R 2010 : 21 = 31-39

1K ot 87 8 25 BT 9276 %

L Ag & At 2

"B ELBREE AR

PZEREE

5O P A

ARNETEET (K) etk s 848 » BERMARFOSTAETOM R R attd
PR o K 4T (hypokalemia) & 5 47AET K ERR LB AS H > RFHWAFEHTHA

RO AT ARB S AT H B o K47 T fiE

BB R B TR R AT R - B

A2 R # (cardiac arrhythmias) ~ ALK Bk # £ oF9R 45 0E » B 2o {7 B ik 69 25 BT 9174 ¢ 4K fn 47
RARBEFGIA o LR AT AR IR ST AT 89 Pk i £ (potassium (K) excretion) ~ iz " Bl
i~ o B F 4k ~ f 48 B E S (renin activity) ~ B Bl 87 (aldosterone) & & ~ &K #8 B 8 (cortisol)
B R P NERET R AT R M — TR BT o KRR ATAET BRI T BATAET &
MR A B o Mg B AT AR TR R AT BB B BER AT 5] AL o M B AR R AT ATk B R
At A Bl B F o AR mATEY B 0 L RIURMK AT ARE ~ 3 RAK AT A BRIF ~ BRRIEAK ~

iR B R LA B8 AR AT

RA52ET : (K0 (Hypokalemia)
INVEARZE (Cardiac arrhythmias)

HEESAIHE S (Potassium (K*) excretion)

EZ[EfR (Aldosterone)

I

[l

PR (K" F2 2894 BEDDRE RS A M
IEHRENZE - AR K2 SEMR R R i
% » BB BEARETRE H KA HRN > SR G Bl
1B VER IR E - (K § r] gE & S B0 AR L
BF SERRN A KR EPSEE [Eaiep ag NIk s
ENTIOESE

SR SHYEIE
— ~ EIETNREER D h
(—) TDgE

Al A K e R = 2 5 A L ik
U (Na” — K" pump) ZKA#EFF » & = Wik
H (ATP) K fEHE - FTRE 3 {8 5 i+ (Na") 47
A AR > 2 {18 KT FT KA > DT I fof 5 A A

WA Bl BAE: (114) ST AZNERD =% 32558 = FEH A A
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Wi B BRIV IE®E - 82 #R 1L IR L
(resting membrane potential) FJFZRY » $HFES ~ I
WS B A -
(Z) Dt

KK 98% 1) K™ 17 A S Al A - #8 &= K
3000 ~ 4000 mmol (50 mmol/Kg) ° H %% &
ENL A HIRE A (~3000 mmol) » H K& (ERL 1 ER
(~200 mmol) Ed i B (~200 mmol) » T £l fifg 4+
W K FHE D (<1 mmol/Kg)' - (AR Z EHH
B A R AR R o S R A1 A T e A
WA K IR B LAMERF K IR TREIAE (acute
internal balance) > K B B HEME K" HY & > A
H K #I1&MEIEE (chronic external balance)” ©
— ~ RMEERED - AR E) (Intercellular shift)

AT CASEEE K 2R - Hii
S4 K KIS 60 ~ 80 mmol © fB % F A E —
MAIHE 60 mmol #Y K » AR SR A PUH
IR PRI A AR K > HITATBEHERE S K R —
f& > 1 K™ FHIEH Y 4 mmol/L F+% 8 mmol/L »
B B REIE R faby - I ER A S fa —H
E%E » FEEER AR KRB Pt 7 A
W > PS8 B gk o

K" {EHI ARS8 2 B /T (driving force) (41
& —ffr)
(—) BEEENZE

(Ut 2 S IR > 25 Na — K
pump 1l B2 & FARZAEVERH| ( B2-adrenergic
agonists) ~ &5 35 B FH IR I 38 55 T LUK fn ikt &
TS * o

BB F ik

Bk
¢ pr-adrenergics
o Thyroxine
Na' Na at % 3 Na'

Electro-neutral

Na'/H" exchanger
§7)

Na-K-ATPase

' 3N
‘.+ K+

" :
‘. K+ channel

B— : PR TR E eI -

Na': sodium; K*: potassium.

