKo3sbl U MHCY/IMHA (BBeaeHne oaHOM
rnroKo3bl HeaddekTnuBHo!). Havyano sdpdekra yepes
20-30 MUMH., annTenbHOCTb 2-6 yac. AAns
npoaosHkawuwerocs adpdekra Heobxoanmo
NPoOJIOHrMpOBaHHOE BBeAEeHMUe IMIoK030-coaepirKawmx
pacTBOpoOB. M3MepATb YPOBEHDb I1IOKO3bl U Kanus
cnenyeT Ka)Xkable 2 yaca.

A. lNpekpaTuUTb NepopasibHOE U NapeHTepasibHOe
BBeleHue KaJimn-coaepikalmx npoayKrToB

b. N3amMmeHnTb AMeTy Ao low-potassium tube feed or a
2-g potassium ad-lib diet.



CrvumynupoBaTtb nepemMmewjeHue K*
BHYTPb KJIETOK

Bb. Koppuruposatb Mmetabonmnuyeckmm aumaos
BBeAeHneM bukap6oHaTa HaTpusa. OTOT
TepaneBTUYECKUUN noaxon MmeHee 3pcdheKTUBEeH U
MeHee npeackasyeM B HaCTU NMMNoKasimeMn4yecKoro
OTBEeTa BC/ieACTBMeE pa3/inumsa BaAMSHUApPasHbiX popM
MeTabonmueckoro aumaosa Ha YpoBeHb Kasus
CbIBOPOTKM KPOBM.

9T0 0cobeHHO nposiBnserca y 6onbHbiX ¢ XIMNH. TeM He
MeHee, ecsim aumaos TAXXenblii, BBeaeHue
6ukap6oHaTta abconloTHO NOKa3aHo.

BBeaeHne 6ukap6boHarta npu HopMasibHOM ypoBHe pH



CrvumynupoBaTtb nepemMmewjeHue K*
BHYTPb KJIETOK

B. 6eTa-apapeHaprnyeckme aroHucTbl 3(dpPpeKTUBHbI, HO UX
npuMeHeHune 6osiee NPpOTUBOPEUYUBO U MOXKET UMETb
no6ouHble 3PP eKThI.

B CLUA B ocHOBHOM npumeHsietcsa nebulized anbbytepon.
[o3a, KoTopasa NPUMMEHSETCA AN KOPppPeKUUU rmnepKaimeMmm
— 10 Mr — Bblwe A03bl, NTPUMEHSAEMOMN ANA JIeYeHUS
6poHxocna3sMa u Tpebyert yyacTtusa tepaneBTa-6poHxosiora.
OTa Tepanusa Bbicokod3dPpekTnBHa u preferred over alkali
therapy y 6onbHbIX ¢ XIH.

napeHTepasibHbiI U3ONPOTEPEHOJ1 UIM aNibbyTepon TakXke
CHMXKAIOT Kanmn. OAHaKO, N30NpoTepeHoOo’1 UCNOoJIb3yeTCH
peako, a napeHTepanbHbIN anbbyTtepon He pa3peweH B CLUA.
HekoTopbie aBTOpPbI COO6LAOT 0 Taxukapanm m auckomdopre
B rPYAHOM KJ1IeTKe nNpu npuMeHeHun 6erta-aroHMcrTos B
JIeYeHUU r’mnepKaineMumm.

Heob6xoanmo npekpatutb npueM/BBeaeHne bera-
aapeHo610KaToOpPOB.



IV. YBenindyeHMme BbiaeneHnsa Kanaumsa

[acCTpOMHTECTUHAaNIbHbIE BbiAeJIeHUA MOryT 6bITb YBeJZINYeHbl
MCNoJZib30BaHMEM KaTUOHHOO6MeHHbIx cMmon - Kayexalate.

Kayexalate Mo>xeT Ha3HauaTbCA NepopasibHO UK
PEeKTaJIbHO Kak enema. NMNocKoJ/ibKy OCHOBHOE MecCTO
AEeVCTBUSA TOJICTas KULLUKA, TO peKTaJibHOe BBeAeHue
npeanoyuTUTEeNbHO.

DdPpdeKTUBHOCTb BO3pacTaeT, ec/iv enema Moxert retained
for an hour.

NMoBTOpHbIE enemas MOryT NPpMMEeHATbCA, HO u3peaka
Bbi3bIBalOT Nepdopaumio TOJICTOroO KMLWEeYHUKa.

Hauano adpdekTa - within 2 yaca n gantca gonro. Kanmn
CbIBOPOTKM MOXXET CHU3UTbCA Ha 2 M3KB/a1 OT O4HOM enema.

