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Hypernatremia and hyponatremia
Dong Un Kim, M.D.

Department of Pediatrics, College of Medicine, The Catholic University of Korea, Seoul, Korea

Sodium is the major cation of the extracellular fluid and the primary determinant of extracellular
osmolality. Therefore, hypernatremia causes water movement out of cells, while hyponatremia causes
water movement into cells, resulting in cellular shrinkage and cellular swelling, respectively. Serious
central nervous system symptoms may complicate both conditions. Since hypernatremia and hypona-
tremia are accompanied by abnormalities in water balance, it is essential to understand the mecha-
nisms regulating extracellular osmolality and volume as well as the pathophysiology of hyperna-
tremia and hyponatremia, in order to manage both conditions with swiftness and safety. (Korean J
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22 A% 60%ES A=, 40%E Al (intracellu-
lar fluid, ICF)°laL 20%% AE9] d(extracellular fluid, ECF)
olt}, MaEL]NE FA(plasma) @ 1+ H(interstitial fluid)S
HAA wehe HezA A7 AFe 5% 15% 5 A AX
Qol(g4n rEdM)e] Na $EE 135-145 mEq/LE FA €0,
olf gt o] A MELAN Na TE7}F 145 mEq/L
o2 g AS IYEFT F(hypernatremia), 135 mEq/L
o2 Hojx Y AYEHFEZ S (hyponatremia)oletal g}
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Ao =3 J|H

4 (osmolyte) 2t 3k Al

F& 25 = (osmolality) 2k g},

¢} = o
3o AEATEE Altste ¥ 2
) [glucose] [BUN]
Plasma Osmolality = 2% [Na]+ +

2.8
Ergoly 24E I AWt mg/dLE BRIEE ol A
FAFEE(mOsm/kg) 2 #Hitstedd 10015 dlE oy ExEe
2 Yool gt} dE 59 €% ¥=9 FE7F 90 mg/dLY
7 E AFAFER 3EE 5 mOsm/kg7F ©THO0 mg/

AEAFES] 9 e g9 1 kgl B0 Qe BE IR
o oA wk glo] FAA xE¥ aivw X olfe ¢
2 EHEL £HoRE dut HA &a ¥ P& wiEe] ¥
2 e v xede 3] webA 50 mg/dL ©lskelA]l 500

+ BUNXE 5 mg/dL °lstellA 100

=
= gy wotl @48 Z(yremia)
ofabyl el AR yREe

Na'9} 2o Agsle Sole(Cl, HCO; S)olmz Axglol
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AFEe i (2xNa)2A 285-295 mOsm/kgeolth u}

o %A
e A el ol AEs el ARAFES} 7} w
£ gagvks 2% AESYY Na ¥/ 37 B agn
= e 2e o ArslE Pyl

moreceptor) 7} AolA AlEe]H o] AHEAF
A olo] whgEte] #AES =73 B
W ZZo] gloldA & AHAE FosiA =
Ho] AEAEErt s Aol FARTF e 3EE-
71 o3 dojub= W o R Eo] HIHFHAE WAstL
g ket opa A @
2) AHOl SIMIl SRS Sst & &
AFFA A BeRE FEUR g oj ity oo NREAFE
E 8% AFdeEe 2& 300 mOsm/kg A=elth 1Eu

Cortex

Medulla

Loop of Henle

o] ool AN =TS AXA JFH A A HFT AW
FTEE 50-1,200 mOsm/kgZA B39
FAFERY gold £ 9u old Fx gk Awe] 4t
Aerert @40 AFdsErn vtow M n(diluted urine)
il skl Eo™ F3Hm(concentrated urine)EFal dhH 3]A
= 1= 713E v ZohFig. 1.
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Fig. 1. Urine dilution and concentration. The thick ascending limb of Henle is
not permeable to water but actively reabsorbs NaCl, which results in the increase
of the medullary interstitial tonicity and the dilution of the luminal fluid. The
diluted luminal fluid is excreted as it is in the absence of vasopressin, while it is
concentrated in the presence of vasopressin, the hormone that causes the inser-
tion of water channels(aquaporin-2) into the renal collecting ducts, allowing the
reabsorption of water from collecting duct lumen to the hypertonic medullary in-

terstitium. AQP, aquaporin.
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3. X9 =& (Regulation of volume)