H* H 2K"

. o "'. .
Insulin ....+* Insulin

(Z) IBINMBAEAZ Na*

+ 2R 5 & B A ML A8 (Na/H'
exchanger * NHE) » {# A A Na" $701 > {Hilfi A~
AU IS4 2 BAL A (electroneutral ) » M fi]
B Na™ — K pump ZIEMEIE N0 » {5 K AAM
B o [ BB 0 W HE A B U5 38 7 T A b bk A
a0 DRI AT DUEE S BR B 12 18 5 i il s 1 #1 -
AR B RS (B ) IR A gs th
Sk
=~ IEVEEET - EBREEEt (WB A3 )
(—) FEEH/VE (proximal convoluted tubule, PCT)

ANEFHBANK HEMAE S EErE
tH o (H 2 B s ry K )y E O BN FEIR I

(65-70 %) -
(Z) BBEEBEIR (medullary recycling)

K' et daE E AREERE » G809 K
FREHES = BeHa it/ NVE (PCT S3) B0 FI I ERAM

47 3

B - BiEtPRavREa -

60~90
mmol




T B A% (thin descending limb) 73 W A B /NE >
R AN B/ INVER) K IR #EE &R I 1R i
Ho DEE— AR ERE 1K RER
B A4 B E A AER - (HIL SRS > HIE R
T K IHEH (AT 1E K/ NVE R RREER ) o
(= )REEFRE (cortical collecting duct, CCD)

B K PR 3 ZHHZ AR (principle
cell) » ILAHE € {EBEIE AR (aldosterone) HY1F H
o SEITRE/NE b B8N EfE - 38 38 (epithelial
Na' channel (ENaC)) > {@{#H & /NEE I+ Z Na'
Ui A Na' % 8K 2 MR A > A2 B[R IRE > B
/N B 2L S R (basal lateral membrane) | 1Y
Na" — K’ pump #IE(LIEH0 > BEEDR &5 Na®
FHARE > REGRREIA Na® SRS R o HYF5EERY Na'
AR - {587 e B - ek /D 1 22 L EEHIRRE »
[Pt B B e & (o SHAfE 838 (K channel) 7E & B
BB NETRA - MR K it = o (HEE
R (CU) FH A A e o P R S A IR IR
Al el D e S8 o /E CCD &k P S B
M AR o DL Na” BRI HOE
RS ClU B PR ISR (fast Na' disorder) » Al S+
W EF o EBUMBME & 0 TE CU By FRGH
12 (slow CI disorder) » SEEUE LT & B wiRE » I
MRS & 1 25 (AT = Fis )™ o B9k > agg
INEEPRE A T W U B2 e 1 O AR R IRE > gk
K" H PRI HE 0 © -

Fast Na* . Slow CI’

cr

ECF{ ECF|
High blood pressure :

Normal blood pressure

B=: PR T ENBEERENIEHEE - CCD: cortical
collecting duct; ENaC: epithelial sodium channel;
ECF: extracellular fluid; Na*: sodium; K*:
potassium; CI': chloride.
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(M) RERRB K BFHENREEMRER :

1. CCD K" I ([K'leen) © I CCD LLF »
K ELARS DR S i 43

2.CCD BEIRIRIIITE (flow rateccp) & il FAM
A — (RS B A9 AU FORIRIR K BI$R ©

K secretion = [K]ccp X Flow rateccp

IXIMER (Hypokalemia)
— EE

15 1M $E /Y E 262 IMTE K IR KR 3.5
mmol/L °
— ~ BRARSXRR (Clinical pitfalls)

