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A Randomized, Double-Blind, Placebo-Controlled Trial of Spironolactone
for Hypokalemia in CAPD Patients

SomchaiYongsiri M.D. ! Jiranuch Thammakumpee, mD? Suriya Prongnamchai, M.D. !
PechngamTengpraettanakorn, M.D. ! Rachaneeporn Chueansuwan, M.D. ! Siriporn
-~ Tangjaturonrasme, M.D. ! Pakaphan Dinchuthai, M.D. ! Narongchai Koonplome mBA’
IFacutly of Medicine, Burapha University, Chonburi, Thailand
g Internal Medicine Department, Chonburi Hospital, Thailand —
*Sanseuk municipality
Background
The incidence of hypokalemia in CAPD patients is about 15-60%, leading to significant
complications such as weakness, malnutrition and death. There was no standard treatment
other than potassium supplement in this setting. Spironolactone is an aldosterone
antagonist that can increase serum potassium in normal subjects. s
Objective
The objective of this study is to investigate serum potassium after 4 weeks treatment of
spironolactone 25 mg/day in hypokalemic CAPD patients.
Methods
This is a Randomized, double-blind, placebo-controlled, cross over study in hypokalemic
CAPD patients. Study intervention is 4 weeks of oral spironolactone 25 mg/d or placebo,
cross over after 2 weeks wash out period. Primary outcome is the difference of serum
potassium before and after 4 weeks of spironolactone treatment. We also measure total
daily potassium excretion, defined by the sum of 24-hr urine potassium and peritoneal fluid
potassium excretion. Serum potassium is measured every 2 weeks, serum magnesium, urine
and peritoneal fluid potassium measured before and after each treatment period.
Results
We enrolled 24 patients, 20 completed the cross over study. Ten patients were anuric. Total
dose of potassium supplement were not different throughout study period. Serum
potassium before and after study intervention were not significantly different in the both
groups (4.23+/-0.64 vs. 3.90+/-0.59 mEq/L for spironolactone p=0.077 and 3.84+/-0.62 vs.
3.91+4/-0.52 for placebo p=0.551). Total 24-hour potassium, magnesium, sodium excretion,
urine volume and ultrafiltration volume were not affected by spironolactone or placebo.
There wasl episode of hyperkalemia (5.6 mEq/L) during spironolactone treatment period.
Conclusions
Spironolactone 25 mg/d does not have significant effect on serum potassium or urine and
peritoneal excretion rate in hypokalemic CAPD patents.

Keywords: End stage renal disease, hypokalemia, peritoneal dialysis, spironolactone
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Twuvaideuvesoaaling EJ'mqu ACE inhibitors wag ARBs %gﬂmaﬂumu doxazosin el

HAYBIN13 block renin angiotensin aldosterone systern (RAAS) @senaazilnasaseau
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Continuous variables W t@WeA28 mean + SD categorical data Wiauemesosas
Wiuifisuanuuansinawes continuous variables melungude paired t-test Wisuiitsuaany



UWANA9YBS continuous variables sEwienguaie Student’s t-test LWUIBuIiBy Categorical
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Nam‘sﬁn‘m

mahiaueramMsTinsideyanuideizes naveen Spironolactone 'L‘uwﬂaamqlmmwm

waawum%‘[wuwawau’luLaamm wsumsinmaﬂwmamqlmmwamm T5ame1una uminende
Ysm Wensuiwaves spironolactone siaszivlnunadeuludon Tuge lneFedises
gaving lssumssnunenmsaslanisaios ImﬂﬂmLaanmnwﬂwma"l.mmwmwaamwm 40
8 wmmauummmamwumﬂauma“’[‘wLmawaﬁlmaammm'l 3.5 mEg/L 1Y 24 578 1han
ami’lvwauamaummu 20 518 mammnmnusmmmaua 7 ada wedl

afedl 1 T2 dodwinmsite %ﬁﬂmﬂwauawumu%mw'sEjmwm wiiussezing 4
danvineutngszes 7 2 sy ’lu‘zmuwma)vlmumuuum’lwammmaﬂw
a1ziinasesiulnuwvadsuluben laglawizengu angjotensin converting
enzyme inhibitor, angiotensin receptor blocker LLG)EN‘I%EI'man diuretic, beta

blocker 1 (n=24) _

asait 2 70 dlefftaenmuunmdanuin finsduauden sasfuthedslmneesiody
avalagundunsazguiteelulasinsise viesvasn z%’m%’ué’ﬂwﬁag’(uiﬂsanﬁ
(n=24)

adail 3 T2 ﬁﬂaamwuuwmémuﬁmﬂnﬁ LLavﬁmSLﬁn“Lﬁam (n=20)

St 4 Ta L:J@NU'JEJ:J']WULmelmuum finsdsianzidon LLawLnumtnaw‘lmmq‘uawaa‘lﬂ
avialagundunsagdudsefuseen mwsvwﬂwwaq’lu‘lmams dlevusvesiiud ez
CTu4 2 dUan naumasuazmal‘u (n 20)

adait 5 T6 Luammamwuuwmmuuﬂ finmsdunuden uasiuvhedalametestoy
nyalaandunsazidudansenn mmumﬂawaﬂu‘[ﬂiams (n=20)

ﬂ';\‘i‘]/] 6 T8 fthauwuuwndauiaund LLavumiLm“Laaﬂ (n=20)

Sl 7 T10 wieffthemnwuunmgnun finsduaneiden wasiudhendslamsesiesty
nnalasadunsasdulfssfudeem dwmiudteieglulasins (h=20)

lums@naunssnvinassneeuiazass Lwaéﬁ%’men'Lajwsmiwsﬁ'ﬂw‘lﬁ’%’um

spironolactone %38 g1vaan ma%ﬂswmmlumwUa'm'ﬁwmﬂaumta"waLaamwﬂ'sa Ldsnsuay
Lwasmmmummﬂuwaﬂs"amwﬂ 2 dumi

PnnssudulasInTg fenanaias 24 578 (T-2) wedlosSulenluduaviusn (To) §

91NaATVRNBUMINIATING 4 518 FanRTUIUeNEaTAS 20 578 Iﬂaunivmauaﬂnﬁmam
(T10) i'mavl,aammimamuam'luiﬂm 1



2-week washout 2-week washout

e —

f l
! i
! i
! i
! i
[ 4 week 4 week o i
I Spironolactone Placebo ' i
! n=20 n=20 ' i
| Group2 i i
i a |
i Screening : End of :
i n=24 The Study i
i n=20 i
i i
| Groupl i
! 4 week 4 week i
| Placebo Spironolactone i
| n=20 n=20 i
! ‘ i
! !
! [
I i
! i
i 2 0 2 4 6 8 10 i
i i
! i
! i
i :

o 2/ [ 1 o 4:

mstiauedoyauiaiu 2 dw dall

) o v & 24 v ) R ] = - ° [

dud 1 Jeyaiiugruvesithemslansesieaiinnslnunadsuludons laun e ang
seAuMsAn 18 518lA anunwausa Gvdmsihw lsesan foua szeznailumsiele s
Snvuazanududuveanenild mww’dwswsumu Ka¥ILIAYBIET Erythropoietin Aldsusie
dUnm 3 'JLﬂsnwwmﬂmmﬁmummma $mnu $evas Anade

il 2 HAN1TIATILNYEYaINMINTIA Laaﬂu,asmmé’w‘l,wmimﬁmmnﬁmﬂﬁ%ms
Tasuvadu 2 ngu fie 1.nguitfuensde iiudeyalutasneuuasudiduen 2.nguisusmaen 1fiu
Peyalutisnounasndsiven deyanlinszdliun Anade drndosuunnnsgiu wWisudsuany
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M1919N 1.1 Llaﬂﬂﬂagawuﬁ"luﬂaﬁﬂdﬂqEla'\ﬁlﬁwqqqlaﬁﬂaﬂwuﬂqjSIWLWIﬁL‘UEJNIULﬁE]ﬂﬂ']

foyaitugu J1uru (N=24) Sauas
WA e 15 62.50
WYY 9 37.50
awgwis @) 54412
woenii 60 U 18 75.00
wmanIvsewiniu 60 U 6 25.00
AsANEN
lailaiSeu 1 4.17
Uszoudnen 18 75.00
Wseudnw 4 16.67
geninsisuudn 1 e 4.17
1IN
WNIM/SFiamne 0 -
NYATNITN/NENTTU 1 a.17
Sudna 2 8.33
Ae/gsiadiudh 2 8.33
wtu/Ahuty 9 37.50
Tailausenauadn 8 33.33
Buq waz/dndnw 2 8.33
s19ldlaeiady (Uwadew) 14,37549,073.67
 #ndn 5,000 v 5 20.83
5,000 - 10,000 v 7 29.17
10,001 - 20,000 um 6 25.00
111N 20,000 UM 6 25.00
AMUNIN
lan 4 16.67
A 15 62.50
wine/veE/uen 5 20.83
fnsn13shu .
Unsuseiuguam 24 100.00
1151915/55 38 mn9 0 -
UseAudsnu 0 -
Buq -
dgua
ifaua 20 83.33
Lislgaua 4 16.67
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Tsauszdnn
ulseluvinu 14 58.33
Tuidulsaunmnu 10 41.67
Wulsamnuiulaings 16 66.67
Lidulsarmudulafings 8 33.33
siindaydasias
High or High average 9 37.50
Low or Low average 15 62.50
anuaulain |
Systolic BP : 124+19
Diastolic BP 6747
Usuadaane
Haane > 100 FFneTu 11 . 45.84
Hlaanz < 100 FFdeTu 13 54.16
Frudiheilitherdrslanieosties »
6 &M/ 6 25.00
8 dns/Tu 13 54.20
10 8n3/% 5 20.80