Kayexalate, HasHayaeMbin NnepopasibHO, TaKXe
acpPpekTnBeH, ecnm suspended B 70% copburtone.



IV. YBenunuuTb BbiaesieHue Kaivsa U3
opraHu3Mma

1. TMpwn coxpaHHON (PYHKLMM NOYEK BbiAeJ/IEHNE KaJiua NIerko
yBeNnnunTtb B/B BBeAeHueM (pm3nosiorm4eckoro pacrtesopa c
nernesbiMu anypertnkamm (pypocemup)

2. TMNpekpaTuTb NpUeM JieKapCcTB, CHMXalLWnX BbiaeneHue
Kanusa — KaJImMn-coxpaHsamwowmx auyperumkos, MAMNO®, 6n-
Peu4AHr v Ap. NeKapcTB, TOPMO3ALLMNX BbiAeJieHUue Kasima C
MOuYOM

3. MoHuTOopupoBaTb 06BEMHbIN CTAaTyC M NoAAEP>XUBATb
3YyBOJZIEMUIO

4. Ha3zHauUuMTb aHaNOrM anbAoCTepoHa
(9-a dnrwopornapokopTtnsoH auerart — Florinef, oco6eHHO
apPpekTnBeH Npm rMNOPEHNHEMUN U
rmnoanbaoCTEPOHEMUN)

5. HeoTno>HbI Aananus




IV. YBenunuuTb BbiaesieHue Kaivsa U3
opraHu3Mma

0 5. HeoTnoXxHbin Ananms — nocneaHnm merton Anst 60NbHbIX C
NOTEHLUMaNbHO JiIeTaJibHOU rMnNepKasimeMmen, KoTtopbie He
OTBEYaloT HA MUHTEHCUBHYIO KOHCEpPBaTUBHYIO TEpanuio, B
nepBylo ouepeab Aana Haxoasawmxca B XIH.

0 MoAarortoBKa K AManniy, Kak npaBuio, TpebyeTt Kakoro-1o
BpeMeHU — HECKOJIbKUX YacoB, MO3TOMY flake ecniv Ananus
contemplated, nepBoouyepeaHbIM ABNSETCA BbINOJIHEHUE
YKa3aHHbIX Bbilue MEeponpuaTUN.



V. Xupyprunuyeckoe nocobme peako
6biBaeT HY)XHbIM

BonbHble ¢ MeTabonnyeckmMm aumMao3oMm M consequent
rmnepkajimeMmen Bcneacreme NieMmMUYecKoro KmedyHumka
obviously TpebyroT exploration.

BonbHbIE C rMNepKaaveMmen Bcneacreme pabagommonunsa
MOryT HY>KAATbCA B XMpypruueckom aekomnpeccum swollen
MLLEeMUYECKUX MbILUEYHbIX NMPOCTPAHCTB.

BonbHble 6e3 TepMuHanbHon ctagum XIMH, koTtopbie
TpebyroT remoananusa ANA KOHTPONA rMNepKaimeMmm,
HY>XAAal0TCA B YCTAaHOBJIEHUM KaTeTepa Aansa emergent
Avanusa



NMocneaHnu 3Tan — onpeaesinTb NPpUUYNHDbI rMNepKasimeMmm,
4yTOo6bl NPpEeaoTBpPaTUTb €e NOBTOPHbIEe 3NU304bl.

Heo6xoaAnMMO yCTAaHOBMTbD:
MCTOUYHUMKM NOCTYMJZIEHUA Kanus
NMPUUYNHDbI CHNKEHUS NOYEeYHOMN 3KCKpeunm

MPUYNHDbBI YTHETEHUA KJNIETOYHOIO 3axBaTa




Drug Category: Beta-adrenergic agonists -- Through an
activation of cyclic adenosine monophosphate (AMP),
these agonists stimulate the adenosine triphosphatase
(ATPase) pump, thereby shifting potassium into the
intracellular compartment.



N3onpotepeHon (Dey-Dose, Isuprel, Arm-a-Med) -
nMmeet 6eta-1 n 6eTa-2 aapeHeprmyecKyro akKtTuBHOCTb

Y B3pocnbiX — 5 MKr/MuH. B/B, Aasiee No oTBeTy, He NpesBbilasn

O3MpOBKa .
A P 20 Mkr/muH.; y petem - 0.1 Mkr/kKr/MmuH. B/B, AaJsiee no oTteery,
Yy
He npesBbillas 2 MKr/MHuH.