IS4 1K ST A — %E AU SRHE A K B A8 & I
Do B A mERECR RS 10 & /uL HIE ATRE
3d R R PE M #F (pseudohypokalemia) o [ffl 7 K
Bl 2 I A 77 AT R i B > (BRSPS R A
FARED o HES > #8288 K R
WA Bl BRI STE » 2008 PR =
HARRR S 3 ~ (BRI = A e 2 R R
> ADERC KT FEMIE AR > e F ot H
W] R 3 1A P R S A s it - R S - R PR
WRHE K S0 (HeEA K S8 mE O
{1y AT REAFEHF I M STIRAL o
= ~ BRPRAEAR

AR A K RS e p i S AR #E - B
Fih PACE 1R Bl i L IR R 18 1 K R P A 2K
TFHAEE o (R i $ i o SR BRI IR 3 E 2 O
ANEE ~ LIS ~ R A ROR R D RERY
R (F—) e
PO ~ MG R RSB S HE M AVERIR D ABEIE (R

—)
(—) 24 /)\FF PR R B 88 X R /& (spot urine) AY

Zhl

LIRS EE 24 /N PRIE I 77 23R K HE
s B H M N 15 mmol (362 & il DL+
FIER I 2K K~ Je il B i ok K SR B il A
K"t o fH ¥ K B H HRE RS 15 mmol HIl
RFERHBE WA 0 o (B2 RS I
AN~ FERE ~ A S - ZERRELEEY) RSB L
J AL SR BIRF Y K BRIIRC » T H @ Sk
K AR o SR B R PRURET Al K R HI
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*— + (EINFPEVERAIEA R

o

* L4k

H Bt

Ul DERNEE ~ OHIUNGHE TR ~ IR BT~ MR St KRR A o
e TEMRPEARMEHRD T > B SRR KE M TR ~ B BiRAE MERE ) FREESCE IR ~ BRI ~ B
I% (citrate) S EHRIEIR (HCO;) BRSNS S AR ~ (BRI IRIE (hypocitraturia) Sz (G R &
I (renal cyst) FERE » 2 EBUSEB g
ilINA| o B EIR BN D ~ BEESHE D S EIEDHER ~ RERULIERE ~ WL M T e -
JE B g B B ~ WSS (deep tendon reflex) I8/ e
FTBR AT (IEPHRMFTIRG T ) BEREIER (aldosterone) 73 WD ~ HEMIRE A HTME ~ HINIE 34 (renin) 73U ~ M5 hIRgAfE
F42 % (ammoniagenesis) ©
xR IMORREPRE S B BIER IR A B
Tests Units Hypokalemia Hyperkalemia Pitfalls
expected expected
I. 24-hour excretion mmol/day <15 >20 inaccurate or incomplete collections, K shift,
drugs
II. Spot urine
1. Random urine (K") mmol/L None None polyuria or oliguria
2. Fractional excretion of K~ % <2% >10% need nomogram if renal function impairment
3. K" per creatinine mmol/mmol < 1.5~2.0 >5 renal failure, muscle mass, volume depletion,
severe thabdomyolysis might affect the rate
4. TTKG <3 > 10 low urine osmolality

K': potassium; TTKG: transtubular K~ gradient.

R DL b B o
(Z) RRK EE

B H DL K IR B0 M2 15-20 mmol/L
AP 2 B Tl I R 2 ey K iR &
DT 75 PR st R FEE AN [RT T A 1] > $3ATEE T 85%
A1 P T Mk K™ 9 R R A BRI R K TR NS
20 mmol/L" » PRI AN 3% LA R 5 ik K™ HF
(=) K" HBt3R (Fractional excretion of K* » FEy)

FE, /el PR b FRHERE » R ER K
i o B e s P BRI M A S
(urine/plasma [K]) / (urine/plasma [ creatinine ] ) °
IEH B Th ey 6 R A IE W 8B I K

(1mmol/Kg/day) HJARIL T » FE¢ #9755 10% »

EARIMETIF FE, FE/ IR 2% o AR 2% FRnis
it ok o AR A H PR KT R PR A
CCD W7 s & » 1 B B/ VB B R ER K
WIEE o P LUEB ThRE T RERy B bk 8 - N5
K" WD » B NVE & UE PRI K B 7

