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The Effects of the Individual Application of Low Sodium Dialysate
on Weight Gain, Blood Pressure, and Intradialytic Side Effects in
Patients on Maintenance Hemodialysis

Song, Ji Sook” - Kim, Eun Sook” - Lee, Yu Na”

RN, Hemodialysis Center, Korea University Guro Hospital
“HN, Hemodialysis Center, Korea University Guro Hospital

Purpose: The purpose of this study is to identify the effect of low sodium dialysate (LSD) rather than conven-
tional dialysate on interdialytic weight gain (IWG), blood pressure (BP), and intradialytic side-effects (ISEs) in
patients on maintenance hemodialysis (HD). Methods: The study was performed in 43 patients, who were
treated in the university hospital over 8 weeks. Each participant’s serum sodium set point was measured using
dialysate sodium 140 mEq/L during the first 4 weeks. For the next 4 weeks dialysate sodium concentrate
(134,136,and138 mEq/L) was provided to each participant but only to an experimental group (EC) (n=22)
based on the individual set point, although 140 mEq/L dialysate was given to all of the control group (CG)
(n=21). Consequently, outcomes including IWG, BP, and ISE were evaluated. Results: In EG, difference of pre-
HD SBP (p=.047) and post-HD serum sodium (p=.006) were significantly decreased compared to CGC. Also,
ISEs was not more frequent in EG. However, the differences were not statistically significant, IWG (kg & %),
pre-HD DBP, post-HD SBP & DBP, and serum osmolality in EG. Conclusion: Individual application of LSD in
patients on maintenance hemodialysis is beneficial to decrease pre-HD SBP and post-HD serum sodium
without increasing ISE. Therefore, LSD can be better treatment than conventional dialysate.
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HEE ALIEE EMH o] HAEA sixte| MSS7t, L W £ 5 22120 0|X|= E3t
HH oF 80~90%2] gAtofA] & Qo] FHIETE HiH o o= o]t IYEF T4} Sodium profiling &
W URA BAE Bl o 42 W HlH W W = o] dE S ueksh] o) AUES =40
o AMEIE ShAIuE BANEA B BAZ B 3 Ak Bks] W 9Iek. Keen, Jansons} Gotch
ol 27}z qlstel naYol AYET AATH B4 (1997 BAITF FEF “set point E 7143 Yk A
750 olelA] FUBLAZ HEUTHAgarwal et al,  ASHEOD, 2 A1 set point B e ALER =4
2003). olo] go] B4 % AF 5718 2432 Aok o)
Chl WolR, WOIRA SIS BT YRS F4T 9o Eak 1AW SIS $xe] B4 W WS
TR Qlste] Az ejolgko] FrksHAl HHA, 244 FTEE 7R 3 AUER FA o] AT AIS5 7
Al vt (left ventricular hypertrophy, LVH) 2 ZI3]%] 11 A W dA7)st avE Beltka 3t 18y B48
ol&= FaFolu ARACRE HPu|o] AFE] HAdH N UEF 5%=71 135 mEq/L n|RtolH A&} 25749
Q1 FFS A A FHr} o] Hroll= E > F AT 2=} o] Weh}7] 4 3(Daugirdas, Blake, & Ing, 2001/ 2006), 2
of Qlo] APd HEE ol W F A o] 7 2 Aol Ao A YEF w55 185 o2 dEAQ AYE
