Hyponatremia in Cirrhosis
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£1519% 1 Prevalence of hyponatremia in cirrhosis with ascites

Serum Na (mEq/L) Prevalence (%)
<135 49.4

< 130 21.6

<125 5.7

<120 1.2
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HYPONATREMIA

N9 1 Proposed mechanism of hypersecretion and renal and systemic effects of vaso-

pressin in cirrhosis with ascites
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Plasmarenin  Norepinephrine

‘mwﬁ. 2 Cirrhosis of increasing severity - no ascites, ascites, and ascites plus renal failure
(RF) due to hepatorenal syndrome - is associated with a progressive increase in
plasma renin activity (ng/mL per hour) and in the plasma levels of norepinephrine
(pg/mL), and antidiuretic hormone (pg/mL). This progressive rise in the secretion
of hypovolemic hormones is associated with a vasodilatation-induced fall in mean

arterial pressure (from 89 to 75 mmHg) and a reduction in the plasma sodium

concentration (from 138 to 128 mEq/L).53
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[ HYPERAMMONEMIA | HYPONATREMIA
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intracellular extracellular
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extracellular space swelling extracellular space
Reduction
of intracellular
osmolytes

Astrocyte
dysfunction

Factors increasing
ammonic synthesis
Progressive hyponatremia

HEPATIC ENCEPHALOPATHY

AN 3 Proposed interaction between hyperammonia and hyponatremia on brain astro-

cytes and possible pathogenic relationship with hepatic encephalopathy

1Y

1. S¥61U serum sodium LAY serum ammonia \uilade M aﬁ%
ﬁﬂﬁlﬁ@ﬂjmﬁa\l@ﬂﬂa‘ﬂm electroencephalography 1%ﬁ§ﬂﬁﬂﬁULL%021

2. M"Y hyponatremia Fuilade " eevdnaasmsiia hepatic
encepahtlopathy slmiiﬂwﬁiﬁ%umﬁﬂmﬁw transjugular intrahepatic
portosystemic shunts™

3. M1¥ hyponatremia Fhilaen” eesamsiia hepatic encepha-
lopathy Gl,uﬂzﬂwﬁv[ﬁ%umﬁﬂmc%ams}mﬁ Mgt
4. Serum sodium 4 independent predictive factor 9843 hepatic

encephalopathy23
A2 “WUIUSS:MI0N12: hyponatremia fAunTo:unsndaugavlsAAuNgo

UONAIN hepatic encephalopathy WA Sewunag hyponatremia
fanu wiusTumMIsunIndeudus vadlsadiuudesny laawmzathais

6 DA IS LIAUIMNESUUNMDIAUOIMSIKDUSINAINE, NSNMAL- "DMIAL 2555




YNNIE6f serum sodium 6AT 130 mEq/L 7M1¢ hyponatremia Luifade
L‘Jm‘ﬂadmﬂﬁ(ﬂ massive ascites, spontaneous bacterial peritonitis, he-
patic hydrothorax 8¢ hepatorenal syndrome%25 uaﬂmﬂf‘:ﬁﬂ’mé’a@gﬁ
sieruarsinasnlalld fmsdneduduiome hyponatremia 14 inde-

pendent predictive factor ma@@mww%ﬁmﬁé’aam%
AU “WUIUSS:M310 hyponatremia AUNISUIARUANNNYMAU

WUNY hyponatremia mﬁm‘ﬁﬂﬁlﬁﬁ cental pontine myeli-
nolysis (CPM) La% extrapontine myelinolysis (EPM) %é’@ﬂﬁﬂh@f@ﬂ@ﬂﬁﬁ 2161

23 nNTIENb

loeflari@nisniaes CPM waz EPM gszming 0.94-1.2%

2291 .61, 1987-1989 Faiiluh retrospective review VDINAMIATINNAINST

A Aa i . v AV o ! o

\"8#37 (postmortem examination) TuithefléEumsgneadiu 14 :1e wu

CPM 4 T¢ Wz EPM 3 78 laglu 4 1efiifin CPM wuhfimsiisaues
. ' 27,28

serum sodium 2&950157 (21-32 mEq/L)™"

{adat " esasmaifio CPM lugihedldFumatignenesiu Téun széi
MELD-Na score 3 e hyponatremia &% hypocholesterolemia na
{de An1siAsuitlaswasseiy sodium luszwinsehdia waydlauy

S o . 32
ﬂ%mmmﬂﬁ blood components LLazm{lﬁ 1TWRININ crystalloid ALY

“anNa N CPM Uz EPM ud2 m3ifinnig hyponatremia £l e
themdstgnenesiy dasee/lulsenentnanuiiv 1fiang delirum Ag acute

. L N A X A X33 o
kidney injury N3¢ acute cellular rejection LATMSAR@NNL AU

A % | % gj 2/ % 1'% [~
mssantanmdslgnenediuin. andeyslunmeneaudisldng il
madentiu 3etfa qUlalldhnag hyponatremia # ‘swasiadamnmasasiia