WL B K] LE B DIRE T IR0 I fE FR 22
FEIE
(M) BNEmAIFRE S REERE (transtubular

[K™] gradient, TTKG)

(urine/plasma [K'])/(urine/plasma osmolality)
22 B IE T IS K i B UK o0 U A
FE R > IR I 5 E I CCD % K 79 Wb F RE 77
s R I R T T i P e o 2
TTKG>3 » {H/@ & IRIRH BB R N2 IMVE 857 R
I > LESEEAE S o
(7)) RR K" B2 EEET D 2R (urine K'/creatinine

ratio)

FEGE R PRIE K B LR I A LA L5 755 S
mmol/mmol ( B{ 0.4mEq/mg) * & K & b it 2% Fr
38 B Z AR MBI - It B E FE K 72 2 mmol/mmol
(8% 0.17 mEq/mg) ° RIMAEE =08 ~ HLAE/ ) -
Jere B BV A S8 Bl e L R R LV T s - &g

R M LR A A R R T R B Y

HEEE 2 o



5 -~ ®AD%E (Etiological categories)

IRPRIE K B & F M w] 0 BRI SR
TR 70 B W K
(—) ERRE K" bttt (low urine K* excretion)

(ANEPYFTR)

1. K {EAIE AR E) (K intracellular shift) :
I 35 ~ pH I FI12 5% R R 2o 88 > 3 Rl Al
Ra P oh K" BT o AT 0 38 BRI i 8 AR IR
IR - HIZ A & fFim 7 i ag i - 5 RE R
K AR P RS B g 0 A SR IR LA - m R
FIE AR RE (high adrenergic states) 4l % I
S PERH ZEVERTR S 1E ~ S O NUEEZE ~ BEER
A5 ~ A % (delirium tremens) ~ ik K
IR ~ L IEhan BHEEY) ~ £ = B2 AR
BEE ] (B2 agonist) 57 27 ~ FH R TUE OF %

(thyrotoxic periodic paralysis) 5 [ 555 38 AR RE

(hyperinsulinemia) » ZNEAREFHZKIER > - H
PR E: B chloroquine 3 &5 AR (K [T S B »
HIl = BREAMHRfAS K s > -

2. SRR O 2 BOIE B IR 3% 0 4G
BE BT IR K@% - BAIIER R K AL
A RRARD & BRI ET > PRIEIF TR 1A LA
2o R R KR IEE B R ERR - WE
Al ) ~ B AE (geophagia) ~ R X (5t 2 &
P4 (cationic resin)) S5 & & A5 B BT A K o

A& o 57
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(Z) BERE K HEtt (high urine K* excretion) (4[]
BRFR)
Bl K PR - SRR E &
FE MRS 7 > BT R A & R
AR A W
1. & OF i g R VR & FF PR
ZVHEF (NH,) HEREE — 20 8 51 E RE R T
TS - I E NH, 762 B BB E
HEVEETT o O RT DUPR U2 528 R 722 (1 B T 15 PR IR
Z Bt 7 3% L (urine osmolar gap = (measured-
calculated) urine osmolality = 2 urine NH, ) °
¥ /1N 2 100 mOsm/kg.H20 1% 3% NH," #E iiit 5@
Do W/ NERE T o NH, BRI H & TR
KI5 B Bk K B R R AR ~ 18 ki 1B &
(chronic glue sniffing) B¢ /K& 773 (ureteral

. . 17,29,30
diversion ) °

2. A OHRE M & o AT A B Ifi JAR
ARy s R T o 5 LR R v 2 3 L Y
FUE 1 (renin activity) ~ % [&] Bl (aldosterone)
Bz B AN ( cortisol) I8 RIIE2 Ef L KRR
TRAERTER) " o 7R - RE S B 2 FE R A
IV A (] 98 v T B SR T R s (R Ry
W) e AR RS I B R AE IR A & b IS B
T T S I [T AR P 25 s A » 7E Liddle’s
syndrome * i ¥) & FA[E % 38 % fiF (& F¥ (apparent