M5 1.1 Feyailugumesnduitetnedieddlamedestasiiinngnunadely
Eoassuau 24 T drulvgiiluwends 15 51 Aadudosaz 62.50 tave 9 19 Anduieray
37.50 orgaftveenguiteEne 54412 dndlugfionatiosnt 60 U 18 ye Aaudesas 75.00 47
flegannniuazindu 60 Y1 6 s1e Andudesas 25.00 sefumsAnwdnlngjaudy
Ussau@nw $1uau 18 118 Andiufesas 75.00 sesnunfietuisendne $1nw 4 T8 Andiudes
ag 16.67 ganifsendnw 1 518 Aalufesar 4.17 LildiFeu 1 510 Aadudesay 4.17 audiv
neusegndulvaiiiondn withushonutiu $1uiu 9 s Aadudess 37.50 sesan Lild
Usznauedin 8 18 Andudesay 33.33 a1l A1ve 2 57 Andufesar 8.33 a1dnsudne 2 e
Anlufesay 8.33 en¥naug (naz/infnw) S1uu 2 e Andufesas 8.33 Wuinwasns 1 T An
WuFesas 4.17 MelfiadivveaudasniiFeusyi 14,37529,073.67 vw/iiteu dalviaiiisrelfogii
5,000 fis 10,000 V/biau $1uau 7 518 AeduTeway 29.17 sesasnfuzeseld 10,001
20,000 vw/ideu 6 31e Anidludesaz 25.00 Au sraldunnndn 20,000 vwAReu 6 T8 Amules
az 25.00 wagsale Litfiy 5,000 uwAdeu 5 518 Andudevas 20.83 |

anumwansadiulvgjiluaniuning Suau 15 518 Aadudosas 62.50 Tosannie wine/
ne/uen 41w 5 e Andiuievay 20.83 uazanunwlan 4 1o Aadudesas 16.67 mudeu
ansmsinueanguitediaianun 24 e Wavdtnssstugunndumilumsinvmeados
az 100.00 fhgdnilngilafunsguaninaulndn 20 518 Anduiesas 83.33 uazlififoua 4 518
Anduesay 16.67
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Tsauszans Wulsauvmu 14 518 Amdudesas 58.33 Tddulsauvnu 10 518 fady
Sovag 41.67 Lﬂuisﬂﬂ'nmuiawmaa 16 518 AnlluSeenay 66.73. warlildulsarnudulaings 6
gl Anilufesas 33.33 vilabaydesie High wie High average 9 510 Andutenay 37.50 wiln
\oydesios Low wia Low average 15 14 Andufewas 62.50 smummmu’lawmaaaaﬂw
124+19/67+7 YSunaulaane Nmmﬂmﬂsmm{]aanu 11 579 AauduSesay 45.84 wﬁl:uuﬂ%mm
Haemz 13 18 Andudovar 54.16 Srunuthenildaetesios mu’lwm’l‘ummmwaqwm 8 ans/
$u 13 510 Anfudoeay 54.20 sesaunldthendeteniod 6 303/ 6 9o Aaduasas 25.00
sesaanldhendrsdosies 10 ans/3u 5 510 Andudesas 20.80

MR 1.2 M5 NLERITBLan13 uYsENIUEN Spironolactone wag Bviaen roaUeaalannees
waqwum'sJmmawau‘lumaﬂm TneLnduns

USum euae KCl replacement 91uau (N=20) Meanz S.D. p-value
sioJuvenay Drug uae Placebo D P D w P
Sueniifiaeldzu (dn) 20 20 2800:0  28.00+0
SuNURTUYTEMUENas .20 20 27.15£1.50 27.10+2.34
wWesiudmssudsemuen 20 20 97114525 96.79+8.35  0.9407
$au KCL Al (din) 18 20 35.17+15.71 33.80+13.09

1y K AildFuseu mEg/d 18 20 13.52+6.44 12944563  0.6685
$1au KCL AiSuUsenuass 18 20 34.83+15.27 31.95+11.14
wWesdudnisiudseniu KCl 18 20 99.40+1.84  96.28+9.08

D; Drug/Spironolactone, P; Placebo, KCl; potassium chloride

NN 1.2 LLama%’aga*ﬁu@u‘uaams%’uﬂismu Spironolactone uag Placebo wun
ﬁﬂuméﬁlﬁ%m Spironolactone uag Placebo Hamumil 20 516 usazaudasldzy Spironolactone
waz Placebo ¥ilinaz 28 (W AaBALAINIMARBY IUIUNTTUUTENIUEN Spironolactone az
Placebo AntduSana 97.11+5.25 uay 96.79+8.35 AR

NNNGUARENS 20 $18 AERLFTU KCL Aruu 18 918 165U K sladuminiy 13.52+6.44 uas

12.9445.63 mEg/day ANNANAL AuuFULsEnuasainALSasay 99.4041.84 way 96.28+9.08

ATHANAU
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M57 1.3 uansAiede dulisnvuinnsgiu vewaden Tutheduniviingeg Y EalATNNTY

Mean+SD T-2(n=24) TO(n=24) T2(n=20) Td(n=20) T6(n=20) T8(n=20) T10(n=20)
~ Of Serum

S Na 138.05+3.90 139.14+357 138.57+4.77 138.90+4.09 137.76+4.61 138.62+3.84 140.19+5.11
SK 3971091 4.23+0.64 4.11+0.64 3.90+0.59 3.8410.62 3.78+0.49 3911052
scl 93.51+19.35 98.05+4.33  97.62+4.68  97.57+4.20  92.95+19.74¢ 97.67+3.92  98.50+5.45
S CO, 26.45¢3.16  25.83+6.21 26954256  27.33+2.82  26.30+2.80  26.95+2.71  26.92+2.90
S Mg N/A 2.02+0.26 2.11+0.48 1.98+0.36 1.90+0.38 1.92+0.41 2.18+0.42

S Calcium N/A 9.18+1.55 8.60+1.19 9.14+1.12 9.18+1.55 8.49+1.07 9.27+1.31
SP ' N/A 5.09+1.78 4.91+1.41 4.78+1.65 5.09+1.78 4.89+1.41 4.51+1.36

S Albumin N/A 3.73+0.30 3.59+0.51 3.70+0.41 3.73+0.30 3.58+0.51 3.71+0.36

S; serum, Na; sodium, K;potassium, Cl; chloride, CO,; total carbondioxide, Mg; magnesium, P;
phosphorus

mswn 1.3.1 LLﬂC”I\‘iﬂWLQﬁEJ ﬁ'JULUEI\‘iLU‘lJEJWI'iﬁ’m YowaLdon Iumaaﬂmumaﬂ maammauﬂsmaw
1 7%y spironolactone

Spironolactone  TO(n=10) T2(n=7) Ta(n=7) T6(n=7) T8(n=7) T10(n=7)
S Na 140.50+3.89 137.50+4.34 139.13+5.49 138.31+3.22 139.23+5.07 138.77+£3.19
SK 4.38'i0.57 3.96+0.31 3.71+0.67 4.14+0.69 4.21+0.78 4.02+0.53
sd 99.50+3.89  96.38+4.37  97.63+5.48 97.15+4.49 98.38+4.87  97.54+3.45
S CO, -28.384+3.07  27.88+3.36  28.75+3.62 24.27+7.20 26.38+1.85 26.46+1.85
S Mg 2.05+0.21 2.09+0.74 1.98+0.49 2.01+0.30 2.13+0.27 1.98+0.27
S Calcium 9.34+0.93 8.50+0.67 9.29+1.18 9.08+1.87 8.66+1.47 9.05+1.13
SP 4.48+1.11 4.28+0.57 3.65+0.87 5.48+2.04 5.30+1.67 5.48+1.64
S Albumin 3.65+0.30 3.24+0.54 3.58+0.52 3.784+0.30 3.81+0.36 3.77+£0.33

S; serum, Na; sodium, K;potassium, Cl; chloride, CO,; total carbondioxide, Mg; magnesium, P;
phosphorus
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A 1 q' (] :J <~ 1 s ol L7} [] 44
MINN 1.3.2 uanseniade drudsavuinnsgiu vemadon Tudsdunvidneg vewermainsdiei
1 AlAsugmaen

