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Disorders of Potassium Metabolism
Joo Hoon Lee, M.D.

Department of Pediatrics, University of Ulsan, College of Medicine
Asan Medical Center, Children’s Hospital

Hypokalemia usually reflects total body potassium deficiency, but less commonly results
from transcellular potassium redistribution with normal body potassium stores. The diffe-
rential diagnosis of hypokalemia includes pseudohypokalemia, cellular potassium redistribu-
tion, inadequate potassium intake, excessive cutaneous or gastrointestinal potassium loss,
and renal potassium wasting. To discriminate excessive renal from extrarenal potassium
losses as a cause for hypokalemia, urine potassium concentration or TTKG should be
measured. Decreased values are indicative of extrarenal losses or inadequate intake. In
contrast, excessive renal potassium losses are expected with increased values. Renal potas-
sium wasting with normal or low blood pressure suggests hypokalemia associated with
acidosis, vomiting, tubular disorders or increased renal potassium secretion. In hypokalemia
associated with hypertension, plasam renin and aldosterone should be measured to diffe-
rentiated among hyperreninemic hyperaldosteronism, primary hyperaldosteronism, and
mineralocorticoid excess other than aldosterone or target organ activation. Hypokalemia
may manifest as weakness, seizure, myalgia, rhabdomyolysis, constipation, ileus, arrhyth-
mia, paresthesias, etc. Therapy for hypokalemia consists of treatment of underlying disease
and potassium supplementation.

The evaluation of hyperkalemia is also a multistep process. The differential diagnosis of
hyperkalemia includes pseudohypokalemia, redistribution, and true hyperkalemia. True
hyperkalemia associated with decreased glomerular filtration rate is associated with renal
failure or increased body potassium contents. When glomerular filtration rate is above 15
mL/min/1.73m?%, plasma renin and aldosterone must be measured to differentiate hyporeni-
nemic hypoaldosteronism, primary aldosteronism, disturbance of aldosterone action or target
organ dysfunction. Hyperkalemia can cause arrhythmia, paresthesias, fatigue, etc. Therapy
for hyperkalemia consists of administration of calcium gluconate, insulin, betaZ agonist,
bicarbonate, furosemide, resin and dialysis. Potassium intake must be restricted and asso-
ciated drugs should be withdrawn. (J Korean Soc Pediatr Nephrol 2010;14:132-142)
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QIAl LHOIM 2l ZE2| 7
ZEe 8% Uolldes 4-5 mEq/L 459 &%
O 2t EAJFA T ALy d e = 140—150 mEq/
T EER T ool oz EAstt
[1]. o]e} 22 MEl9]] #2 w5 Afoli= My}
of EASHAA 3:29] HEE YEFS AlXE yho
ey ZEs AlE Y2 wolEoli= Na—K-—
ATPase H3=ol| & A1), 2435 A
o] A% AF kg 50 mEqe] ZH& 2l Sl
o]% ZA3xe] 3,000 mEq, 7HAI3Ee] 200 mEq,
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5-10 mEqt thH o= whuzick(2]. 41742 7]
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o] e Afel thHoR Ak 2
F9) 9ol 50 mEq7HA 37k 5 SleHz].
2E APAE Batol of bl ol 291 Aatt

oA 60% HE7F g =i, e el 20—
30%7t A& =™, WA 10-20% J=7F AW
S Foto] whAuziet[2]. A FAEAAM =
UTEAHES] 2ol A T5AQ ZEL 2

7} oJojihd, Hatwke] Ato] A|Eo|HE H-K-—
ATPase B o&|H SE20 252 A&7}
dofde [2]. ol9} e FEAQ 2F Hule} Al

T 9L Falo] QA e BEY Bt IS
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(Fig. 1).
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2) In vivo: ZHge] AIEZ W29 o5 éﬁA]y}
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ol Al @]9 E2RIXE sy flete] AW
2% 359 transtubular potassium gradient
(TTKG) & 3tr}3].
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Fig. 1. Differential diagnosis of hypokalemia is shown [15].
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Hypokalemia resulting from

transcellular potassium shift due to drugs or leukocytosis must be differentiated first.
Then, check urine potassium concentration or transtubular potassium gradient to dif-
ferentiate among causes of hypokalemia with depleted potassium stores. Decreased
values represent non—renal potassium loss or inadequate potassium intake, and in-

creased values represent renal potassium loss.