[ ! o 18,9,33,34
viagneesiumda s

N1sSNYIN12: hyponatremia

A A o R R @ o @ A .
INOITNWIDITUDUEULLIN @D NITLENAIY hypovolemic hy-

Hyponairemia in Cirrhosis 7
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uretic response W Via, V1b recepotrs ‘V‘iﬂﬁlﬁ@ vasoconstriction LE
N3euMaVAS adrenocorticotropin’! (M519# 2)
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drome of inappropriate antidiuretic hormone secretion (SIADH), heart
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A1919% 2 Pharmacology of arginine vasopressin42

Receptor Type Location Pharmacology Physiologic Effect
Via Vascular smooth muscle,  Increase intracellular Vasoconstriction, aggregation,
platelets, liver Ca® gluconeogenesis
V1ib Anterior pituitary Increases intracellular Stimulation of ACTH release
Ca2+
V2 Principle cells of the renal  Triggers an increased Increased reabsorption of free
collecting duct rate of insertion of water, decreased plasma

aquaporin channels in osmolality
the apical membrane of

the renal collection duct

ACTH = adrenocorticotropic hormone

failure L% cirrhosis
| zd A . | g: Aa Lo 2.1/
I@aaﬂuﬁqmuumm conivaptan WNHUNAONIEUEN Via receptor
ZavnliAe systemic vasodilatation wazaaynling variceal bleeding
2 . | % v Y o @ v 1% . 2
99819 renal function weiasene Gk andudasld conivaptan slm‘jma
funds msldmuanussinssTnastaihninssrissslominuand,” e
pEheTaUAaL MSUeNdaulTly selective V2 receptor antagonist YNVNG
(@15199 3)
152 " NENTW2RINTSNWI628 vaptans GluN:'ﬂ'wémeﬁeﬁﬁ hyponatre-
mia
mﬂaq'm selective V2 receptor blocker ﬁwﬁuﬁ tolvaptan WNEg
ST L F3UMITUTaINOIANIaINIUAZEN NSSNNTE hyponatremia
[ o 43 Y a v . .
slu;:{mammﬁe 9N annMIANATULUL randomized controlled trial
. . . . 44
(Study of Ascending Levels of Tolvaptan in Hyponatremia - SALT trial)
d a4 y 2y e o4
MUSuUWEY tolvaptan ﬁummaaﬂslu@ﬂamm hyponatremia &4 M4n15
=< Ao AV ve o \ | @ .
@Tﬁmm\lwuﬂ’m%i@iu tolvaptan YNW#N® 225 At ’mel,muvmu congestive heart

failure uaz SIADH Hiihe 63 auiiiludiuuds (wngileffl Chid-Pugh
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M1919% 3 FoyaNeIULINGH vaptans

Name Compound  Rece- Route of  Specific studies Current status
ptor admini- in patients of clinical
stration with cirrhosis  development

Conivaptan ~ YM-087 Via/V2  Intravenous No Approved in the United States
for the management of hypo-
natremia in hospitalized
patients

Lixivaptan ~ VPA-985 V2 Oral Yes™ ¥ Phase 2

Satavaptan  SR-121463 V2 Oral Yeg™ 4849 Phase 3

Tolvaptan OPC-41061 V2 Oral Yes™ Approved in the United states
for the management of hypo-
natremia in patients with
cirrhosis

Mozavaptan OPC-31260 V2 Oral Yes™ Approved in Japan for the
treatment of the syndrome
of inappropriate antidiuretic
hormone secretion

M-0002  RWJ-351647 V2 Oral Yes”" Phase 2

score >10 %58 serum sodium <120 mEq/L aananmsiae) dileldFuen
Juna 30 5 leglu 4 SuisnazdSuawaenenumasay wasdanasnm
WUNNGNALNEY tolvaptan & serum sodium Wis@upehasI037 Lazsnnn
136 mEq/L #1 20 344 uelilongaenudissay sodium fNausneian
IMATeivnsiaann SALT trial (SALTWATER)™
i o Yo o Y = A
extension Ki3g 111 auldsumMIsneIY tolvaptan (Uuaannaslsvanns

W open-labeled

2% 139nSNTYFY sodium 713NN 135 mEQ/L Meiadiaufiuseey so-
dium nauMsNwi 131 mEq/L wingupihefidusiuudseny wassiams
Snwioundngs heart failure v SIADH wunzunsndauldun e1ms
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[
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2 .Y ! DX v @ o X Aa
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. Mt . 46-50 i ° ™~

ascites W6 WA hyponatremia WU vaptans ¥ bS] g
W8 8 urine osmolality 8AAY WALANMITU solute-free water @9V IR
negative fluid balance W&iM39U urine sodium hiAemulas Guifiuna