Placebo T0(n=14) T2(n=13) Td(n=13) T6(n=13) T8(n=13) T10(n=13)
S Na 137.85+4.47 138.3143.57 140.23+5.75 137.63+5.15 139.13+4.45 ‘ 140.13 +4.26
SK 3.88+0.64 3.82+047 4.0040.53 3.7840.64 3.7310.54 3.78 £0.49
Scl 90.76425.04 97.6244.19 98.11+6.41 96.50+3.96 97.7543.69 ‘99.13 +3.68
S CO, 25.71+2.19 26.31+2.36 26.26x2.47  27.25+3.54 28.00+3.07 28.00+3.38
S Mg 1.89+0.36 1.99+0.45 2.3740.39 1904043 1.80+0.33 1.88+ 0.28
S Calcium 9.08+1.87 8.49+1.31 9.05+1.34 9.34+0.93 8.50+0.67 9.63+ 1.27
SP 5.48+2.04 5.28+1.67 4.9741.40 4.48+1.11 4.28+0.57 3.76 +0.97
S Albumin 3.78+0.30 3.79+0.38 3.82+0.34 3.65+0.30 3.24+0.54 355+ 0.35

5; serum, Na; sodium, K;potassium, Cl; chloride, CO;; total carbondioxide, Mg; magnesium, P;
phosphorus Al

P ' o | P &4 [ €1 o '
A9 1.3.3 wanenipas aQULUH\‘iLU‘UNqﬂi‘ﬁ'}u VNN 1“75?§ﬁﬂﬂ']14ﬂ']\19| YNAEFAUATNDU
wagndslasuen spironolactone %3 eaen

Before After Before After

spironolactone spironolactone Placebo placebo
S Na 139.14+3.57 138.90+4.09 137.7614.61 140.1945.11
SK 4.23+0.64 3.90+0.59 3.84+0.62 3.9140.52
sc 98.05+4.33 97.57+4.20 92.95+19.74 98.50+5.45
S CO, 25.8346.21 27.33+2.82 26.30+2.80 26.92+2.90
S Mg 2.0210.26 1.98+0.36 1.90+0.38 2.18+042
S Calcium 9.18+1.55 9.14+1.12 9.18+1.55 9.27+1.31
SP 5.09+1.78 4.78+1.65 5.09+1.78 4.51+1.36
S Albumin 3.73+0.30 3.70£0.41 3.73+0.30 3.71£0.36

S; serum, Na; sodium, K;potassium, Cl; chloride, CO;; total carbondioxide, Mg; magnesium, P;
phosphorus
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{ ' i ] < ' A [ ln’ L4 ]
MR 1.4 uansdiade ddenvuinnsgiu vesmmiudiduresansisgluondslamades
vioslutedavisine vesonanasinsynse

Mean+SD Of PD T0(n=24) T4(n=20) _ T6(n=20) T10(n=20)
TOV 9.18+1.68 $8.99+1.63 9.18+1.68 9.38%1.77
PD Na 131.90+ 4.85 132.33+3.65 131.90+4.85 132.24+5.22
PD K 3.2610.52 3.29+0.56 3.26x0.52 3.17+0.57
PDCl 100.52+4.18 100.14+3.69 100.52+4.18 100.19+5.40
PD CO, 24.05+3.92 24.19+3.30 24.05+3.92 23.6243.67
PD Mg 1.01+0.17 1.2040.31 1.01+0.17 1.1540.24

TDV; total drain volume, PD; dialysate, Na; sodium, K; potassium, Cl; chloride, COy; total
carbondioxide, Mg; magnesium

M350 1.4.1 uansaniade daudenvunesgiu vesimmnududuresansiwdluhengdlansias
viealuiiesdunvisineg veseranaiaslutei 1 Al#Tu spironolacetone -

Spironolactone TO(n=10) Tdn=7) T6(n=7) T10(n=7)
TDV 8.81+1.11 : 8.59+1.67 9.40+1.96 9.23+1.63
UFV 1.31+0.64 N/A 1.55+0.55 N/A

fill vol 8.04+1.74 N/A 7.14+2.57 N/A

PD Na 132.63+4.10 132.75+4.89 131.46+5.36 132.08+2.84
PD K 3.43+0.44 3.09+0.57 3.15+0.56 3411054
PD Cl 101.1314.42 99.88+5.30 100.15+4.16 100.31+2.50
PD CO, 25.50+3.02 25.63+2.39 23.15+4.24 23.31+3.54
PD Mg 1.04+0.17 1.09+0.27 1.00+0.18 1.27+0.32

TDV; total drain volume, UFV; ultrafiltration volume, PD; dialysate, Na; sodium, K; potassium,
Cl; chloride, CO,; total carbohdioxide, Mg; magnesium

M0 1.4.2 wamdiade drundeavumnasgiu vesirnududuresansingluihendalamdes
vipslugnduaminneg vesenanadiasiuted 1 Aldsuevasn

Placebo T0(n=14) Ta(n=13) Té(n=13) T10(n=13)
TDV 9.40+1.96 9.42+1.79 8.81+1.11 9.33+1.87
PD Na 131.4645.36 130.85+5.40 132.63+4.10 134.50+4.31
PDK 3.151£0.56 3.22+0.64 3.43+0.44 3.10+046
PD Cl 100.1544.16 99.3845.69 101.1324.42 101.50+4.96
PD CO, 23.15+4.24 22.23x3.88 25.50+3.02 25.88+1.81
PD Mg 1.00£0.18 1.12+0.20 1.04+0.17 1.21+0.29

TDV; total drain volume, PD; dialysate, Na; sodium, K; potassium, Cl; chloride, CO,; total
carbondioxide, Mg; magnesium
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397l 1.4.3 uameAiafy dudsavunasgiu wesmududuresansiagluthenddlamades
vinslusedaidng veseraadnsnounagnddldsuen spironolactone wio svaen

Before After Before , After

spironolactone spironolactone Placebo placebo
TDV 9.18+ 1.68 8.99+1.63 9.18+1.68 9.38+1.77
PD Na 131.90+4.85 132.33+3.65 131.90+4.85 132.2445.22
PD K 3.26+0.52 3.29 +0.56 3.26+0.52 3.17+0.57
PD Cl 100.52+4.18 100.1443.69 100.52+4.18 100.19+5.40
PD CO, 24.05+3.92 24.19+3.30 24.05+3.92 23.6243.67
PD Mg ' 1.01+0.17 1.20 £0.31 1.01+0.17 1.151+0.24

TDV; total drain volume, PD; dialysate, Na; sodium, K; potassium, Cl; chloride, CO,; totat
carbondioxide, Mg; magnesium

we .
M397t 1.5 uaneriade a"sul,f'imLuummgﬁuwaqmwhaqluﬂam'w Tugrdunairings ves
analag

Mean+SD Of Urine TO(n=24) T4(n=20) T6(n=20) T10(n=20)
Urine Vol 869.00+500.25 680.83+510.82 869.00+500.25 775.00+£657.33
Urine Na 62.80+44.91 57.17+43.78 62.80+44.91 65.75+55.07
Urine K 10.76+10.35 7.17+7.04 10.76+10.35 7.70+6.66
Urine Cl 61.50+44.15 61.92+51.10 61.50+44.15 69.50+57.80
Urine CO, N/A N/A N/A N/A
Urine Mg 1.73+0.86 3.25+3.13 1.734+0.86 2.16+2.65

Vol; volume, Na; sodium, K; potassium, Ct; chloride, CO,; total carbondioxide, Mg;
magnesium

37 1.5.1 uamsAiede dudssivunaspuesensieglullaany Tutisduansisneg ves
praasinTluded 1 fildsue spironolactone

Spironolactone To(n=10) T4(n=7) T6(n=7) T10(n=7)
Urine Vol 85000463114 580.00:486.07 881.67445032  731.254547.79
Urine Na 80.25+61.10 48.50+40.53 51.17431.38 61.50447.36
Urine K 124841252 4.85£1.99 9.62+9.73 8.33:8.47
Urine CL 75.25452.10 16.25+37.84 52.33+40.35 69.75+57.27
Urine CO, N/A N/A WA N/A
Urine Mg 2.2040.35 295+4.13 1.45:£0.98 3.40+2.82

Vol; volume, Na; sodium, K; potassium, Cl; chloride, CO,; total carbondioxide, Mg;
magnesium



d t ld. 1 d' 1 1 s a1
AINN 1.5.2 wanspniane anndesuumnasgiuvesensenegiuligands Tudreduaniiaingg ves

pranasinsluga9i 19lasusnviasn

Ta(n=13)

Placebo " T0(n=14) T6(n=13) T10(n=13)
Urine Vol 881.67+459.32 772.50+712.34 850.00+631.14 780.00+632.67
Urine Na 51.17+31.38 61.50+53.40 80.25+61.10 74.25+65.73
Urine K 9.6249.73 7.70+7.94 12.48+12.52 7.70+£3.93
Urine Cl 52.33440.35 65.63+57.69 75.25+52.10 77.25166.06
Urine CO, N/A N/A N/A ‘ N/A
U Mg 1.45+0.98 1.58+1.63 2.20+0.35 3.3344.11