NinoTiaas MMnepuyyBCTBUTENIbBHOCTb, TAXMAPUTMMNUN, TaXUKapaua,

no?(a3aHm| cepAaeYHbl 6J710K — MHTOKCUKALMA AUTrUTAJINCOM,
YKeNnyao4uKoBble apuTMUKU, CTEHOKapAUS.

BaauMo- Bretylium - yBennMunBaeT akTUBHOCTb Ba30MNpPecCcoOpoB Ha
e aApeHepruyeckume peuentopbl, MOXXET NPUBECTU K apuTMuu;
e ryaHeTuauH — yBennumeaet 3¢pdeKT Ba3onpeccopoB n

HEKapyCTBaMVI NMPUBECTU K TAXKEJZION rMNepTeH3NN; TPULMKIINYECKne
P aHTUAenpeccaHTbl — YCWINBAIOT OTBET Ha Ba3onpeccopbl.
BbepeMeHHOCTb | OnNacHOCTb He yCTaHOBJIEHa
YBenunumBaert norpebneHme kucnopona MMoKapaoMm — onaceH
NPy CHNKEHHOWU KOpPOHapHOU nepdy3nn; y 60sbHbIX C NOBpeXx-
OCTOpPOXKHO! AeHnem AV u ero BeTBen MoOXeT Bbi3BaTb NPUCTYN

Adams-Stokes; onaceH npu kopoHapHoi 6one3Hun, anabere,
rmneprupeoumansMme; npum nynbnce >110 B MUH. BBeaeHUe
3aMeanaeTca Wi npekpallaeTcs.




Albuterol (Proventil, Ventolin) — anppeHepruueckmm
aroHMCT, YBeJINUMBaEeT KOHLIEHTPaLuUIO UHCYJIMHA B
njiasme — KaJimm nepemMellaeTcss BO BHYTPUKIIETOYHOe
NPOCTPaHCTBO

Ao3unpoBka Y B3pocnbix - 10-20 mr nebulized vnn 0.5 Mr B/B B TeueHue
15 MuH.; y peten — 2.5 Mr /B n NOBTOPHO 4yepe3 2 yaca

UIPCRKES 'MnNnep4yyBCTBUTEJIBHOCTb
noxKkasaHus
Beta-6nokaTtopbl nporuBoaenucTByoT 3cddekTy; inhaled
B3zaunmo- ipratropium MoXxeT yanmHuTb 6poHxoaunnaraumio,
Aencreme Bbi3blBaeMylo anibbyTeposioM; cepaevyHO-COCyaAUCTbIe
C ApyrmmMmm adpdpekTbl MOryT Bo3pactm ot MAOIs, MHranpyembix
sieKapCTBaMM | aHECTEeTUKOB, TPULIMKJIMYECKUX aHTuaenp,

CMMNaTOMUMETUKOB

BepeMeHHOCTb | ONacHOCTb He YCTaHOBJIeHa

NMpu rmnepTtmpeonansMme, caxapHoMm auabere n cepaeyHo-

OcCTOpOIKHO!
cocyaucCTbixX 3aboneBaHunnAx




Drug Category: Calcium salts -- Calcium antagonizes
cardiotoxicity of hyperkalemia by stabilizing cardiac cell
membrane against undesirable depolarization. Has no
effect on serum level of potassium. Onset of effect is
rapid, within 15 min, but relatively short lived.



Calcium gluconate (Kalcinate) -- Moderates nerve and
muscle performance and facilitates normal cardiac

function.

100-300 mg elemental calcium IV diluted in 150 mL D5W
over 10 min; initial rate of infusion should be 0.3-2 mg of
elemental calcium per kg/h

Ao3unpoBka
2 mg/kg of elemental calcium IV (about 20 mg/kg of
calcium gluconate 10%)
NMpoTtuso- Renal calculi; hypercalcemia; hypophosphatemia; renal or
noKasaHus cardiac disease; digitalis toxicity
B:;:T':z; May decrease effects of tetracyclines, atenolol, salicylates,
A iron salts, and fluoroquinolones; antagonizes effects of
C Apyrumm .
verapamil
JieKapcTrBaMm
BepemeHHOCTb | B - Usually safe but benefits must outweigh the risks.
OCTOPO>KHO! Caution in patients who are digitalized; respiratory failure;

acidosis; severe hyperphosphatemia




Calcium chloride -- Prevents deleterious effects caused by
severe hyperkalemia as measured by ECG, pending
correction of increased potassium in extracellular fluid.
Generally, second choice to calcium gluconate due to
irritating effects when administered parenterally.