£4 (volume)©o] F7tEo] oA IUEFIZFO] A A
T, B AFASNAY AWE w55t £S5 ¢ devhd AYE
FE5L nAHAT §4 ¢ ZUlsA gl dhde] §4o)
il QoA AUEFHZFC] e AF AWS 3435d
55 WYY AYEFESS A=A 84 o gastA €
of mebA &2 AT T1de] Hasith 849 24
2 Yd-oA 2 BA-LdE=~HE A(renin—-angiotensin-aldoste-

rone system)$} ololl Adsl= AW YEFo|x @l (atrial na-

ARG AR (juxtaglomerular apparatus)® QA M (af-
ferent arteriole)® XY %¥Hmacula densa)o.2 T% o] 1o
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F4 24 (hypertonic saline)
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EoHEe] 3432 £H9 Na 5% 10
7b Aok webd Na AR B9 Ao v A g5
(hypernatremic dehydration) *Ei7} Ft}.

oH=x

3) 25 Z(diabetes insipidus, DI)

8RFEe MeEAelA mhazedle] BHlHA W= FF4
28 (central DDF M Aol A vhaselale] Bl 4ol

U T2 Y V2 834 7% Z(aquaporin-2)°ll €]
| @As 24 25F(nephrogenic D] vl F 4%
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4) DUAEAHEZ(hyperaldosternosim)

TAE2HETO oA F2 JFHAA Naol AFF7E &
7HEa B kg AFFEHER SALeR Axede] Tt
th £4 Z7bl o&) nphZAl vt AAFHER aW F
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Wele] ZHaE Qg A 95e]  EAZE HA G HAE PteFE gt
o A5 AMERNo] AEH AA A o] FolEolA Tz IYEFESIH TvE g9 £ 84 o] uwAHw el
3 Hete Ry Aol AIEA d@go]l HoAX WA FAW o tiF ARS dfof vk AHEFITES dol Al TF
=@t 29, AFdst 28, dHEd)e] doid F Avk A fFTolEh HaZEiS Tt 7HE &3] AMEH = vt
T8 23 Aol mAEARET NaHCO:E 43 Tl  2ZHA A= desmopressin Bl A Al(nasal spray) &4
A9 HAY 8o wAo] ZU1Eh=E Aow A Zhg Alzke]l A gl 253 10 pg(0.1 mL)& gl &%
TUHEFIZ] Uo] #FEF Nao AFAY ng=xees & vl AAstEolof Aok A4 2839 ARE AL
3 o] Na FEo] 9]g zolztd . & A¥sUA  thiazidett amiloride® Tl Thiazide$t

o amiloride® 27 99 W Mo Na'-Cl- cotransporter
o} 73 & epithelial Nat channels 2este] NaClel

gt 17 : 34 -
AZ o] AEeaom o o]Fo] goum x4 g ES STTRT o IS FaAA FHMmTo R E
. . . . 11 T2 = ] o]o b (ele)|
(isonatremic dehydratin)tb A4 ©4=(hyponatremic dehy-  NaCl = =0 AFTE S/ OEA AfAaRo R FH
dration)l] vl8le] AELe|dlo] HwA @ wEHL wey 2y o = FE& FATH 22 olmAl(furosemide) = W ES7]
e BT LuFe] FATAW, U4 Fo] vehiy] Ay A wSERZ AAT o AW &8 sReHE ST
o u AT o e 24 et Do, #18l indomethacin® &9 vHlAZHAS Fosls WHE
0=

3. ILEEES9 A=

AYUEFHEZY wAgLe APG Ads £98 Foste I MLIEEES
Na =& 3FE AQu Fosor & He] vt AHEFIT
o] o HAxE ES WA &7] 98] glutamine, inositol 1. JUEEE S| loln HEel Ma|
59 714 A Z(idiogenic osmole) g A3 o] AlEU 1) 22 112 MEs A
ARAFEEE EoA Atk AUEFHTo MM 2EFE 25 wol A5 4= AWe IXEo] A wWEd v}
ST del f718 AFHe] AEol AUEFEF T jgxn = 2L o= Ar o HIsiues 1 wE W
o mebd old AgEelM IUEFEFS YN @] wAst]  om xesRS wjMd = gomw AJUERHZO ulasx|

] = _%
XU §7148 AFEel AAY Azte]l gloA HAEZE $1FE sz AYUEFIZo] wss Aotk
Aejolmz wha] mAFd Folof ) 2) SANa)2 MF[GIX| oMM E0F Z2Y O E AR
A Na v=7F EowA &5 el 2e a4 25(hy- SA(Na)®E = of

pernatremic dehydration)®]gtal 3t=dl ol =3 Nat A &
of Aoyt E8 o Bol &2ds Agolth uEhA AFAE B wiAlsd #8419 €4 Na FE7F ZAAE HAS W 3
|AqE F= Zlo] A5t} 1/4-1/3 AHANIDF = 534 Z<4(isonatremic dehydration) “El7} @} kst
TRt g8 JA3] wAer, vk X= W 5 L
[e]