Vol; volume, Na; sodium, K; potassium, Cl; chloride, CO,; total carbondioxide, Mg;

magnesium

i 1 d 1 { 1 L L 1
m5190 1.5.3 uamsrniade daudssuunasgruvesansmaelulaanslutteduaiiineg ves
panadinsioulazndslasuen spironolactone %3s g vaan

Before After Before After

spironolactone spironolactone Placebo placebo
TOV 9.18+ 1.68 8.99+1.63 9.18+1.68 9.38+1.77
PD Na , 131.90+4.85 132.33+3.65 131.90+4.85 132.2445.22
PDK ' 3.26+0.52 3.29 +0.56 3.26+0.52 3.17+0.57
PD Cl 100.52+4.18 100.1443.69 100.52+4.18 100.19+45.40
PD CG, - 24.05+3.92 24.19+3.30 24.05+3.92 23.62+3.67
PD Mg 1.01+0.17 1.20 £0.31 1.01+0.17 1.15+0.24

TDV; total drain volume, PD; dialysate, Na; sodium, K; potassium, Cl; chloride, CO,; total

carbondioxide, Mg; magnesium
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{ 3 d 1 d‘ LY L7 1 5 .
AN 1.6 uanALade FIUUYILVUNINTGIU maaam’]msmmmsmq‘]‘uaanmaﬂaanxuasmq

e nlanmeesissludisdUavinieg veseraadiag

Mean+SD Of PD TO(n=24) Ta(n=20) T6(n=20)

T10(n=20)
PD K 30.04+8.35 29.61+7.69 30.04+8.35 29.7447.65
PD Mg 9.39+2.67 10.99+4.25 9.3942.67 10.813.06
PD Na 1,211.68423435  1,186.68+20328  1,211.68+234.35 1,237.764223.91
PD CO, 220.38453.27 215.75+41.78 220.38453.27 220.22+49.38
PD Ci 923.11£177.79  898.1+156.62 923.11+177.79 937.06+169.93
UK 11.91£16.79 7.76+12.42 11.9+16.79 9.66+14.43
U Mg 1.69+0.88 2.25+3.18 1.69+0.88 1.43+1.25
U Na 71.22478.68 58.73+77.53 71.22+78.68 82.65+109.2
U Co2 N/A N/A N/A e N/A
ud 70.19480.18 65.23+91.33 70.19+80.18 86.06+111.92
T K ex/day 35.71+13.71 . 34.04+10.92 35.71+13.71 35.26+12.64
T Mg ex/day - 35.71+13.71 12.27+4.63 35.71+13.71 11.62+3.21
T Na ex/day 1,245.59+-223.89 1,220.24+191.97 1,245.59+223 .89 1,284.99+208.19
T Co2 ex/day 220.38+53.27 215.75441.78 220.38+53.27 220.22+49.38
T Cl ex/day 956.53+168.08 935.37+150.37 956.53+168.08 986.24+158.38

PD K; dialysate potassium excretion, PD Mg; dialysate magnesium excretion, PD Na; dialysate
sodium excretion, PD CO,; dialysate total carbondioxide excretion, PD Cl; dialysate chloride

excretion, U; urine excretion, Na; sodium, K; potassium, Cl; chloride, CO,; total

carbondioxide, Mg; magnesium, T; total, ex/day; excretion per day
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MR 1.6.1 wamAnade drundoauuannsgiu tewdninsvdnamsaigvesninelaanzuasma
Wgadlanisdesiadiudneg 1 vesduaidieg sssenmaliasfldsu spironolactone

Spironolactone TO(h=10) Ta{n=7) Té(n=7) T10(n=7)
TPDK 30.09+4.85 26.36+6.09 30.01£10.12 31.6148.10

T PD Mg 9.23+2.43 9.45+3.59 9.49+2.89 11.93+4.48
TPDNa 1,169.944.162.21 1,135.064195.32 1,237.37+272.60 1,218.444209.15
TPD CO, 225.70+43.64 218.29+35.35 217.10+59.90 214.18+46.62
;T' PD ClI 892.24+130.56 853.78+151.53 942,11+204.24 925.37+159.29
TUK 12.86+18.31 3.35+3.14 11.26+17.46 9.97+14.88
TU Mg 2.27+0.87 1.06+0.81 1.341+0.77 2.841+3.80
TUNa 96.91+99.87 42.50+47.14 54.09+65.42 66.85+90.92
TUCo2 #DIV/0! , #DIV/0! #DIV/Ol v - #DIV/0!
TUd 935.78+154.15 874.01+138.32 969.31+181.00 973.13+£149.89
T K ex/day 36.52+16.72 : 28.04+4.35 35.21+12.24 37.74412.20
T Mg ex/day 10.08+2.80 9.99+3.35 10.01+£2.70 13.68+4.85

T Na ex/day 1,218.39i190.63 1,156.31+180.50 1,262.33+248.09 1,259.58+194.98
T Co2 ex/day 225.70+43.64 218.29435.35 217.10459.90 214.18+46.62
T Cl ex/day 87.08+87.70 40.47+44.25 58.93+81.10 77.61+108.37

PD K; dialysate potassium excretion, PD Mg; dialysate magnesium excretion, PD Na; dialysate
sodium excretion, PD CO,; dialysate total carbondioxide excretion, PD Cl; dialysate chloride
excretion, U; urine excretion, Na; sodium, K; potassium, Cl; chloride, CO,; total

carbondioxide, Mg; magnesium, T; total, ex/day; excretion per day
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m'ﬁ'N‘VI 1.6.2 LLﬁﬂ\iﬂ’]LQaEJ mummwummmu maaamswmsmﬂmimaq%aanmaﬂam'mtavma
W]EJ']ﬁ'NlGWI']\?‘U?J\WI?NIU‘U’NVI 1 ‘U?J\‘iﬁﬂﬂ’]ﬂﬁl']\‘l‘] ?J’e]\‘liﬂﬂ']allﬂimﬂiU placebo

Placebo To(n=14) Td(n=13) T6(n=13) T10(n=13)
TPDK .30.011-10.12 30.3548.52 30.09+4.85 28.75+6.40
T PD Mg 9.491:2.89 10.45+2.47 9.23+2.43 11.394+3.96
T PD Na - 1,237.37+272.60 1,229.354+223.86 1,169.94+162.21 1,251.434238.72
T PD CO, 217.10+59.90 207.28+4592 225.70+43.64 241.25+50.36
TPDC 942.11+204.24 932.78+168.26 892.24+130.56 944.01+184.06
TUK 11.26i17.4§ 10.82+17.41 12.86+18.31 71.33+6.72
TU Mg 1.34+0.77 1.10+1.03 2.27+0.87 2.10+1.54
TUNa 54.09+65.42 79.50+117.40 96.91499.87 88.95+107.15
TUCO, N/A N/A N/A - N/A
TUCd 58.93+81.10 83.324122.30 87.08+87.70 91.55+104.74
T K ex/day 35.21+12.24 37.01+15.19 36.52+16.72 32.4146.78
T Mg ex/day 10.08+2.80 12.43+4.02 10.01+£2.70 11.13+2.65
T Na ex/day 1,262.334-248.09 1,278.27+191.60 1,218.39+190.63 1,295.90+246.34
T CO, ex/day 217.10459.90 207.28+45.92 225.70+43.64 241.25+50.36
T Cl ex/day 969.31+181.00 984.05+139.64 935.78+154.15 989.79+195.51

PD K; dialysate potassium excretion, PD Mg; dialysate magnesium excretion, PD Na; dialysate
sodium excretion, PD CO,; dialysate total carbondioxide excretion, PD Cl; dialysate chloride
excretion, U; urine excretion, Na; sodium, K; potassium, Cl; chloride, CO,; total
carbondioxide, Mg; magnesium, T; total, ex/day; excretion per day
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M397 1.6.3 wanerade mummmummswu voeanTIMIvdnan s ueennitaanizuazma
mmmalmmwaamm‘luaﬂm‘mma°] yaaElinsieuLasdslay spironolactone w39 placebo