Known or suspected hyperkalemia (K* >6 mEq/L): 2-4
Ao3npoBka | 53q/kg IV (10% solution)
0.2 mL (20 mg)/kg of IV (10% solution)
n Ventricular fibrillation not associated with hyperkalemia;
pOTUBO- e - - - AP
digitalis toxicity; hypercalcemia; renal insufficiency;
nokKasaHus . .
cardiac disease
BB?"MO- Coadministration with digoxin may cause arrhythmias;
Aencreue - i
may antagonize effects of calcium channel blockers,
C Apyrumm .
atenolol, and sodium polystyrene sulfonate
yiekapcrBamMm
BepeMeHHOCTb C- Safety for use during pregnancy has not been
established.
Administer slowly (not to exceed 0.5-1 mL/min) to avoid
OcTOopOXKHO! - - - .
extravasation; hypercalcemia may occur in renal failure




Drug Category: Hormones -- Insulin stimulates cellular
uptake of potassium, lowering serum potassium level.

Insulin (Novolin, Humulin) -- Stimulates cellular uptake
of potassium within 20-30 min. Administer glucose along
with insulin to prevent hypoglycemia. Monitor blood
sugar levels frequently.



Ao3unpoBka

Y B3pocnbix - 10 U IV and either 50 mL D50W bolus or 500
mL D10W over 1 h; y npeteun - 0.5-1 g/kg IV followed by 1 U
of regular insulin per 3 g glucose

NMpoTusBo-
nokasaHus

Documented hypersensitivity; hypoglycemia

Bzaunmo-
nAencreme
C Apyrmmm

siekapcTBamMm

Medications that may decrease hypoglycemic effects of
insulin include acetazolamide, AIDS antivirals, asparaginase,
phenytoin, nicotine isoniazid, diltiazem, diuretics,
corticosteroids, thiazide diuretics, thyroid estrogens,
ethacrynic acid, calcitonin, oral contraceptives, diazoxide,
dobutamine, phenothiazines, cyclophosphamide,
dextrothyroxine, lithium carbonate, epinephrine, morphine
sulfate, and niacin; medications that may increase
hypoglycemic effects of insulin include calcium, ACE
inhibitors, alcohol, tetracyclines, beta-blockers, lithium
carbonate, anabolic steroids, pyridoxine, salicylates, MAOIs,
mebendazole, sulfonamides, phenylbutazone, chloroquine,
clofibrate, fenfluramine, guanethidine, octreotide,
pentamidine, and sulfinpyrazone

bepeMeHHOCTb

B - Usually safe but benefits must outweigh the risks.

OcTOopOXKHO!

Hyperthyroidism may increase renal clearance of insulin and
may need more insulin to treat hyperkalemia;
hypothyroidism may delay insulin turnover, requiring less
insulin to treat hyperkalemia; monitor glucose carefully;
dose adjustments of insulin may be necessary in patients
diagnosed with renal and hepatic dysfunction




Drug Category: Diuretics -- Loop diuretics markedly enhance
renal potassium excretion, consequently lowering serum levels.
Parenterally administered drug has a more rapid onset of
action and is preferable in emergent situations. Simultaneous
administration of saline can prevent severe volume depletion.

Furosemide (Lasix) -- Increases excretion of water by
interfering with chloride-binding cotransport system, which, in
turn, inhibits sodium, potassium, and chloride reabsorption in
ascending loop of Henle and distal renal tubule. Individualize

dose to patient. Depending on the response, administer at
increments of 20-40 mg, no sooner than 6-8 h after the
previous dose, until desired diuresis occurs. When treating
infants, titrate with increments of 1 mg/kg per dose until a
satisfactory effect is achieved. Oral absorption of furosemide is
variable from person to person. If rapid and effective therapy is

mandated, then IV route is preferred. Occasionally, a

continuous infusion of furosemide, as high as 40 mg/h, is used
for severe edema but rarely is required for the treatment of
hyperkalemia.



20-80 mg/d PO/IV/IM; titrate as high as 600 mg/d

1-2 mg/kg per dose PO; not to exceed 6 mg/kg per

Ao3upoBka e
dose; not to administer >q6h
1 mg/kg IV/IM slowly under close supervision; not to
exceed 6 mg/kg
NMpoTtueo- Documented hypersensitivity; hepatic coma; anuria;
nokKasaHus state of severe electrolyte depletion

B3zauuMo-gencreue
C APpyrmMm
JieKapcTBaMm

Metformin decreases furosemide concentrations;
furosemide interferes with hypoglycemic effect of
antidiabetic agents and antagonizes muscle-relaxing
effect of tubocurarine; auditory toxicity appears to be
increased with coadministration of aminoglycosides and
furosemide; hearing loss of varying degrees may occur;
anticoagulant activity of warfarin may be enhanced
when taken concurrently with this medication;
increased plasma lithium levels and toxicity are possible
when taken concurrently

bepeMeHHOCTb

C - Safety for use during pregnancy has not been
established.