S Na %27} 50 mEq/L]! Ads A48A3S o o8& ¢
Na s&=7} Wi e gojxx el 1

A
Jojubd whe] 3% NaCl 7l agstel¥ Na &%=7F 50 mEq/L?l ¢
1

= bl
S 46 mL/kg A% FA3te] tAl @4 Na 755 &85 Shed], wheF WEY o] olRth AFAS] Aoz hAE
oF dt} =gl ol Ast Ao dd A4 S(sona- W 1 LE EF diAE] A €% Na wE7F ANIEER
tremic fluid)22 %7] 94 42 H(initial hydration)< E Aol gt &4 o}z HFHI TAA

A&y 44 Na =%

gl o] W= ¥ Na v%7F UF 3438 "ojxd ¢txlue=z st

Rigner’s lactate(Na=130 mEq/L)® .t A2 dd4Na=154 AlE

mEq/L)7} b sttt th e Ao Al Ao FEalHA B wlAlE 3l
IHEEIZY €990 Na 59 23 RozA 5
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3) &0|z222 rHREH| SFT(syndrome of
inappropriate antidiuretic hormone, STADH)

Hpaz e sehn)s ¥

T e, }qﬁe —,——,——ﬂ/‘]’ ‘:"] 75‘
FAAA AFE g1

2 }Oﬂﬂw & wgEt o 9o
A, A4 5o AABE GUA 5o Al A A= @
AE % 9de

ol= 3}
L

44 dF ezl el B0 255 SA(AUEEFY
o] AR = el FAolA AR RtAZHAS X554
o7 FslddE BFE Z4e UeUA gl 1 olgt A
A e v wE upAy] mjRoltt? wekd AUER
5o nprxoale] B Fejeld o] s} 437h lojor
T oubgEts 9o AAE ABS sbd FapSo] WA o
>

Fe WA Qi AEelA AF dejdnt Y e ojyel
= g 2SS AAAAN GRS
sWo] gMER gtoma Ax A
S RolA "t} £Ao] <7k ZriH
o|mE AROE Na HiAo] F7iste] AW Nao &2 tha
g Aot
4) NYTAHZEZ(hypoaldosternonism)

Fwodgo] AR Naol zﬁ%¢7} Aasnz 2w

_1% T m'lﬂ 12

#o} shH] SIADH wli
o] f4e] AUEFEF

/\O],

o |z

F

F

pxo o o> B

1-h droxylase Aol °] 744
¥ AL =2 H 23S (pseudohypoaldosteronism) ©]
) Ch=l & SiH| ZFF(cerebral salt wasting)

¥ W (atrial natriuretic peptide)®] Zt}EH]
of o3 Aoz AW HFF FE Y HFE ALY

A &, WA E FFAAA WHel 9g W 2 wya, wE
ool 9la A gl FoBa Qi @xfelA AW Na
FEOF o] Hmrh ko AUEFHF] AT

6

) A2 oISt Bt
Atelef =y gede W Axtele]l Na FEE 50 mEq/L
dwolth Naol Hl3le] B8 @Wo] A48 Huz MAl A=

= 1734 @4 (hypernatremic dehydration)”} 9t} $x7} &
T2 =AM BE E= Na %71 10-20 mEg/L A= A%
d E&dE wiAlthd 3ol EFF Na w%7F o] HAS o

1,
uith
l

it
o
_?i(l

0N

2= 544 Y5 (isonatremic dehyration) “&Ej7F T} #2}
€ b4 84 A AHeRR BS A% HFsta 4] v&
Hol A5 AYEFISe] 2T 5 vk Aol 23 HAt
FATE A gdA, T4 BFA, A gedAE o
A7t AdAtell oAl B Rkl HEodvh AAl byt
EFEES Wi o e dAE o}DW =& AeA %
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FIAY YR e SRE HFHAT Agolxm wE A}
A7 AUGEREEFS BRlvtd Ao 58 dEehA AF
gk Zg-olth, &7t 48] Nafl A4 (extrarenal Na loss)®ll ¢
g AoluR - Al -G sHE AV EgstEo] AW

9] Na %% 2% 10 mEg/L °l3t& ul$- wrolzi}

7) 12| O|'=MIL} thiazide & Ol'zMQ Z7| A2
oAl *}ﬁﬂ Aed= AW Na s&& i %9
et Na Bt} &£ 24l ARz Ao