&

IR

| Hypokalemiawith a low K* urine excretion

K* Shift

Metabolic acidosis |

| Metabolic alkalosis

v

* HPP

 Barium intoxication
 Chloroquines

* B, -adrenergic agonist
 Theophylline

e Profound

» Laxatives

diarrhea

 Short bowel syndrome

* Malabsorption
* Villous adenoma

* Anorexia nervosa

¢ Chronic alcoholism
* Remote diuretics

» Excessive sweating
« Cationic resins

« Caffeine toxicity
 Alkalosis

* Hypothermia

* Anabolic state

* Hyperadrenergicstate

BP0 : (XMIPSHIERREPEE S HEt a0 BIZ2ET - HPP: Hypokalemic periodic paralysis; K+: potassium.
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| Hypokalemia with a high urine K* excretion |

[ Metabolic acidosis | [ Metabolic alkalosis
NH,* excretion | Blood pressure
High Low High Normal
« Toluene RTA | |
abuse Renin T Renin ¢ Renin ¢ ucl- 4 ucl- 1
« Profound | Aldo 1 Aldo 1 Aldo L - -
diarrhea
* Ureteral | |
diversion -Maligant hypertension Primary N .
*RVH aldosteronism | Na*{ | | Na* 1 | | Na* | | Na* 1 |
*Renin-secreting tumor | | | |
*Pheochromocytoma X
+ Remote - Recent « Diarrhea «GS
vomiting vomiting « Laxative - BS
| * Remote « Gastric abuse « Diuretics
[ cortisol ¢ | [ cortisol N ] [ cortisol 1 | | diuretic drainage - Solute
« Cl-losing * Non- diuresis
diarrhea absorbable + Aminoglyco-
anions sides
« Cisplatin
« 11B-hydroxylase « Aldosterone « Ectopic ACTH
deficiency analogue * Cushing’s
* 17o-hydroxylase - AME syndrome
deficiency « Carbenoxolone - Exogenous
ingestion hydrocortisone

« Licorice ingestion

- Liddle’s syndrome

+« DOC-secreting
tumor

Bf : EMIPSHERREPE S HHtaViEBIS2ET - RTA: renal tubular acidosis; Aldo: aldosterone; RVH: renal vascular
hypertension; N: normal; AME: apparent mineralocorticoid excess; DOC: 11-deoxycorticosterone; ACTH:
adrenocorticotropic hormone; UCI: urine chloride; UNa™: urine sodium; GS: Gitelman's syndrome; BS: Bartter's
syndrome.

mineralcorticoid excess syndrome) * £ # ik A H R A{EHLE .ﬁkﬁgﬁ AN R AR R
B AR B LR B2 3 (adrenocorticotropic H% HAH LA K o 55 _HER LSS HIRE

hormone * ACTH) 73R A » MIE B FEiEME & R AL falks %E‘I%BEEZEEH’JK 7T
P28 45 P 088 P X o o AL JRR 1 5 2 (eI PR oy A B S I AT o 0 HAE I K AR AR A
B~ SHELEERE BRI > AT LIF R B NE 4 B AT EEL 2 AR $FHF R B/ NG o BLaF
R S5 B B S B AR ST o AR ARG A HAMN KR EY) > m
sy A 2 KT R 12 5T 1 R T Jk /0 #F Na™ —
/HIR K" pump B #I i - 1HIESEY) & H & & g S E

— B AR M A7 B Ay - AR ik I # (NaHCO,) 5 2 K ## # 14 Al i A %% Bh
FA LOFERE E R OB ILA S 2 (=)

&= EIFEVER

1. Medical emergency Cardiac arrhythmia, respiratory insufficiency

2. Avoid risks of K shift into cells Do not give glucose, insulin and NaHCO;

3. Magnitude of K" deficit Large vs. small does of K'

4. Route of K" administration Central, peripheral or oral

5. K preparations KCl vs. KHCO, (K" citrate) vs. K' phosphate

6. Adjuncts to therapy K'-sparing agents, ACEI, AIIA

7. Associated settings HPP, chronic hyponatremia, hypomagnesemia, volume depletion,

severe metabolic acidosis, low muscle mass

ACETI: angiotensinogen converting enzyme inhibitor, AIIA: angiotensin II antagonist, HPP: hypokalemic periodic paralysis.