Non—hypertensive renal potassium

wasting is further differentiated into disease associated with metabolic acidosis, hy-
pokalemia due to vomiting, or renal tubular dysfunction. Check plasma renin and
aldosterone when hypokalemia is accompanied with hypertension. Hyperreninemic
hyperaldosteronism, hyporeninemic hyperaldosteronism, and hyporeninemic hypoaldo-
steronism associated with other mineralocorticoid excess or increased target organ
activation must be differentiated according to the laboratory results. TTKG: transtu-

bular potassium gradient. Abbreviations:

GRA, glucocorticoid remediable aldostero-

nism; CAH, congenital adrenal hyperplasia; HSD, hydroxysteroid dehydrogenase.
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- Acetazolamide: +$] AA|x
anhydrase®] &85 olAlste] TR A4S
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- AW AA4(CD7F 20 mEq/L old]l H$-

—Bartter %" dl#ag]e] #& LT
(thick ascending limb) ol|4]2] o] A =
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- Glucocorticoid remediable aldosteronism
(GRA) (Fig. 2): €E2HE I aLE W=
+ FAAHCYP11B2) ¢ 11B8—hydroxylaseE %t
ol FAAHCYPLIBD &= A& 95% Fx=9]
Ede 2t olom 8¥ Al MR QIS -
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(ACTH, adrenocorticotropic hormone) |l 2]3}
A1 CYP11B19 promoter sequence”’} AF=-& 1t
Al E¥ coding sequence®lX 2] 11B—hydroxy-
lase?] §Hdo] F7lste] s=E|E2] Yrteo] Fkst
A AH9]. sHA%F GRACIAE= CYP11B2¢ CYP
11B12] Hlthd 9271%37] (unequal pairing) 9!
W2}H(crossover) 7} AojiibA CYP11B22 promo-
ter sequence®} CYP11B19] coding sequence”}
Adslar CYP11B12 promoter sequence$} CY
P11B2¢ coding sequence’} A&sHA ©t}H 9]
ol gt A% A 2dlile] s CYP11B29] pro-

A=z EE

Angiotensin ACTH
5'—Ja ﬁ _IL ¢ =3
Aldostlerone 1113-

synthase hydroxylase
|Aldostlerone|| Corltisol |
s EEE-E S ——

5 ———(NEIHT © ¥
]

| Unequal pairing + crossover |

5 3’

Hybrid gene

Fig. 2. Pathogenesis of glucocorticoid remediable
aldosteronism is shown [9]. Aldosterone syn-
thase is an enzyme involved in the generation
of aldosterone activated by angiotensin II. The
synthesis of cortisol requires 11B—hydroxylation
of 11—deoxycortisol by 11B8—hydroxylase which
is regulated by adrenocorticotropin (ACTH). Une-
qual pairing and crossing over results in the
fusion of 5’ promoter region of the 11—hydro-
xylase gene to the coding region of the aldo-
sterone synthase. The product of this hybrid
gene 1is aldosterone synthase that is ACTH
sensitive.
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- FEHAHAT 2 (mineralocorticoid) ©] 5
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Hyperkalemia

I
¥ ¥ ¥

Redistribution True hyperkalemia Pseudohyperkalemia

Glomernular filtration rate

|
! !

<18 mLimini1.73m? » 15 mLiminf .73m?
1 l Serum aldosterone
Decreased Increased
urine output potassium loading

Renal filure K infution

Transfusion Decreased
Tumor lysis
syndrome

Decreased Nomal/Increased Normal/Increased
Interstitial nephritis Congenital adrenal hyperplasia K sparing diuretics
Diabetic nephropathy primary hypoaldosteronism PHAtype 1.2
Obstructive uropathy Addison disease/ACE inhibitor Obstructive uropathy

Fig. 3. Differential diagnosis of hyperkalemia is shown [15]. Hyperkalemia is defined
as a serum potassium level above 5.5 mEq/L. Transcellular potassium shifts, pseudo-
hyperkalemia, and true hyperkalemia must be differentiated first. Inadequate renal
potassium excretion or excessive body potassium loading can be causes of true hy-
perkalemia with decreased glomerular filtration rate (GFR). Check plasma renin and
aldosterone when GFR is above 15 mL/min/1.73m% Hyporeninemic hypoaldosteronism,
hyperreninemic hypoaldosteronism and aldosterone dysfunction with normal aldoster-
one level must be differentiated according to the laboratory results. Abbreviations:

ACE, angiotensin converting enzyme; PHA, pseudohypoaldosteronism.