OcTOopOXKHO!

Perform frequent serum electrolyte, carbon dioxide,
glucose, creatinine, uric acid, calcium, and BUN
determinations during first few months of therapy and
periodically thereafter; profound diuresis may occur
with fluid and electrolyte loss; caution in hepatic failure




Bumetanide (Bumex) -- Increases excretion of water by
interfering with chloride-binding cotransport system, which, in
turn, inhibits sodium, potassium, and chloride reabsorption in
ascending loop of Henle and distal renal tubule. Individualize
dose to patient. Start at 1-2 mg IV; titrate to as highas 10
mg/d. Rarely, doses as high as 24 mg/d are used for edema
but generally are not required for treatment of hyperkalemia.

0.5-2 mg per dose PO qd/bid; not to exceed 10 mg/d
Alternatively, 0.5-1 mg per dose IV/IM; not to exceed 10

O3MpoOBKa
Ao3np mg/d
Not established
I PSIMBOC Documented hypersensitivity; anuria; increasing azotemia
nokKasaHus
BzaunMo-
Aencreme Decreases effects of indomethacin and probenecid; may
C ApyrumMmm increase lithium toxicity
sieKkapcrBamMm

BbepeMmeHHOCTb | D - Unsafe in pregnancy

Profound diuresis may occur with fluid and electrolyte loss;
OctopoxxHo! | caution in hepatic failure; monitor serum sodium,
bicarbonate, calcium, magnesium, phosphate, and potassium




Drug Category: Cation exchange resins -- Stimulate the
exchange of sodium for potassium in the colon, thus
increasing intestinal excretion of potassium

Sodium polystyrene sulfonate (Kayexalate) -- Exchanges
sodium for potassium and binds it in the gut, primarily in
the large intestine, and decreases total body potassium.
Onset of action after oral administration ranges from
2-12 h and is longer when administered rectally.



25-50 g PO in 25-50 mL sorbitol q6h
25-50 g PR in 25-50 mL sorbitol as retention enema q6h

Ao3unpoBka
1 g/kg PO in sorbitol q6h
2 g/kg PR in sorbitol as retention enema q6h
NMpoTuBo- e e -
g e Documented hypersensitivity; hypernatremia
BB?"MO- Systemic alkalosis may occur if administered concurrently
nencreue 4 - . . - .
with magnesium hydroxide, aluminum carbonate or similar
C ApyrumMm h 4
antacids, and laxatives
JieKapcTrBaMm
BepemeHHOCTb | C - Safety for use during pregnancy has not been established.
Caution when administering to patients who can be affected
adversely by a small increase in sodium loads, such as severe
hypertension, severe congestive heart failure, and marked
OcTtopo)xHo! | edema; constipation, with the possibility of fecal impaction,

may occur; treat constipation with 10-20 mL of 70% sorbitol
every 2 h or as necessary to produce at least 1-2 watery
stools daily




Drug Category: Electrolytes -- Used to correct metabolic
acidosis if acidosis is severe.

Sodium bicarbonate (Neut) -- Used only when patient is
diagnosed with bicarbonate-responsive acidosis,
hyperkalemia, tricyclic antidepressant overdose, or
phenobarbital overdose. Routine use is not
recommended.

To estimate the dose that should be administered may
use the following formula: HCO3- (mEq) = 0.5 X weight
in kg X (24 - serum HCO3- in mEq/L)

This formula has many limitations; however, the
practitioner can determine roughly the amount of
bicarbonate required and subsequently titrate against
the pH and anion gap.



Generally for parenteral use, 1-2 amps of sodium bicarbonate
containing a total of 50-100 mEq is adequate

650-1300 mg PO bid or tid

If the patient has a relatively normal serum bicarbonate level
but severe ECG changes of hyperkalemia, then 1 ampule or 50

Ao3npoBka mEq may be infused q15min, monitoring serum bicarbonate and
serum sodium to avoid severe alkalosis and hypernatremia
Alternatively, 2 ampules of sodium bicarbonate (100 mEq) may
be added to 1 L 10% dextrose in water and infused at 250-500
mL/h if tolerated
Not established

MooTneo- Documented hypersensitivity; alkalosis; hypernatremia;

P hypocalcemia; severe pulmonary edema; unknown abdominal
nokKasaHusa pain
B3anMo- Urinary alkalinization induced by increased sodium bicarbonate
- concentrations may cause decreased levels of lithium,
aAencreue - - -
tetracyclines, chlorpropamide, methotrexate, and salicylates;

C ApyrmMm increases levels of amphetamines pseudoephedrine, flecainide,
NEKApPCTBaMN | 5 prexiants, mecamylamine, ephedrine, quinidine, and quinine
BbepeMeHHOCTb | C - Safety for use during pregnancy has not been established.