A TS} dxEH A 5 odtt s es F FAY A8 AdYH ZsA Y g2 A 5 74
ZPEAHHEA 5, 2000 ; B A, FA2, AHE, 0|5 |2 7 & UAtHEE A 5, 1998). kA A UE
=3} =, 2000), & A48 A8 Aol I &4 “set point & 7o}t
1970 Tl TE AL A-E FAo] =QlE il FA A o] T 71 gAtof| A gk A AUEE FAAS A8
Holl wheh, iAoz & AlZtol gHejojK(Ultrafiltraion, o] dasitt
UR)7} dojubA| & 7] wjZof| £4 5 At oA 24, %3k, Penne & Sergeyeva (2011)+= F4]3Ex}of| A] T4
TE, 539, 75 &2 T4 BAsH FH3lew o] N HEF s=7F 84t 3 HEF Hf 3 mEq/L o4
23t BARE S-S Hebshr] 93 i F stuE £ S A THEL AP EC] S8, BAN UEE ¥
o] UEF v=5 A9 130 mEq/Lof| H]3 138~140 Tt A Y UEF Boh HE B9 UEF BAK:
mEq/LE =% THEF FANS AHSSHA = A2 (sodium gradient) 7} 45 APg-E©| F7Fechal skt
A, L, WS, 01852 o5, 2001). 1L o] fofstAH, IUEF FA4HYouf Sodium profiling &
TIAUEE FAGNS BT F AT £ AL FHE  ATHS B4 F AU WS Zolk P ATl
= S = S A T B A 3 2R AW EFYE I UEE ARE QR A AlSS7E R, AT E
F SR SR 45S doA Ha 24 F7E 57 e Qe A dESE STHIA R FEA
shHA BATE AF S @9 s Edte ¢ SO AMYE-E ol Al H= W, AUER FAH A8
& YozlE Bt ol @4 UERF w59 s AAI7H < EHUEFY ARE HoAA BT AFSSHE &
A3 Dol 9= = o= UL 5F3ItH(He, Markandu, o|al, BAZE Aot Astantrt A, FA S AEY,
Sagnella, de Wardener, & MacGregor, 2005). 7 ™ol F7HE 4= tk= @ o] Q. o] 71 vigt
DA A F B A A B SASEA A A3 ARAoIR B4 F RAES HAskhuA B4
IR Bolo] B2 AL Hasp] Sl BY 71 A1F, Btol Sebrks A% WHshe] 371K 0 Hel
N W HEES F4 27]0lle L5E(150~160 mEq/L) S FA ghxpo) AE A 5o S dlskAL Al
A7 54 ol 5/ 21Q1 H=(135~148 mEq/L) &= Al 4= Qe AR 2= Zlol=t shalnh
A2 7]E Sodium profiling (Linear, stepwise) &N %= ugtA] EAAO) VER =55 dEFXOE 8ol
4 e AgahA Holthlevin & Goldstein, 1996 QuF=Ao] EAuuat 840 54 4 B BYUER
Sadowski, Allred, & Jabs, 1993; £33 4 5 1998), L&} =2 AR NEY AUES BEANL Hasts B4
Sodium profiling HOVEA S £4 el BHol UES 5 WS vugemA AUESE F40] 40| Bl =
£ aolE BTOT, BTACRL AHUER S5 AT AFE/L AU L B4 F RA80] vAE 35S
FeEol B ASS 771, EUE AsAllE gpofsto] Aol A-gst7] gt 7|2AmE AlSst
Aoz Yepgth (2 A 5, 2001). VA& AFE A sk
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HE = &Lt Mol Xgo| HUEA sixio| HSS7t, ot W BA S 2080 0|xl= St
Basa SAATIAL ARA, HES, Wl d s Ret &, NSAIDs & L8 S = Q= o9 39, &
< TS 4o A B ol AP 8 Y EY A &3t 5ol ot oF= A2 ATl =e el
Qlo] ¥]7] &= Frrho] g3, 2003). EFAS 52 T Efe] A54 2.2 140/90 mmHg
National Kidney Foundation (NKF)oJ| 4] 2005 =] B} 22 v FuEUAE Fost= Aoz FudAA
AA]E Kidney Disease Outcomes Quality Initiative (K/ 220l geFo] Mo Zuty 23 oFE £H2 59 g
DOQDoY A= FA4% &t 140/90 mmHg, FA45 det FA 5 S 7 sl o8l 278 = THNKF, 2005)
130/80 mmHgE E-3 O 2 AASFH THINKF, 2005).
SEA|TE, 22} RN Q1 o] A, A, A Aek 9 et 3. Bl LIEE SEof HHEM SiXlo| XESS7I ot H
ERF A {0 et 3k dofo] thE 4= 9lem, od £ = Fxi2ajo| 2
AU SHAE 7|22 2 4fotof h=A] oF2] =vho] Wt
FA A det, B4 5 Y, B e B A7 A FEANO) UEF i 1980t =EE HA} F7tat