1734 B4 (hypernatremic dehydration) El7} ®dh &8 o}

MM EF Na $EE AGIANARE olwa] AHgom HHom
Na 44o] ALHBR Naol HFo] olFofAA & 3 &4
Hae A& ooy 823 AE B vAA Ha A
AVGEFES JE7t 2 7heAdol vk @3, olmAlel s &
A Azt B Fedde dd-dARN-gdE2EHE A7
Bt ARE o)mAle] Ao AWOR Naol Aol A4

Hol Na ¥%E 20 mEq/L ol4olth

& Al thiazide @ ©]3Al AHS At At

EFPTo] 24T rteAe] e 1 olf thiazide ¥ ©lm
Ae 99 w3 Ax#e Na -Cl cotransporter® xHghaho]

NaClo] WdE F7M7IAT AWe w58 WilsiAe &e
I 1] olmAlE #Heddlzhe] Nat-K'-2C1 cotranspor-
terg st NaClol Wids T7HA71% 2 9ol &W 55&
it b 84 AR Rl HF viAE Al

=2 AU fAHYHgE AHS FEATA EslnE AYE

o] wAshs 7 Aok,

8) YL} QHIES FO0i8 AP} Z0| AH0 CHake| AT

o 20| ENF FREFA olx)
)

A el E5EA @ A5FA EBdo] thy Exgchd
WO Nagt 29 &slo] dojuth 29 Aol ¢ & o
ol 1 AARE IYEFITo] BATAY TxHoRE &
2 AAZ QY BE AL AFASEE AYEFEZe 2 /bF
gol Art FAAINHE] FHTH & ol FAHHJD 247}
Il & 2e Ve IYERF
g5 = AYEFISTS 402 & 9

9) MEEF, 71435, SEM AR

oldl AgoME THAQ dF e i vrzly
SE2gEo] BujEo] FEoA £2WE FFHI Na9t =9
T A&En Wb F ANH Na do| & o 7k 4
golxnt A= AL A4 98 AdFAstez Eo| FUbt
o Bolr AYEFIZo] wgsict?

N

H%O] gk 5&73{1 CEis
2=
o

_‘:’—‘_
ﬁlﬁ‘ji H*ﬂli«l B TGS A



= dEel=
3} A TFA e FZE8(central pontine myelinolysis)ZF
BAE 5ol wEkA ahRel 10 mEg/L ©l4 AEAl7IA
grz drf?, B23Ea go] FHoz AUYEFIZo] LAE
R AGde HAE FEFES wy A Folof R mE
e WA oF stk

AUEFE S dlo] FololExtel] A4 44 59 34
g RBola ok g A Ao weE ¥ Na ¥
TE &7 FoloF @l A Na sEolA Y= Na 552
Y=Y 23 Na9| &2 &) 2t

Na deficit = (desired [Na]—current [Na]) XBody weight X0.6

o] F2el o3t ¥ Na #%E 1 mEg/L <83 Ao
0.6 mEq/kg® Nags F43tH #r} 3% NaCl €99 Na
EF 05 mEg/mLelth webA 3% NaCls 1 mL/kg 73
F2e] Na %:_‘-:_‘C °F 1 mEg/L <3t 3% NaCl—‘ 4-6
mL/kgE Fodte] €% Na 352 5 mEg/L A= &
AYEFHES 9% %L*é 4L U2 HEch

A7 @ dEold AUEE
gafoF gty 4734 @ (hyponatremic dehydration)®] XEE
T OAR o] st AUEEESS wAsty Ui 5%
d g=(isonatremic dehydration) FEI7} H22 AUEFIS
o wAN A g AsE Wastd drh

/‘\l%f’z_} Zl-ﬁ:g]_ Otsﬂxﬂ A]Hxh,]. gilo] J_zq]ouaoqu_ Na ooko]
= Ei]"“ahjr Na®] o] 7 F7hsh Adejol=
AHE Aok ) olmAlE Nagt &9 =4
=

rﬂ o%r g

%:g] j{_;(’r ‘6‘1—7]“ El—/\c ol

2 FQnE wgol B 4 gon mIHY BFFE 5]
S8l AFFEolt AFHY A ARWE Folsan ARHE
AuESe et ok AEd

Al W wE 7S AN Ak
sh=wl oI5 SleA furosemldeé' Folgth e olmARl fu-
rosemide™ #H< = Na'-K'-2C1

cotransporter= Z}DPO}@I NaCl9] %%

]
2% FE5S WeEldth gEkA furosemides ¥E9] R Al

mL/m%day °l3t& FW AUEFH
H5o] wAHE FolE e 50 mEq/Le NaClS E&38l= it
§7 gdoR FH Z8H1,000 mL/mYday °3hHT 3HH Ak
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