Only use sodium bicarbonate to treat documented metabolic

acidosis and hyperkalemia-induced cardiac arrest; can cause

alkalosis, decreased plasma potassium, hypocalcemia, and
OcTOopOXKHO! hypernatremia; caution in electrolyte imbalances, such as in

patients with CHF, cirrhosis, edema, corticosteroid use, or renal
failure; when administering, avoid extravasation because can
cause tissue necrosis







Hy>XHbl 1IN KOHTaKTbI C KOoJIJZiIeramMmm

Mpu TAXXKEeNon rmnepkasméMmMm Kak MO>XXHO paHblue cneayer
KOHCYJ/1IbTUPOBaTbCA C He(ppoJZIOromM ANnNA onpeneneHunsn

3¢ PeKTUBHON TEpanUmM U NJIaHUPOBaAHUA ANaNN3a, €C/in OH
HY>XEeH

NMNpyn He06X0AMMOCTUN HEOTJ/IOXKHOIro pa3MelleHus
pacemaker, Haao 3BaTb Kapauosiora u noMmeuwartb 60sbHOro
B 65110k ana 6onbHbIX € refractory heart block.

Oveta: HuskokanumeBasa AveTa C 2 r KaJiua peKoMeHAayeTcs
AN MMHMMM3aLUMKM noctyrsieHms K ¢ nuuien.
Pe>xM 60/1bHOro: He HY>XHbl Kakme-nmbo orpaHnyeHms Ao

TOM Nopbl, Noka nNo KI uan no KAMHUKe He 6yayT
3aMeyeHbl Kapamno /KJIIMHUKO-TOKCUYECKMEe NpPU3HaKu
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4-bl TUN KaHabLIeBOIro aumaosa

J.E. O'Connell and N.R. Colledge. Type IV renal tubular acidosis and spironolactone
therapy in the elderly. Postgrad Med J (1993) 69, 887- 889. Geriatric Medicine Unit,
University of Edinburgh, City Hospital, Greenbank Drive, Edinburgh EHIO 5SB, UK




Koppekuusa runepkanmeMmm 6ukapb6oHaTtoM npon3BoaUTCA U Npu
HopManbHOM pH KpoBu -

Bukap6oHaT oCyulecTBASET KOppPeKLUuUIo runepkaameMmmu nogbemom pH
KPOBM, UTO CTUMYJIMPYET NepemMelieHue KaJiua BHYTPb KJIETOK.

KpomMme TOro, oH mmeetr MexaHm3M naMmeHeHun yposHa K B nnasme,
He3aBUCUMbIN OT pH KpoBM.

NMNosToMy BBeaeHue 6ukap6oHaTa npm rmnepkasjiimeMmm A0J1HKHO
NPOBOANTbCA HE3BMCUMO OT YPOBHSA pH.

5% rnrwoko3a 1 n + 130 Mm3kB 6ukap6boHaTta Ha 6-8 yac.



UHcynuH 10 ea. B/B
rnoko3sa 50% 50 Mmn B/B B TeueHue 5 MMH.
Anbbytepon 20 mr B 4 Mmn pm3.p-pa — uHransuma 10 MuH.




1 3Tan KOppPEKLUUN rMnepKaineMmm:
nHdy3Ina kKansuma Stoerabnmaunsai kieToMHbIX dieMmbpaH
hyperkalemia should be the infusion of calcium. Cal-
cium antagonizes the effects of hyperkalemia at the
KanbuunitdipbThsopgeincrpyemgencrsioi kasniussHan
KJ/IETOYHOM sypoBHe YpeMs: mexaHnsmamuwmbrane po-
tential is shifted to a less negative value, that is, from
1) —90 mV to —80 mV, which in turn moves the resting
membrane potential closer to the normal threshold
potential of =75 mV, resulting in increased myocyte
excitability. When calcium is given, the threshold po-
tential shifts to a less negative value (that is, from —75
mV to —65 mV), so that the initial difference between
the resting and threshold potentials of 15 mV can be
restored.”™ For example, if a myocyte has a normal
resting membrane potential of <90 mV and a normal
threshold potential of =75 mV, then 15 mV of depo-
larization is required before reaching the threshold
potential. In the setting of hyperkalemia, the resting
membrane potential may change to a new level (that