Before After Before After
spironolactone - spironolactone Placebo placebo

TPDK 30.041+8.35 29.61+7.69 30.0448.35 29.7447.65
T PD Mg 9.39+2.67 10.99+4.25 9.394+2.67 10.8113.06
TPDNa 1,211.68+234.35 1,186.68+203.28 1,211.68+234.35 1,237.76i223.9i
TPDC 923.11+177.79 898.10+156.62 923.11£177.79 937.06+169.93
TPDCO, 220.38+53.27 215.75+41.78 220.38+53.27 220.22449.38
TUK 11.90416.79 1.76+12.42 11.90£16.79 9.66+14.43
TU Mg 1.69+0.88 2.25+3.18 1.69+0.88 - 1.43+1.25
T U Na 71.22478.68 58.73477.53 71.22+78.68 82.65+109.20
TUd 70.19+80.18 48.92+83.47 70.19+80.18 64.54+103.28
TUCO, N/A N/A N/A N/A
T K ex/day 35.71£13.71 34.04+10.92 35.71+13.71 35.26+12.64
T Mg ex/day 10.0442.67 12.27+4.63 10.04+2.67 11.62+3.21
T Na ex/day 1,245.59+223.89 1,220.24+191.97 1,245.59+223.89 1,284.99+208.19
T Cl ex/day 956.53+168.08 935.37+150.37 1,257.33+611.98 986.24+158.38
T CO, ex/day 220.38453.27 215.75+41.78 220.38+53.27 220.22+49.38

PD K; dialysate potassium excretion, PD Mg; dialysate magnesium excretion, PD Na; dialysate
sodium excretion, PD CO,; dialysate total carbondioxide excretion, PD Cl; dialysate chloride
excretion, U; urine excretion, Na; sodium, K; potaésium, CL; chloride, CO,; total .

carbondioxide, Mg; magnesium, T; total, ex/day; excretion per day
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MINA 1.7 uansSunas glucose exposure wasananasinsneulazndalédu spironolactone vide
placebo

Spironotactone Placebo p-value

Before After p-value Before After p-value  Between
group
161.55+44.27 162.62456.45 0.8463 155.19464.36 162.95+55.04 0.4911 0.7203

d' 1 a i a‘u . <4 Vo =y
NAITNN 1.7 WU onanaslnsnauindu spironolactone 3o placebo Tasuusunu
glucose IMhednlametasivunnaiusgalsififuddynieedn

A5197 1.8 wansdnnuiiheiiinadiadesainnislde wsmunguitléi¥u spironolactone w3 &
hUShY
viaen

21N19 | Spironolactone Placebo

Unileesusianie 0 1

Unfswy Geudsuy winie 2 1
al ) U <l

Witogd1e soumwaY 1 3

Potassium G 1 0

fN8viad 0 1

R q 6

NNANTHA 1.8 WU erenainsiilasuen spironolactone %38 placebo fiB1n15TaLAes
dubiinn
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ALUEUEY B.1009 g, ¥ay3 20131
's"hu‘ﬂ 2 Namﬂmsq"mauamnmsmm LaaﬂLlau‘L!’TEl'l's"l'NlWVl’N‘llaQ‘VIBQ’\]']ﬂ‘VlE]QUQ‘Uﬂﬂ']S Iﬂﬂ
LL‘UQL{IU 2 ﬂﬁllﬂ'e] 1. ﬂﬁll‘Vli‘UEl'] splronolactone LﬂU‘UE]ﬁJﬁiU‘U"Nﬂi’JULLa""WﬁQi‘UU'l 2. ﬂﬁN‘VIi‘UEﬂ

nasn mwaua’lumanauuamms*um LU'%Emmemmmael dwwmwummmu HAZAIAIIUAY
vastnauTuBImAazuasSUET (p-value)

a} L4 a wa 1 £ 1 1 1 L i Yo
TN 2.1 MakaRmansaTIIeiesljiinisvesnguiedisludneuwasndeilésuen
Spironolactone wagdnouLaznasiilisuen Placebo ‘

Spironolactone Placebo

Before After p-value - Before After p-value
Serum potassium (mEgy/L) 4.2310.64 3.9010.59 0077 3.841+0.62 3914052 0.551
Serum magnesium (mEg/L) 2.0210.26 1.9810.36 0.556 1.9010.38 2181042 0.022*
Serum sodium (mEgy/L) 139.1443.57 138.9044.09 0.787 137.7614.61 140.19%5.11 0.001*
Serum Calcium (mEgyL) 9.18%1.55 9.14%1.12 0.913 9.18+1.55 9.27+1.31 0.679
Serum Phosphors (mEqg/L) 509+1.78 4.78+1.65 0.345 5.09%1.78 4.51+1.36 0.021*
Serum Albumin (gm/dL) 3.73£0.30 3.69+0.42 0.541 3734030 3.7140.36 0.790
Total drain volume 9.1811.68 8.99%1.63 0.345 9.18+1.68 9.3811.77 0.296
Urine Volume 869.001500.25 680.831:510.82 0.437 869.001500.25 775.001657.33 0.851
Dialysate potassium(mEq/d) 30.0418.35 29.61%7.69 0.786 30.0418.35 29.7417.65 0.856
Urine potassium (mEg/d) 11.90%16.79 7.76%12.42 0.548 11.90%16.79 9.66+14.43 0.928
Total potassium/day (mEg/d) 357111371 34.04%10.92 0.598 35.71%13.71 35.26112.64 0.887
Dialysate sodium (mEq/d) 1,211.681234.35  1,186.681+203.28 0397  1,211.68+234.35  1,237.761+223.91 0.320
Urine sodium (mEq/d) 71.22178.68 58.73%77.53 0.944 71.22178.68 82.65%109.20 0.339
Total sodium/day (mEa/d) 1,25.59122389  1,220.241191.97 0504  124559+223.89  1,284.991208.19 0.211
glucose exposure 161.55+44.27 162.62156.45 0.846 155.19164.36 162.95:£55.04 0.491
SBP (mmHg) 130.00122.45 133.68119.21 0.539 124.74+22.45 125.26118.67 0913
DBP {mmHg) 70.0016.67 67.3716.53 0.096 66.32:£9.55 65.26+8.41 0.667

mEq/L; milliequivalence per liter, mmHg; millimeter mercury

d. '
INAITNN 2.1 WUN

luteneuiuen Spironolactone szdulnuneaidenlagiadevasnguiaete (4.23+0.64) uinnd
YUVARINATFUYY Spironolactone (3.90+0.59) staiilsivfeddnyd p=0.077

USua potassium excretion Giai'u‘uax‘mﬁuﬁ'mthﬁmﬁi’u spironolactone fiUSiauanasaenali
Tduddymnsana p=0.598 wonaniy U3nnau glucose exposure, systolnc blood pressure,
diastolic blood pressure, urine volume, total drain volume ?Ja\‘lmamnau nouLAENAILATUEN
Lifieuuansafusgnaiifeddoymeeda

bi.wblosa -
RV EY
a4

345489



U9 2 uansszaulnunadenludenvesthefildsy spironolactone lutasszeziiansngg

serum potassium levels
5.50
5.00
4.50
4.00
3.50
3.00
2.50
2.00
baseline During1 During2 During3 Duringa Durings
mean 423 41 3.90 3.84 378 3.91
sd 0.64 0.64 0.59 0.62 049 «+ | . 052
Hi 5.30 5.60 5.20 4.90 470 4.90
Low 3.10 3.30 2.70 2.40 2.70 3.00

P ' LY <l < t o L 54 . =
NNFUR 2 wuh seaulnunadenludesnounazudilasuen spironolactone i
wansinafuedebifided Aymieata
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uni 5

afiusienan1siay

m3ld spironolactone 25 un. defu lufthelameiFesnzergaineildfumssnydems
alamdenipuiuszoviian 4 §Uai lifiusedulnuwadedluden lianyuSuamsld.
Tuna@eimaumdlusanades Lifinsinumsdalnuvadousosu sraadasaunsanuse
nad1afaveeidduetne Lifioraadiesselaifinatrafssudemenemiossnanmsiinu

msmuamaiwLmaLsﬁauluﬁﬂaaﬁiﬁ%mﬁﬂwﬁmwﬂLmu"LmehuTmLia]vchunalﬂmqmimm
Laawiamﬂmmwamaq lnafivunamssdnlnunaidenyseana 70-150 mEq sisn1svieniiien 1
afa ieusvanm 30-40 mEg/day Tugthedslamedesiies (14) Athemslandesvisadinnm
LmﬂmanuwmamnLaammaLﬂia\ﬂmmau’luuwaqmsmUﬂmvcﬂﬂwLmaLsusmluLaaﬂﬂa Htheandla
mwammmumm}“uﬂmm hypokalemia 111741 hyperkalemia ‘f]%wuwawﬂmnﬂmm
Lmnmqmnmmmmmuaqmmﬂ dletary intake(5), peritoneal membrane > permeability(15) %39
cellular shift aumaammnaumauwaaaanmmnms‘lmuaa‘lﬂa‘lummmﬂmmwmwm(m)