HithERFE ¢

AN

~K MR E WA A KRR E)
AR T > K3 B 4 mmol/L T i £ 3
mmol/L 7 %2 it & 350 mmol » 41 5 (% F 2
mmol/L HIIFF 2L 750 mmol HY K™

KRS s A REEA R 0 TUIREH T
K" HIANETAT 5 o132 A Ak A 7 05 55 A ] e
40 mmol/L 5 fHICHEFRIEMERETARDL T
5 AT #G#E 60 mmol/hour

~ KR ERRERZ K HE TR

R IR AT 0 KCL o B R OF AR 1k 1

H I HI AT A R 8 (KHCO,) S5

T (K citrate) * > (HZHE B E AL

KHCO, 8¢ K citrate If » &[5 1 H i 155

HIRIE o BN ERE BN R &8

I AT HRERE ST (K phosphate)  ©
[ W {3 A R 81 K] JR #l (K -sparing

diuretics) : A Jak /D Bl T K HYHEME - 5@

R AE RN #TAY A > amiloride 5%

triamterene Lt spironolactone & 1~ & H 15 H

E S SRR (- i RERE ~ 58

PEZCRUIE ~ PERRIRIRSE ) - LB L8

PRI - 8K iR — A S

g A I o

ORI T B - (83 L BRI U8

BB > U OBk R ~ o R

fia 7 K iAot KR i B A

AT LA &G T I EE M £ AU RH R G % DL

PLEEARIE > -

~ EOHE TR M - K1 #R S TR MG
95 A8 B2 5 M 6L A E (€ BF (osmotic
demyelination syndrome) Y g F& [K] - »
JEbAE R L S EE - 05 55 AT R SE R o HL (R 8
IIETE » o

~ AR ER ¢ K1 Bk g 1 E0w M R R 1
PHEBL L AN EE > [F)IRF A/ 7 PR A LLES
B I S B8 O 8 T B S AR N R R S A
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AU A © E R A I o SIS
IS EHIR S5 58 7k » RIS K 2
AHAES: > BRI KT RS Y - BE IR
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/

/

37

E A REAREIE 1 T e > K IRIL P RERYRE
JEn]Re & HE T o NI BER A e XA 1t
(R R ST 1 i e TR K

JU~ GOHCEHERE AR - & R R R A (R 5
B Ty - ST I H( M 8
LISk Tl E IR » (F K AT A
8 - minEEm s - EBEkR A O B

+ -~ GOHENLAE - WA K EZERALA T
(Al Bk A EE AR ST PE LA B0 9 /8 > i
TAHFCHY) K D

Tz

QA

RImSH e iR EH BB B E R E - 4
A RS L B B R T Bl & T i B B PR B
(R #FAS B s AR R BRI - 1R AR A
[l 75 L aet oy RH BRI S 2 o 5 i #4 m] LS i
IR ~ FHECALAY ~ B B ~ B QR <5 Bl (3
A B o Lo IR AT DU PR e - 1 D & R
1L P i L ) 7P A6 1 5 — 28 SR I Z2 = AR ot
Hyia et £ BB S/ R MITR R ~ E K
IMFFEITRE ~ B RA R FEERIRE ~ Bl
FAHBRIRDCE AL fEbR A 1 o

S5k

1. Sterns RH, Cox M, Feig PU, Singer I. Internal potassium
balance and the control of the plasma potassium concentra-
tions. Medicine 1981; 60: 339-54.

2. Steele A, deVeber H, Quaggin SE, Scheich A, Ethier J,
Halperin ML. What is responsible for the diurnal variation in
potassium excretion ? Am J Physiol 1994; 267: R554-60.