2. X2 1. 220l 2et ILEEE
A AgkS Amatal ZEe BEdllrha] A 2] 2 GAFolAIRE Al e o] 7

AELN o ® he = Aot [12].

D) AF Azl e A9 ATl 2

g3 ZHgo] 5.5 mEq/LE 23sh= F$5 43t (proton) AHA7} S8t A AHd3
t}[3] (Fig. 3). I A EEke] gRFo] fEo] M3 vt
UH7] F- Ae Jok12].

) 249 B} Z7hshe
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AL o, At &4, At AAl T 59 A5
off 242 gl SJalA A o] vhge] Aol
Azejdor wEerHl].

3) 234 (hyperosmolanty) A2 oMo] A&
S5 TVl HW AR Zpolel] QJaliA Al
W o] ylo = H“}Xﬂ‘/}ﬂ”“i A7} 2 EA
w31, FHAaE Al R vl aske] iAo ®
A 2 557t S7FsHA Hof 2
= jEEn12].

ol Al vhe

D g S, A5 AR AL Ao
EERRECEEEEEREEY FEOEEE
7 a2, A, Gregel olaiA s

ASrE el A Fo Qs AL o 29 2 A
B9 A AGUAN BF W) el €3

A aZEdSel AZIv12]. *,UZH ugde] o3

A 3 R} o] Al Z2Eo] A ghow
sjEECh[12], YA, S A%o] WaE A9

AR o ipgo] Aasle] Ao ZE wlE Tl
ragte12].

5) HlE2 A3l A178-2] X" (macula densa)
oA 2] el EHE s AAAN dEEE] A
AHE AR 12]. T3 AEU ZES AE W
O % U MEe) ogt ZEo] AHAFHE Al
[12].

2. 714 1EEET

Y A BF S5t EomA A o)
QA WE 571 (5>70,000/ul) e @457}

< (>500,000/ul)°] & B¢ 7Hd 1ZEET=
o galef geH12]. & RAFEFS FUE 5 9
A

© U o] flaL, AR AAMS o 230] 9l
oF slt}H12]. 7MW 1AFIES haskE e
3 Ak slakde

e Qo
J

NS SAANT=

1o
o
2

)

o
o
B
[
S
>
o

ol

132 - A 14 A A 2% 20104

_1

NG ST 2 B AARE FAlol Alsste]
e SEE vwsiA I3 ZEol 8 Zgel vt
©] 0.3 mEq/L o1 & o 21d3 5 qloH12].
AAZ 1ZFEDZT] e Zo] o7 wjitel] 2
Q3 A7l QA AZFEITS FEATIA GE
= oo} shrh[12].

D 7148 7MW 12w ds 4
(spherocytosis) = F34 ARSI TS7:
(stomatocytosis) 2} -2 Ago| Q= A9 715

oA, 37°CE] Aol A golx|rt Poljo] A =]
o] Aol :xZd A5 AT 2o Fado] ujd
Ao g F7tEe] AdTy o] R WUEE
= A-foltH12].

1) AFEA ©]7Hgo] 15 mL/min/1.73m? w]9ke.
Z 7043 A NS B3 AF wEo] 1A
= Aotk [12].

olr
-

(2) /\171%01 28 AdeelA 2o Fabt 5
7VlRe S RS Fo, Y, 5 g9, F5
&3l 5 12]

2) A} 78] 15 mL/min/1.73m” ©)732l
A9 AU EAHES = AT AHES 21 7]

o] 7150l AskEl= A-poltt12].

(1) % dErEEo] 7haso] ole 49 A%
o) el FEAHES GIE W T E
o] whgo] Fhaate] Zge] wiEo] FHARTH 12

O 8% gdo] w2 - (hyporeninemic hypo-
aldosteronism): 7Hd A9, G AR5 e w4

Q2 AT o] AFEA|GAA] (Juxtaglomerular
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o)FE : 2E tA Yol
apparatus) 7} £A4E o] #d o] Bu7t 7k A

-5 wer12].