Correction of hyperkalemia by bicarbonate despite constant

blood pH. Patients having hyperkalemia otten are given bicarbo-
nate to raise blood pH and shift extracellular potassium into cells.
Blood pH in many hyperkalemic patients, however, is compensa-
ted. To determine whether bicarbonate, independent of its pH
action, affects plasma potassium. 14 hyperkalemic patients were
treated with bicarbonate in 5% dextrose. In five patients {changed
pH group), blood pH rose at least 0.08, while in nine (constant pH
group), it changed less than 0.04. In the first group, pH rose 0.12,
bicarbonate rose 5.9 mEq/liter, and plasma potassium fell 1.6 mEq/
liter, and plasma potassium fell 1.4 mEgq/liter. The correlation
between changes in plasma potassium and bicarbonate was identi-
cal in the two groups and independent of urinary potassium ¢xcre-
tion. Four additional patients, who were treated with 5% dextrose
alone, did not significantly lower their plasma potassium, although
subsequent treatment with bicarbonate in 3% dextrose lowered
their plasma potassium. Thus, bicarbonate lowers plasma potas-
sium, independent of its effect on blood pH, and despite a risk of
volume overload. should be used to treat hyperkalemia in compen-
sated acid-base disorders. even in the presence of renai failure.
provided the plasma bicarbonate concentration 1s decreased.




Correction of hyperkalemia by bicarbonate despite constant
blood pH

DoNALD S. FRALEY and SHELDON ADLER

Department of Medicine, Montefiore Hospital, and the University of Pittsburgh School of Medicine, Pittsburgh,
Pennsvlvania

Kidney International, Vol. 12 (1977), pp. 354-360

Koppekuusa runepkanmeMmmmn bukapboHaromMm gosmkHa/Moxxer
npou3BOAUTbCA U NPpU HOpMasibHOM pH kKpoBM.

BuKap60oHaT OCYLUECTBJ/IIET KOPPEKLMIO rmnepKasmemMmmm
noabeMoM pH KpoOBM, UTO CTUMYJZIMPYET NepeMelleHne Kaausa
BHYTPb KJ/1I€TOK.

KpomMe T0ro, oH mmeet MexaHm3Mm U3MEeHEeHUs YPOBHA KasinAa B
nJjiasMme, He3aBuCUMbIN OoT pH kKpoBw.

NMoaTOoMy BBeaeHue b6ukap6boHaTta npu rmnepkajimeMmMm mMmeer
3¢ dekT npu nrobom yposHe pH.

5% rnwko3a 1 n + 130 ma3kB 6ukapboHaTa Ha 6-8 yac.




Short stature, hyperkalemia and acidosis:
A defect in renal transport of potassium

ADRIAN SpiTzErR and CHESTER M. EDELMANN JR
with
Lee D. GorLpBerG and PaiLir H. HENNEMAN

Departments of Pediatrics and Medicine and The Rose F. Kennedy Center,
Albert Einstein College of Medicine, Bronx, New York

Kidney International, Vol. 3 (1973), p. 251-257




Short stature, hyperkalemia, and acidosis: A defect in renal
transport of potassium. An eleven-year-old boy presented with
short stature, hyperkalemia, and metabolic acidosis. No endo-
crine cause for a short stature could be demonstrated. Renal
function, as assessed by inulin and PAH clearances, concen-
trating and diluting capacity, and ability to acidify the urine and
to excrete net acid, was normal. No defect was detected in adrenal
secretion of, or renal responsiveness to, aldosterone. A low renal
threshold for bicarbonate was documented which apparently
explained the acidosis. However, correction of the acidosis by
administration of sodium bicarbonate did not influence the
hyperkalemia, making it unlikely that an abnormality in bicar-
bonate reabsorption was the primary defect. Chlorothiazide
induced a fall in serum potassium and a rise in serum bicarbonate
to normal levels. During bicarbonate loading the rates of ex-
cretion of potassium in urine were consistently below those ob-
served in control subjects. It appeared, therefore, that the patient
had a primary abnormality in potassium excretion. The resulting
hyperkalemia caused urinary loss of bicarbonate and systemic
acidosis. Correction of both the acidosis and hyperkalemia by
chronic administration of chlorothiazide and sodium bicarbonate
has resulted in resumption of normal growth.



Further Inpatient Care:




Further Inpatient Care:

Once the potassium level is restored to normal, the
potassium-lowering therapies can be discontinued and the
serum potassium level can be monitored.