LummnmssauiwLmawaumaﬂaan“”luwﬂ'aEﬂ,m'nEJLiasaamaqmuﬂimm{]amaumaqwﬂw
mwu‘lwLmawﬂﬂuwﬂ'wmmuwnuaanmaaﬂe’ﬂwmmumsnivmu apical K+ permeability va4
\Boydldlvgi(16) unumuas Mineralocorticoid receptors wLaauaﬂé‘lmyumumﬂm‘lumimﬂ
Tnuvadeusanainitameritumie luminal KCal.1 (BK) channels(17) iayansfinwinisly
fludocortisone (mineralocorticoid receptor agonist) lugUaenanidenseiriaslaiiaudilail
Uaamzannsovillisziulnunadonluidenanadlé(18) msanuilusinfenfunavasnissuss
35UV RAAS Tugithedwlamedeswiemuitausafussiuinuadoildswandunisnwlng
Phakdeekitcharoen B. uaig Leelasa-nguan P. 9 nlssnenuna 59u13ui 1nelden candesartan wie
enalapril “luwﬂ::ama‘lmmwawaamuiv zlan 4 f‘ﬁJﬂ'lﬁLﬁawmaaummﬂaamﬁmmmﬁ“ﬁnﬁn Na
msﬂnmwm'mmaa\'mmmam’lm"ﬁmiwLmamauquawumaﬂmumﬂiumm 2 Favilsna
sfananameluidle 4 #Uai(19). “luwﬂwawlmwmjmwmwm gaulnuadeuuni dleldsue
spironolactone WA 25 un. fetu aunmuwmwmmsﬂmevm‘tﬂ,wLmawau‘lmawulﬂamm
UedAgan 4.6 10u 5.0 mEq/l melussezinal 6 Wowus) asUladnen Spironolactone i
UaammﬂuwmEJ"LmWalLsasame"l,ummm‘uarﬂ,mwmmm‘wmm“aumimumﬂs (20) MinaneBadia
M13ANY1 Randomized Aldactone Evaluation Study (RALES) Fadnulud ae. 1999 wumslyen
spironolactone 25 un. Aafu u‘wmﬂu‘ummmmmuz’hMiﬁ"uwmaisﬂmhé’umm(z1) usilunia
mamnauwmmaummﬁmmaamim‘umzJLLavLaaﬁmmaummmmﬂ hyperkalemia mmnmu‘lunam
u"LmLaauLLaUIuiﬂEJﬁiwwmwaqmﬂw’L‘B“lumsﬂﬂm(zz) Koy ‘Lumiﬂﬂmmwmﬂmamﬂmm'ﬂ%
& spironolactone Wivinauies 25 un, maaumaaﬂiamamiLﬂmwaﬂmmmmnmmmmmmﬂﬂ

nsfnwadel gavglinuhszdulnuvadeunouwasndsnslden spironolactone S
LmnmqnuamquuamﬂmmaamLmamﬂ,ﬂ maﬁmawmwLﬂummﬂuwalﬂﬂammmm ez
svernmlding iiesanaa hyperkalemic effect w84 spironolactone Fufurunngn faguly
518901uMs1Y spironolactone w1 300 un. Aety Tufthevenidenseiniaslniionsinavilisedu

Iwuwama:flmaamwuwsauqﬂummmﬂamaﬂmm) swasihssiuiianselulyuiisly
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ﬂwsﬁnmﬂ%’l\wialﬂléimExLﬁmmmaﬂﬁqaﬁ?}vmw{ﬁmsLﬁﬁisi’amasLmsﬂs?faumn%ué’mwiuﬁ’u an
Useiiunilede ssaziannisldewrananatastiunsinnediiorssslivumefessiunavesely
\lesannsiinunlng Taheri etal wuda spironolactone 25 1in. Suiiutuaninsaifiuseiu
Tnunadouldsfwadesinmandusseziannu 6 Wew®) sdilsfinny msdnwadailinuuuali
mwsmu‘immm«usu awu‘lunaummauﬂsl,mam\ﬂmmmwusvmﬂ,wLmawsuamauanuau'lunau
mmauﬂswnm 4 duani

mimmwuwnmamﬂ%wuﬂﬁé’ﬂﬂﬁﬂg‘lunfiumaﬁﬂinduEiaasi'mqﬁﬁ%a‘i’ﬂ‘lﬁwmmmﬁl,l,un‘li'
Tefun nauwma‘lmmwammwummmwaLwm‘uaamima‘lmuaammmmm’luumﬂgum
(Kt/V<1.7/week) LLavnauNmeuu{]aa'nu (urine volume < 100 ml/day) nMsAunuilensazuan
13181 spironolactone way mineralocorticoid receptor MNaLwadLanuaUmaﬂaimmawdfm‘luwﬂw
FelamdesissduilonnnmstuesnmslauasiBoytosies visensasiuanuunae
spironolactone firfoeiily

TuSnduntls mndilwadevestsangy cardiovascular disease, ugthelameidesuszes
gnvhe uaznsldien spironolactone e1vasiinafrefiheweni msAnwadeivasuentenm
Uasanelunislien spironolactone Tungudthesnslansgasisssiufumsinausziulnunadey
RERNhGET

ayU wansAnwiiiuandiidiuth spironolactone 1w 25 un. sietudunan 4 s i
anunsofiusziulnumadenludeavowfihedlamsdasiesifiveiuTnumadon ludon dildoth
Hfsdadgyneata

mstlulssendldnienddn

wmdanansalvien spironolactone 1a 25 un.gefuldagnsvasadelugiae drdlansdes
vieslaeithfamunadrafsseglnddn

AMuugihdmiumsinunaduiely

1. esiimsAnudelulaeifivmuiavdessesianisly spironolactone Tugthedslamagas
viesifiszAulmuvadens hendaunsaldinuvinndnunadeudldviell
2. enazeenuuunveaadlagld spironolactone luftheddlamisesiios itadnunlsaviila
dumanlasidaansinviuazanulaenisanuamsanuails
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Spironolactone

.55

Before After p Before After p
Serum potassium (mEq/L) 4.23:0.64 3.90:0.59 0.077 3.84:0.62 3.91:0.52 0.551
Serum magnesium (mEq/L) 2.02+0.26 1.98+0.36 0.556 1.90:0.38 2.18:0.42 0.022*
Total drain volume 9.18+1.68 8.99:1.63 0.345 9.18:1.68 9.38:1.77 0.296
Urine Volume 869.00:500.25  680.83:510.82 0.437  869.00:500.25  775.00:657.33  0.851
i; Dialysis potassium (mEq/d) 30.04+8.35 29.61+7.69 0.786 30.0448.35 29.74+7 65 0.856
S Urine potassium (mEq/d) 11.90116.79 77611242 0548  11.90:16.79 9.66:14.43 0928
Total potassium/day (mEq/d) 35.71:13.71 34.04+10.92 0.598 35.11413.11 35.26:12.64 0.887
Total sodium/day (mEg/d) 1,245.59+223.89  1,220.24:191.97 0.504 1,24559:223.89 1,284.99:208.19  0.211
Dialysis glucose exposure (¢/d)  161.55:44.27 162.62:56.45  0.846  155.19:64.36 162955504 0491
SBP (mm Hg) 130.00+22.45 133.68¢19.21 0539  124.74+22.45 125.26:18.67 0913 s
DBP (mm Hg) 70.00:6.67 61.37+6.53 0.096 66.3249 65.26:8.41 0.667
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A Randomized, Double-Blind, Placebo-Controlled Trial of
Spironolactone for Hypokalemia in CAPD Patients

Peritoneal Dialysis International

Draft
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yongsiri, somchai; Burapha University, Faculty of Medicine

1 Prongnamchai, Suriya; Burapha University, Facutly of Medicine, Internal
1 medicine
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Internal medicine
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End stage renal disease, hypokalemia, peritoneal dialysis, spironolactone

Background
The incidence of hypokalemia in CAPD patients is about 15-60%, leading to
significant complications such as weakness, malnutrition and death. There
was no standard treatment other than potassium supplement in this
setting.
Methods
This is a Randomized, double-blind, placebo-controlled, cross over study in
hypokalemic CAPD patients. Study intervention is 4 weeks of oral
spironolactone 25 mg/d or placebo, cross over after 2 weeks wash out
period. Primary outcome is the difference of serum potassium before and
after 4 weeks of spironolactone treatment. We also measure total daily
potassium excretion, defined by the sum of 24-hr urine potassium and
peritoneal fluid potassium excretion, Serum potassium is measured every 2
weeks, serum magnesium, urine and peritoneal fluid potassium measured
before and after each treatment period.
Results
We enrolled 24 patients, 20 completed the cross over study. Ten patients
were anuric. Total dose of potassium supplement were not different
throughout study period. Serum potassium before and after study
intervention were not significantly different in the both groups (4.23+/-
0.64 vs. 3.90+/-0.59 mEq/L for spironolactone p=0.077 and 3.84+/-0.62
vs. 3.91+/-0.52 for placebo p=0.551). Total 24-hour potassium,
magnesium, sodium excretion, urine volume and ultrafiltration volume
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were not affected by spironolactone or placebo. There was1 episode of
hyperkalemia (5.6 mEqg/L) during spironolactone treatment period.
Conclusions
Spironolactone 25 mg/d does not have significant effect on serum

potassium or urine and peritoneal excretion rate in hypokalemic CAPD
patents. ’ '
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32  Background

33  The incidence of hypokalemia in CAPD patients is about 15-60%, leading to significant
34  complications such as weakness, malnutrition and death. There was no standard treatment
35  other than potassium supplement in this setting.