3. Groeneveld JH, Sijpkens YW, Lin SH, Davids MR, Halperin
ML. An approach to the patient with severe hypokalaemia:
the potassium quiz. QJM 2005; 98: 305-16.

4. Clausen T. Clinical and therapeutic significance of the Na, K
pump. Clin Sci 1998: 95: 3-17.

5. Counillon LL, Pouyssegur RJ. The members of the Na'/H"
exchanger gene family: Their structure, function, expression
and regulation. In: Seldin DW, Giebisch G, eds. The Kidney:
Physiology & Pathophysiology. Philadelphia PA, Lippincott
Williams & Wilkins, 2000: 223-34.

6. Giebisch G. Renal potassium transport: mechanisms and
regulation. Am J Physiol 1998; 274: F817-33.

7. Lin SH, Halperin ML. Hypokalemia: a practical approach to
diagnosis and its genetic basis. Curr Med Chem 2007; 14:
1551-65.

8. Kamel KS, Quaggin S, Scheich A, Halperin ML. Disorders



38

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

of potassium homeostasis: an approach based on pathophysi-
ology. Am J Kidney Dis 1994; 24: 597-613.

. Brown RS. Potassium homeostasis and clinical implications.

Am J Med 1984; 77: 3-10.

Weiner ID, Wingo CS. Hypokalemia-consequences, causes,
and correction. J Am Soc Nephrol 1997; 8: 1179-88.

Helfant RH. Hypokalemia and arrhythmias. Am J Med 1986;
80: 13-22.

Coca SG, Perazella MA, Buller GK. The cardiovascular
implications of hypokalemia. Am J Kidney Dis 2005; 45:
233-47.

Lin YF, Lin SH, Tsai WS, Davids MR, Halperin ML. Severe
hypokalemia in a Chinese male. QJM 2002; 95: 695-704.
Nath KA, Hostetter MK, Hostetter TH. Increased ammonia-
genesis as a determinant of progressive renal injury. Am J
Kidney Dis 1991; 17: 654-7.

Mandal AK. Hypokalemia and hyperkalemia. Med Clin
North Am 1997; 81: 611-39.

Kamel KS, Ethier JH, Richardson RM, Bear RA, Halperin
ML. Urine electrolytes and osmolality: when and how to use
them. Am J Nephrol 1990; 10: 89-102.

Lin SH, Lin YF, Chen DT, Chu P, Hsu CW, Halperin ML.
Laboratory tests to determine the cause of hypokalemia and
paralysis. Arch Intern Med 2004; 164: 1561-66.

Elisaf M, Siamopoulos KC. Fractional excretion of
potassium in normal subjects and in patients with hypoka-
laemia. Postgrad Med J 1995; 71: 211-2.

West ML, Marsden PA, Richardson RM, Zettle RM,
Halperin ML. New clinical approach to evaluate disorders
of potassium excretion. Miner Electrolyte Metab 1986; 12:
234-8.

Welle S, Thornton C, Totterman S, Forbes G. Utility of creat-
inine excretion in body-composition studies of healthy men
and women olser than 60 y. Am J Clin Nutr 1996; 63: 151-6.
Beal AL, Scheltema KE, Beilman GJ, Deuser WE. Hypoka-
lemia following trauma. Shock 2002; 18: 107-10.

Alazami M, Lin SH, Cheng CJ, Davids MR, Halperin ML.
Unusual causes of hypokalemia and paralysis. QIM 2006;
99: 181-92.

Brown MJ, Brown DC, Murphy MB. Hypokalemia from
beta2-receptor stimulation by circulating epinephrine. N

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

H Bt

Engl J Med 1983; 309: 1414-9.

Lee KO, Taylor Oh VM, Cheah JS, Aw SE. Hyperinsuli-
naemia in thyrotoxic hypokalemia periodic paralysis. Lancet
1991; 337: 1063-4.