@ €7 #do] ol =2 - (hyperre-
ninemic hypoaldosteronism): #d-& JAHZ 02
AHEARE Gt AAE A FAL Ao Ao o
A AGEAE RS B ot (Addison dis-
ease) ¥} o] HA19 A= (zona glomerulosa)
o dEAHES] 07t sk AgolnH12].
A ElA] Hekg A AA] B QP BN 7§

(2) G didEo] A B g e
A5 ALEAHES, Pseudohypoaldoste-
ronism) oe“:/\Eﬂ T84 = A yEF
TE B 2w TR Vel AdkEe A-foltt
[12].

@O AE 7H AdEAHES
dosteronism type I, PHAID

. /g—oﬂ;\u;q] oﬂA—] PHAI: _erﬂ;i_g] L]_E
Holo]| el el UEF
HH7F A gl = o .T’j'e 3ol sHHETH13].

- 2 AAA A PHAL FAIE o] FE5214
Az = A9 Holo gJajr] dEAHEo] %)
|ohA] Fato] 1dFEdSo] wRkETH13].

- ZE R A

—Amiloride: M8 YEF F2& At
o UEF s S7MAA olx 282 stee A
A B4 PHAIF 322 71-e) SJaia 123
Zo] Rk 5 vt [1].

—AEAHE 84 AFA!: spironolactone
T+ eplerenoned} -2 o2 4T AHEY HAY

x%_i 01-1:/\];1]‘_ Toxﬂoﬂ @sl-g].oq oLt/\Eﬂi

(Pseudohypoal-

B0

A B2 1l 7k

S L CEE
ATH14].
o2 @ Aol A4 e 7
Ho] ST QA Age) Ao 9)
) S Bk e B0
8719 4] 98 7H AskiEsE|EFol
b&ﬂﬂ uAFEITe] A 5 doH12].
@ A2% 7M AYEXHES
dosteronism type II, PHAII or Gordon's syn-
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ox N, ¥
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(Pseudohypoal-

drome):

CWNK QAHLE A= ATP7} Adkehs o) o
o (catalytic domain) ©l g]210] ¢t (with no ly-
sine, WNK) 3L 3fo] 2071 o]Fo]t}[13]. WNK1
T WNK4+= 99432 Na—Cl cotrans-
porter?] A5 AAsh= &S FrH13]. PHAI
T WNKI1 Hi= WNK49] ®Hol7} A4 Na—Cl
cotransporter?] Z}-g-0] AT o] 2 9]atA| o
Ao HEFH 40 Aea7t S7HEE Aotk
[13]. ¥ oz A7 Ags= Al e
UEF2] el FHasHA ¥, —T‘/‘ﬂﬁ o UEE &

= ot AETEs UEFS oF B9t e
ol w2t ZF SE2E T3 4FY 7
A foH[13]. WNK1 B WNK42] wo)=
ok dyage] # SFFRelA Na—K-2Cl
cotransporter®l] 284 S48 ZES ] Al

PO Fnjah= 98-S sh= ROMK 522 A8}

= s spl 13,
TLEEZC 34 L A=
1.5 4
DRFEF) Yol weh vl A S 4

ol AIEER: BT veFstAl ek = Qv

ThP-E] Al zel A B el AIE Qht B 2 E
Tof mlef Qe AAerk AdH o AE b 4

ZE she 4 mEg/L AER W] wiel 9% 2
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Ak £57h 3423 A3t PR 1443} QRSEE 4
o7} S7ketaL, ALY WIETt STk A3t T
sol7h S7FE12]. Aalid B AdAlso] B

Aw) 7haol 2a 5

) =
7, slek, 1z Fol fud & glrHizl.
3) AAA: 747k o)y, olsk mhul[12]

4) PFEA: 7, T, 5, vl [12]

1) S35 (calcium gluconate) &) A
Al A oido] FREES A 8 Zgol A
Aoldats 71 A 2 AAE oz Fols)
o A AT 4 AQRTE AT 12]. &3+
1-3% el YelA 30-6083F A&HcH12].
5—-10% el 237} UehA] ok& A9 thA] Fof

stes tH12]. &, TEA T o] FHor F

e 7 'k o] A = glormg A
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