1% e >
MISNENGIUE 12 T8 nd9n FeniazenaanabaseL 4-12 T Bui
PNPENTIT UuFnnMsAnETmNanRLNEenNLaN 9Ty ARaINN G

! ra ;::I ‘g a KR A a ¥ a
wel lldnaiaavasSinnd]  eauieiiusinnd!  1eld 4-5 Aas
FatuAeiinsidesen aiafnmna109en6iaTedl sodium 1w

36,37,44,47,51 = i
AT yufla liennga vaptans

B:Jjﬂ’a&lﬁﬂu hyponatremia
Uszanne 1-2 “Uensivh e TN a0 9326 serum sodium 299NN L6l
1-2 FULINVAIMTIAEN 3560 sodium TANTW RALLSEaMs 2-7 mEqQ/L
o 8 & . aY o |

Lay W0V IFEN serum sodium Undledszanns 27-54% laelinwuma
NILVIUGD renal function, circulatory function 8¢ renin-angiotensin al-
dosterone system LL@iﬁNa‘ﬁﬂﬁ plasma AVP VAN

- NANNSSNVISLULEN

TRl nuideies 2 TUATBNUINaTLUEeNT89 vaptans ¢

. av . 45 & |

serum sodium NWITLUSNAD SALTWATER trial® 29 lenauadidnedie i
Ao a X T - X ) G Aa . X )
ok ﬂaﬁﬁwmwﬂu@m £iFULS 97T hyponatremia lae/ 197 i)3es5UeN satavaptan
(USUIIM@ENMNTEAU serum sodium) SINAUENTUL] 1Y 1W15DSNISEaU
serum sodium M6 luszezna 1 1
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Wa€19LALIRY vaptans
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wadhafasinutlea? » Ao exmanszmnenh Fewo 1t 20%7%
z L% % £ EA ::!I a z 1'% |
uona Nt luwms i vaptans femsseisnmzunindouiianaiods [&un
1) hypernatremia Waganng negative fluid balance AMNNT
Ao e ' . [ 37
fnIdeszas “uwuname hypernatremia wuldlitae Usvanm 2-4%” Toe
vy da o va_ sy o | ea A 4o Y
Aihefifisiuanus “nénfaUndifianan " eefianfin hypernatremia I¢iiag
Voo . P T o -

i flasnlal snenfiavdanh | fachafeswaiioraeems o e free water
Aannifwlimed! 1y deiludihenladl ndh mMslF vaptans a3 liee
0% [ A d&d‘ 1'% QI/ L YR % dz 1

ANNsEaTEYs vide lunsiiiise IWaissaaunseiiefihed “néndtunan
2) MIANIUIDIILHY serum sodium 7I5uARl (>8 mEQ/L 1w

36,37,47 Ay o oV A
o ’Mﬂd']%”l’ﬂﬁ“/ld%aﬂilEIQ\ILS\IW‘]_J’NLTW@

Funsn) wola lsivaeseano 4-14%
NN central pontine myelinolysis mﬁm‘ﬂﬁm aH'NVLiTgW]m Glumi%’a
méwf‘i;iiﬂayvlé’%fu&mswdmagﬂﬂmwmma‘iwﬁuﬁmﬁﬁmmm protocol 9
FoamTiasHL sodium v Tuuardemynendseiy sodium Ws@usann
8 mEq/L ¢1a7%

3) renal failure Lﬁaamﬂﬁmm@awa@ intravascular volume bl
NS Anusn e linuhendinansmosomvhasas lasasdls ef-
fective arterial blood volume §7¢ (I@El‘]_lizl,ﬁ%’ﬂﬁﬂ activity 984 renin an-

37 1 =3 wAa o | LY ~1 = =3 2.1/
) B H']\'ivtiﬁ@]']&lﬁ'ﬁ']ﬂ HENNANENIL NN MIFNINTZEIY U

giotensin system
Wt
o o 1 ¢ R © o Y A
81 vaptans Qﬁﬂ?ﬂ@NW%La%\t‘ﬁN CYP3A ’QG@]@G?Z’N%?T{L‘M@JTWUEHVI
fwasia CYP3A vaeniidlu enzyme inducer (1% carbamazepine) 198 en-
zyme inhibitor (L“Ii'% calcium channel blockers, clarithromycin, itraconazole)
2 . P 2 o ) ¥ o A o
M9 grapefruit juice 68 Fsazynassuenwauuwasly e
NAYBIN1ISSNWIN1?E hyponatremia 28 vaptans GL%N:‘]'J’JEI(;I'SJLL%ﬂ
L2 ¢ﬂ| 9: 2 A (3 o @ 9:
1. @‘ﬂ’)il WNW?Q@N%’]\IQ@HNﬂﬂW »LZ\IWBGQTWWWWW]
o . =< PR DX AV o
2. am‘ﬂa@ﬂumimawm serum sodium GﬁGWU\IL@UBEJéL%@ﬂ’DEWlVL@W
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