Determine and address the cause for hyperkalemia,
including an evaluation of sources of potassium intake,
causes for decreased renal excretion, and causes for
decreased cell uptake of potassium. Most cases of
hyperkalemia are multifactorial, with elements of all 3
causalities contributing to the final picture. In particular,
reevaluate the use of potassium supplements (including salt
substitutes) in patients with renal insufficiency or in
patients taking medications that impair renal excretion of
potassium.



Further Inpatient Care:

For patients who have a defined and finite reason for
hyperkalemia, such as acute exertional rhabdomyolysis or
drug-induced hemolysis, serum potassium can be monitored
on an infrequent basis. However, for patients who have
conditions or medications predisposing them to hyperkalemia
and in whom hyperkalemia has developed, monitor serum
potassium levels more frequently. Once monthly
measurements are indicated for patients at high risk.

For patients who have recurrent or constant hyperkalemia,
such as patients with diabetic nephropathy and type IV renal
tubular acidosis, chronic therapy with an oral loop diuretic
and Kayexalate may be indicated.



In/Out Patient Meds:

Loop diuretics often offset mild hyperkalemia without producing
significant volume depletion. Once daily furosemide is effective in
patients with moderate hyperkalemia and type 1IV renal tubular
acidosis.

Oral Kayexalate is useful in patients with advanced renal failure who
are not yet on dialysis or transplant candidates. One or more doses of
15 g/d can control mild-to-moderate hyperkalemia effectively with
little inconvenience to patients.

Florinef 0.1 mg PO daily is a useful drug in hyperkalemia associated
with mild-to-moderate renal impairment



Deterrence/Prevention:

The most effective prevention of hyperkalemia is through
education of patients on the potential causes of hyperkalemia,
dietary sources, medical conditions predisposing to
hyperkalemia, and contributing medications.

Additionally, repeated review of the patient's medications to
identify potential interactions that can cause hyperkalemia is
essential.

Some common clinical situations include the following:
Diabetic persons with mild nephropathy who are taking an
angiotensin-converting enzyme inhibitor and are on a
low-sodium diet
Patients with heart failure who are taking an
angiotensin-converting enzyme inhibitor and spironolactone
Patients with chronic renal insufficiency placed on
trimethoprim
Recipients of kidney transplants who are taking cyclosporin
or tacrolimus and have an abnormal serum creatinine



Complications:

Complications of hyperkalemia range from mild ECG changes to
cardiac arrest. Weakness is common as well.
Complications of therapy include the following:
Failure to control hyperkalemia
Hypokalemia due to excessively aggressive therapy
Hypercalcemia due to excessive calcium administration
Hypocalcemia from excessive bicarbonate therapy
Chest discomfort or tachycardia due to beta-agonist therapy
Hypoglycemia or hyperglycemia complicating glucose and
insulin administration
Metabolic alkalosis and tetany due to excessive sodium
bicarbonate administration
Volume depletion, metabolic alkalosis, renal insufficiency,
hypocalcemia, hypomagnesemia, and hypophosphatemia
due to aggressive loop diuretic use
Colon perforation due to Kayexalate administration



Prognosis:

For patients with a defined and transient cause of
hyperkalemia, the prognosis is excellent.

However, patients who have ongoing risk factors for
hyperkalemia are likely to develop recurrent episodes.




Patient Education:

Inform patients regarding the following:
Dietary sources of potassium, including salt substitutes
Medications that impair renal excretion, including
angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, nonsteroidal anti-inflammatory drugs,
and potassium-sparing diuretics
Clinical situations in which patients might be at risk for the
development of hyperkalemia, which include volume
depletion and acute renal insufficiency complicating
gastrointestinal fluid losses; increasing doses of ACE
inhibitors or potassium-sparing diuretics; and addition of a
medication that decreases renal excretion or cellular uptake
in patients who already are taking such drugs.



Medical/Legal Pitfalls:

Checking the ECG of patients who are hyperkalemic to assess
potential cardiac toxicity is imperative. ECG evidence of cardiac
toxicity mandates treatment and monitoring of the serum
potassium level.

Failure to document the stability of the serum potassium after
treatment is another potential pitfall in therapy. Often, when
hyperkalemia is treated aggressively by several modalities,
including diuresis, cation exchange resin, and glucose and
insulin infusions, potassium can decrease markedly, only to
rebound after therapy is discontinued. This is particularly likely
in patients who have ongoing reasons for hyperkalemia such as
rhabdomyolysis or ingestion of a long-acting
angiotensin-converting enzyme inhibitor.

If patients have been taking several drugs that contribute to
hyperkalemia and they continue to require one or more of
them, documenting the necessity of these drugs and
documenting the education of patients regarding the risk of
hyperkalemia is imperative.