36 Methods

37  This is a Randomized, double-blind, placebo-controlled, cross over study in hypokalemic

38  CAPD patients. Study intervention is 4 weeks of oral spironolabtone 25 mg/d or placebo,

39  cross over after 2 weeks wash out period. Primary outcome is the difference of serum

40  potassium before and after 4 weeks of spironolactone treatment. We also measure total daily
41  potassium excretion, defined by the sum of 24-hr urine potassium and peritoneal fluid

42  potassium excretion. Serum potassium is measured every 2 weeks, serum magnesium, urine

43 and peritoneal fluid potassium measured before and after each treatment period.

44  Results
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We enrolled 24 patients, 20 completed the cross over study. Ten patients were anuric. Total

dose of potassium supplement were not different throughout study period. Serum potassium

“before and after study intervention were not significantly different in the both groups (4.23+/-

0.64 vs. 3.90+/-0.59 mEq/L for spironolactone p=0.077 and 3.84+/-0.62 vs. 3.91+/-0.52 for
placebo p=0.551). Total 24-hour potassium, magnesium, sodium excretion, urine volume and
ultrafiltration volume were not affected by spironolactone or placebo. There was1 episode of

hyperkalemia (5.6 mEqg/L) during spironolactone treatment period.

Conclusions

Spironolactone 25 mg/d does not have significant effect on serum potassium or urine and

peritoneal excretion rate in hypokalemic CAPD patents.

k&
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.62  Introduction

63 About 11% of end stage renal disease (ESRD) patients wgrldwide are being treated
64  with peritoneal dialysis (PD)(1). The incidence of hypokalemia in PD patients, defined by a
65 serum K' of less than 3.5 mEq/l or required potassium supplements to maintain a normal

66  serum K' is about 15-58%(2). It can be associated with weakness(3), malnutrition(4),

67  peritonitis(5) and increase risk of death(4). There was no standard freatment in this setting.
68  Spironolactone, a potassium sparing diuretic, has been shown to be safe ir;’t;em.odialysis(HD)
69  (6) and PD patients with heart disease(7). The use of low dose spironolactone in HD patients
70  increases serum potassium with low incidence of severe hyperkalemia(8). There were limited
71 = data on serum potassium in spironolactone treated PD patients. A study by Taheri et.al

72 demonstrated that spironolactone at the dose of 25 mg every other day in normokalemic PD
73  patients with congestive heart failure increased serum potassium from 4.6 to 5.0 mEq/l over
74 six months(7). Spironolactone has a high bioavailability of about 90%. After ingestion, it is
756  metabolized by liver and about 50% is excreted by the kidney(9). In the current sfudy, we

76  have evaluated the effects of spironolactone on potassium homeostasis in hypokalemic PD
77  patients. The aim of this randomized, double-blind, placebo-controllqd cross over study is to
78 evaluate the effects of spironolactone on serum potassium and potassium excretion rate in

79  hypokalemic PD patients.

80

81  Subjects and methods

82 This study protocol has been approved by the institutional review board of Burapha

83  University and registered at www.clinicaltrials.in.th, identification number
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84" TCTR20130314001. The study was conducted in ESRD patients on continuous ambulatory
85 peritoneal dialysis (CAPD) after obtaining written informed consent. They were selected

86  from screening through medical record of the CAPD clinic in Burapha University Hospital,
87  Thailand. The inclusion criteria were ESRD patients aged > 20 years with at least 3 months
88  of regular CAPD, had history of hypokalemia (serum K* < 3.5 mEq/l) or required potassium
89  supplements to maintain a normal serum K'. The exclusion criteria were history of

90  hyperkalemia (serum K* > 5.5 mEq/1) and recent peritonitis within 1 mont‘l;.A Di.scontinuation
91 criteria included unwilling to continue study, intolerable side effects, peritonitis and

92  persistent elevation of serum potassium level > 6 mEq/L after stop oral potassium

93  supplement.

94
95  Study design

96 This is a randomized, double-blind, placebo-controlled, cross over design. The study
97  was divided into 2 phases: the initial and the crossed phase. Each phase included 2 weeks
98 wéshout and 4 week treatment period. After screening and 2 weeks washout period, the
99  patients were randomly assigned to spironolactone 25 mg daily or placebo for 4 weeks then 2
100  weeks of washoﬁt period and 4 weeks cross over as illustrated in figure 1. Blood samples
101 were collected every 2 weeks measured for BUN, creatinine, electrolytes. Serum calcium,
102 phosphorus, albumin, magnesium, 24-hour dialysate and urine samples were collected at
103 baseline and after completion of each phase for measurement of dialysis adequacy, residual
104 renal function, excretion of sodium, potassium and magnesium. Dialysis regimen was
105  allowed to be adjusted according to the patients’ condition. Potassium supplement was

106  continued and adjusted dose according to serum potassium. In the participants who were



P RIS iRy viv niwiiiauiviias

Spironolactone for hypokalemic CAPD patients | g
- [Type the document title]

107 ©  using ACE inhibitors or ARBs, it was replaced by doxazosin to control blood pressure. Beta-
108 blocking agents, diuretic, insulin and low-dose aspirin were allowed to continue. Medication
109 count for spironolactone, placebo, potassium supplement and assessment of adverse drug

110 reaction were done by pharmacist. Dietary advice was provided to all patients and requested
111 to maintain regular amounts of potassium diet throughouf the entire study. The daily dialysate
112 glucose exposure was calculated by the sum of grams of glucose in each dialysis fluid bag.

. 113 -

114 Statistical analysis

115 Continuous variables are presented as mean + SD, categorical data are presented as
116 percentages. Comparison used the paired t-test for continuous variables within group and

117 Student’s t-test for continuous variables between groups. Categorical variables were

118  compared using chi-square test. All tests of statistical significance were two-tailed; there was
119 asignificant difference if the p value was less than 0.05. Statistics were analyzed with

120  program R version 3.01.

121

122  Qutcomes measurement

123 Main outcome is the difference of serum potassium before and after 4 weeks of
124 spironolactone treatment. We also measured the change of serum magnesium and total daily

125  potassium, magnesium and sodium excretion.
126
127 Results

128  Patient characteristics
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We enrolled 24 patients, 20 completed the cross over study. One was unwilling to
continue the study and 3 had peritonitis during study period. Ten patients were anuric.

Patient demographics were typical of the overall population of CAPD patients as shown in ‘

table 1.

Serum potassium, magnesium and daily excretion of potassium, magnesiuzz,‘ sodium

thal dose of potassium supplement were not differgnt throughout study period.
Overall drug compliance was > 95% in the both phases. Serum potassium before and after
study intervention were not significantly different in the both groups (4.23+/-0.64 vs. 3.90+/-
0.59 mEq/L for spironolactone p=0.077 and 3.84+/-0.62 vs. 3.91+/-0.52 for placebo p=0.551)
as shown in table 2. Blood pressure, total 24-hour potassium, magnesium, sodium excretion,
urine volume and ultrafiltration volume were not affected by spironolactone or placebo.

There was | episode of hyperkalemia (5.6 mEq/L) during spironolactone treatment period but

resolved after stopped oral potassium supplement.

Subgroup analysis

When classify patients in to subgroups by Kt/Vurea (> 1.7 or < 1.7), urine volume (<
100 mV/day or > 100 ml/day) and transport characteristic, serum potassium before and after
study intervention were not significantly different in all subgroups. Likewise, there were no
significant changes of blood pressure, serum magnesium, urine volume, ultrafiltration

volume, 24-hour potassium, magnesium and sodium excretion in each subgroup.
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Adverse reaction

There was no serious adverse reaction in both groups-during study period. However, 1
patient experienced mild hyperkalemia during spironolactone treatment period in patient
receiving oral potassium supplement. Their serum potassium return to normal range after
stopped oral potassium supplement and spironolactone was continued. Other minor adverse
reaction included fatigue, increased appetite, dizziness in spironiolactone treatment period and

“w 4

ataxia, dizziness, headache, sleepiness, diarrhea in placebo period.

Discussion

The use of spironolactone 25 mg/day in CAPD patients with hypokalemia for 4 weeks
does not increase serum potassium nor decrease the need for potassium supplement. Total
potassium excretion rate was also unchanged. Spironolactone was well tolerated with few

adverse reaction, none of the adverse reaction resulted in drug discontinuation.