Wwlls JA, Wood KE. Acute barium poisoning treated with
hemodialysis. Am J Emerg Med 2001; 19: 175-7.

Agarwal R, Afzalpurkar R, Fordtran JS. Pathophysiology of
potassium absorption and secretion by the human intestine.
Gastroenterology 1994; 107: 548-71.

Lin YF, Wu CC, Pei D, Chu SJ, Lin SH. Diagnosing thyro-
toxic periodic paralysis in the ED. Am J Emerg Med 2003;
21:339-42.

Kamel KS, Briceno LF, Sanchez MI, et al. A new classifi-
cation for renal defects in net acid excretion. Am J kidney
Dis 1997; 29: 136-46.

Lin SH, Lin YF, Halperin ML. Hypokalemia and paralysis.
QIM 2001; 94: 133-9.

Carlisle EJ, Donnelly SM, Vasuvattakul S, Kamel KS, Tobe S,
Halperin ML. Glue-sniffing and distal renal tubular acidosis:
sticking to the facts. ] Am Soc Nephrol 1991; 1: 1019-27.
Halperin ML, Kamel KS. Potassium. Lancet 1998; 352:
135-40.

Lin SH, Chau T. A puzzling cause of hypokalaemia. Lancet
2002; 360: 224.

Kunin AS, Surawicz B, Sim EA. Decrease in serum
potassium concentrations and appearance of cardiac
arrhythmias during infusion of potassium with glucose
in potassium-depleted patients. N Engl J Med 1962; 266:
228-33.

Lin SH, Lin YF. Propranolol rapidly reverses paralysis,
hypokalemia, and hypophosphatemia in thyrotoxic periodic
paralysis. Am J Kidney Dis 2001; 37: 620-3.

Lin SH, Chau T, Wu CC, Yang SS. Osmotic demyelination
syndrome after correction of chronic hyponatremia with
normal saline. Am J Med Sci 2002; 323: 259-62.

Whang R, Flink EB, Dyckner T, Wester PO, Aikawa JK,
Ryan MP. Magnesium depletion as a cause of refractory
potassium repletion. Arch Intern Med 1985; 145: 1686-9.
Porte D Jr, Williams RH. Inhibition of insulin release by
norepinephrine in man. Science 1966; 152: 1248-50.



A& o 57

Diagnosis and Treatment of Hypokalemia

Chung-Cheng Lee', Wen-Te Huang', Shih-Hua Lin®

'Department of Internal Medicine, Zuoying Armed Forces General hospital,
Kaohsiung, Taiwan;
“Division of Nephrology, Department of Medicine, Tri-Service General Hospital,
National Defense Medical Center, Taipei, Taiwan

The concentration of potassium (K*) in plasma is determined on a rapid distribution of K™ between intracel-
lular and extracellular fluid (ECF) compartments and on a day-to-day basis by the renal excretion of K*. Accord-
ingly, hypokalemia usually arises from a shift of K into cells and/or excessive renal (or extrarenal) K* loss. Further,
hypokalemia is associated with increased morbidity and mortality in patients with cardiovascular disease. It may
provoke cardiac arrhythmias and/or respiratory arrest. Our aim is to suggest better diagnostic tools and therapeutic
principles. The measurement of urine K" excretion rate by spot and/or 24-hour urine to evaluate K" excretion, the
acid-base status in blood, the level of blood pressure, plasma renin activity, plasma aldosterone concentration,
cortisol levels and the urine sodium (Na*) and chloride (CI”) concentration can help differentiate among the various
causes of hypokalemia. In patients with a low rate of K" excretion, hypokalemia can be explained by an acute shift
of K* into cells, intestinal K* loss, or prior renal K* excretion. Patients with a high rate of K* excretion usually have
metabolic acid-base disorders. The treatment of hypokalemia depends on the degree and timing of hypokalemia,
clinical manifestations, the underlying causes, and potential risks attributable to associated conditions. (J Intern
Med Taiwan 2010; 22: 31-39)
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