The regulation of potassium homeostasis in dialysis patients is mainly through dialysis
treatment. Potassium removal rate averages 70-150 mEq per hemodialysis session and about
30-40 mEq/day in CAPD patients(10). In contrast to hemodialysis, CAPD patients are
frequently hypokalemic. Multiple factors responsible for this condition includes dietary
intake(3), peritoneal membrane permeability(11) or cellular shift mediated by insulin
secondary to glucose absorption from the dialysis solution(10). Since urinary potassium
excretion diminished in ESRD patients, colonic K+ secretion is enhanced through the
increase in apical K+ permeability of the large intestinal epithelium(12). Mineralocorticoid

receptors in the colonic epithelial cells play an important role in the potassium elimination
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through luminal KCal.l (BK) channels.(13). The use of fludocortisone in anuric
hemodialysis patients resulted in a reduction in plasma potassium concentration(14). There
are some evideﬁces that the inhibition of RAAS in CAPD patients can increase serum
potassium, Thé use of standard dose candesartan or enalapril in CAPD patient resulted in a

mild increase in serum potassium after 2 weeks, but this effect diminished at 4 weeks(15).

In normokalemic CAPD patients, spironolactone at the dose of 25 mg every other day has

TS

been shown to increased serum potassium from 4.6 to 5.0 mEq/l over six months(7).
Spironolactone has been shown to be safe ih ESRD patients(16) but the appropriate dose is
not known. According to the Randomized Aldactone Evaluation Study (RALES) published in
1999, 25 mg/day of spironolactone is considered to be standard for patients with congestive
heart failure(17) but later was found to be associated with high incidence of hyperkalemia-
related morbidity and mortality when used in patients with impaired renal function and higher
than the study dose(18). In this current study, we decided to use 25 mg/day of spironolactone

to treat hypokalemia in CAPD patients.
In this study, we did not find significant change of serum potassium or potassium
excretion rate after spironolactone treatment. Two possible explanations were dose and

duration. Since hyperkalemic effect of spironolactone is dose dependent, the use of 300 mg/d

of spironolactone in hemodialysis patients resulted in higher serum potassium and lowered

blood pressure(19). Further study on different dose of spironolactone should be conducted to
assess the hyperkalemic effect in these patients. Also the longer duration of spironolactone
treatment might have an effect on serum potassium since a study by Taheri et.al demonstrated

that spironolactone at the dose of 25 mg every other day in CAPD patients for 6 months

rayc
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195 could increase serum potassium significantly(7). But from the current study, we did not -

196  observe any trend towards increase in serum potassium over time.

197  The negative results also occurred in subgroup patients who were inadequately

198  dialyzed (Kt/V<I.7/week) and anuria (urine volume < 100 ml/day). This finding may reflect
199 trivial role of potassium excretion by mineralocorticoid receptor in residual renal function
200  and peritoneal membrane transport or inadequate dose of spironolactone in this study. In

201 consideration of the high burden of cardiovascular effect in ESRD patient*s:,‘thi.s study also

202  support the use of low dose spironolactone in selected CAPD patient with close monitoring of

203  serum potassium.

204 In summary, this study demonstrates that spironolactone at the dose of 25 mg/day for
205 . 4 weeks does not increase serum potassium in hypokalemic CAPD patients. Further studies
206  should be done on the different dose or duration of spironolactone to determine whether

207  hypokalemia in CAPD patients can be corrected by this drug or not.

208
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Figure 1. study protocol

2-week washout 2-week washout

1 1
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Placebo
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Note; four patients met discontinuation criteria, | patient was:

patients had peritonitis
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226 © Table 1. Patient demographics (n=20)

Values

Age(y) 5242 +1235
Sex M:F 8:12
Duration of dialysis (mo) 23.65 +£10.96
Body weight (kg) 65.79 + 12.03
Body mass index (kg/m?) 2524 £4.23
Mean systolic blood pressure (mim; 124 + 19 A
Mean diastolic blood pressure (mm Hg) 677
Diabetes 13
PET

-  Low

- Low average

- High average

- High
Anuric

Charlson comorbidity index
Daily exchange volume (L/d)

Daily urine volume (mL/d)

P

Total Kt/V 2.23£0.83"
- Renal : 0.74+1.04
- Peritoneal 1.73+0.38
Number of patients taking oral potassium supplement 18
Mean dose of oral potassium supplement (mEq/d) 13.52 £+ 6.44
Serum potassium (mEq/L) ' 3854044
Serum inagnesium (mEq/L) 2.02 £0.26

227 Note:Values are given as Number (%) or Mean=S.D.

228
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229 Table 2. Before and after treatment values in spironolactone and placebo

spironolactone Placebo
Befor After P Befor After P
Serum potassium (mEg/L) ' 4.2310.64 3.9040.59 0.077 3.84+0.62 3.91+0.52 0.551
Serum magnesium (mEq/L) 2.02140.26 1.98+0.36 0.556 1.90+0.38 2.18+0.42 0.022
Serum sodium (mEq/L) 138.901+4.09 0.787 137.76+4.61 140.19+5.11 0.001
Serum Calcium (mEq/L) 9.14x1.12 0.913 9.18%1.55 9.27+1.31 0.679
Serum Phosphors (mEq/L) 4.78+1.65 0.345 5.09+1.78 ** t 451%136 0.021
Serum Albumin (gm/dL) 3.73+0.30 ) 2.3.69+0.42 0.541 3.73+0.30 3.71£0.36 0.790
Total drain volume 9.18+1.68 2 9+1.63 0.345 9.18+1.68 9.38+1.77 - 0.296
Urine Volume 869.00+500.25 0.437 869.00+500.25 775.00+657.33 0.851
Dialysate pc.)tassium (mEgq/d) 30.0448.35 . 0.786 30.0448.35 29.7447.65 0.856
Urine potassium (mEq/d) 11.90£16.79 11.90£16.79 9.66114.43 0.928
Total potassium/day (mEq/d) 35.71x13.71 35.71x13.71 35.26x12.64 0.887
Dialysate sodium (mEq/d) 1,211.68+234.35 1,211.68+234.35  1,237.76+223.91 0.320
Urine sodium (mEq/d) 71.22178.68 58.731£77.53 71.22+78.68 82.65+109.20 0.339
Total sodium/day (mEq/d) 1,245.594223 .89 1,220.24+191.97  0.50 1:245.594223.89  1,284.994208.19 0.211
glucose exposure 161.55+44.27  162.62£56.45 0.846 162.95455.04 0.491
SBP (mm Hg) 130.00+22.45 133.68+19.21 0.539 125.26+18.67 0.913
DBP (mm Hg) 70.00+6.67 67.3746.53 0.096 66.3249°55 65.2618.41 0.667
230
231
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Reviewer:; 1
Comments to the Author

Title : A randomized, double-blind, placebo- controlled trial of spironolacton for hypokalemia
in CAPD patients

The article deals with the effect of spironolacton on kalemia level.

The 24 hypokalemic CAPD patients were included in the study and were treated 4 weeks
with 25mg /day spironolacton and 4 weeks with placebo in cross-over regime.

The authors did not find any effect of spironolacton on kalemia level nor on urine and
peritoneal potassium excretion rate. The paper is generally well written, however the results
are not unexpected. ‘

The minor comments:

about:blank ‘ 12



S LR LAY

1. Were the included patients treated only with CAPD or also APD?

2. The peritoneal clearance of kalium increases with the dialysis dose. Did remain the

dialysis regime unchanged during the whole follow-up?

3. What does it mean ,, regular amounts of potassium diet? Was the intake of

potassium in each individual quantified?

4. I miss informations about acidobasis

5. As illustrated in Figure 1, the screening phase was followed by washout period.

What happened during that time?

Major comment:

1. Serum potassium after the spironolacton treatment decreased. Even the difference did not
reach significance, p value 0f0,77 indicated the lowering trend. One would suggest the opposite.
It might be worth noticing that in discussion section.

2. Effluent kalium concentration depends on peritoneal transport and local release Is known that

effluent potassium concentration in patients with ultrafiltration failure is decreased. Did not the
ultrafiltration change during the study?

Reviewer: 2

Comments to the Author ’ "

This is a nice and clear study, although 4 weeks is maybe too short for conclusions. However, the 25 mg
spironolactone had no positive or negative effect on the serum potassium of hypokalemic CAPD patients. To

my opinion the hypokalemia is not a big problem during peritoneal dialyses, especially when the dietary
restrictions from the predialyses are adapted.

Reviewer: 3

Comments to the Author

I reviewed the manuscript entitled "a randomized, double-blind, placebo-controlled trial of spironolactone for
hypokalemia in CAPD patients" and have a few comments and suggestions:

- patients were randomly assigned to the treatment of placebo group. How was the randomization
performed? By use of a computer program or another method?

- The authors state that Overall drug compliance was >95%. How do they know this?

- As the authors state in the discussion, regulation of potassium hemostasis in dialysis patients is mainly
through dialysis treatment. However, dialysis regimen was allowed to be adjusted during the study period.
The authors should address how this and other changing factors that might differ in the placebo and treatment
period may have influenced their results.

- It is interesting to see that the serum potassium level decreased in the spironolactone group and increased in
the placebo group. Also the serum potassium level in the spironolactone group was (significantly?) higher

“before" in the spironolactone group compared to the placebo group. Do the authors have any explanations
for these unexpected numbers? :
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