Al FA7 FoE 2 vhddiths Bk QAT B g © FAZ @A FAA wet 140 mEq/L7HA = AR
Aol A A Fofl dofo] AstE B 24A17F 24 o] B3 ek IUHEF FAY ARl o3t F4 F FFY
WAL 5 Bkl o ASE 4 ek ek WORA B B 5E9] 271k EEe] 4149 B 4% A}
AZ gAoR @ ApolME BekEchs utpuse T U RS Aol e BYR BE milE Bo =
pressure)o] AW B o WU ATHS BA Wb A F ARY WAe) B Bolk Ao ME 9o
BT A o] 03 7120] H S ATFE AN ARl UGEA 5, 1998), FAL 4SS/ S AN
I=ojof 3tch(Tozawa, Iseki, Iseki, & Takishita, 2002). 7l 3 EUA| o DTS =V 4 Q= BEAH E
Sk W3kl Qlof AA7MA = B2 AR bl =70
2. SlHEMSIX|O|AM TEto] fi01n} X|= o] @31 QH(F 5 5, 1998; ubF off 5, 1999; B\ A},
27, An A 2], 2000; FEA 5, 2001)
7R SApo A= ohefet 2QlE50] A= AH-gst oj 7t FAE-S Eo)7] Sl Al=% Al o] sodium pro-
of L Qo] WAsh=tll, HE} 2] AF= sl et filing FAoj, B4 YEHF FEE 148 mEq/LE 34
EHo] F7kekaL, AR Fom w2 AW A7to] F 2 B8 138 mEq/LE 1A17F 3FA Y, 147 mEq/LE 1
7Fsh, E3o] JE 7Al(salt sensitivity) o] Z7}5}17] A7 BA3%E 3 144mEq/L2 1A|7F, 140 mEq/LZ 2A]7F
ool Alszeoto] S71sf| ard o] WHystA Hot, whet AW, EAUER =5 20 mEq/L E7 141 4
A AONS BA) 2B WS Aol THYS AMA 8% 10mEq/L A 2412k B FER 1A EAelE 5
7 5 olou], re 4 AR AAF My wool o] cheket S22 sodium profiling 4 A7} 2E Ao
2 Qo] HJArsH € 4= ¢lth(Chazot et al,, 1995). ], o]} stepwise ©]2]o]| = linear, increase to decrease
E9H AR B 80-00%, BAEAS Q&M UF 5 cheRak W 0 2 AlE skt Sodium profiling %
2 W3 9l A0 60-50%o] Al o] BWET, o] A& AWSAS v, $5H FA99 S T4 2417 B
F AgsolA Bete] & 2AE A ok e, Tolg US| AwkRAo] uls) fol5h) Eoro), B4 @
2L UYL AR Bea G RESUE 3 SpSolt BAL AFE/ dehiA gikan ok
A B A FA AT SR WA 2 ol S 4 F sl gesigon,
o= AAIGE 385 A B A 5L E S #0000 sodium profiling FAjo] AWREA Kt
Qlth(Agarwal et al., 2003). AEero] HEyl 7HAsHA TUEE EdHc =247
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Preparation phase

The experimental treatment

Pretest Posttest
(4 weeks) (4 weeks)
Experimental group EO El X1 E2
Control group CO C1 X C2

EO, CO : Serum sodium concentration (predialysis of mid-week : four times, postdialysis of mid-week : twice), Dialysate sodium concentration
El, C1 : General characteristics and clinical characteristics, interdialytic weight gain, blood pressure, Laboratory Values (BUN, Cr, Na,

K, Ca, P, Albumin, Hemoglobin, Hematocrit, Glucose, Osmolarity),

and nausea/vomiting
X : Conventional dialysate
X1 @ Low-sodium dialysate

Incidence of IDH (Intradialytic Hypotension), muscle cramps

E2, C2 : Serum sodium concentration (predialysis of mid-week : four times, postdialysis of mid-week : twice), interdialytic weight gain,
blood pressure, Laboratory Values (BUN, Cr, Na, K, Ca, P, Albumin, Hemoglobin, Hematocrit, Glucose, Osmolarity), Incidence of IDH

(Intradialytic Hypotension), muscle cramps and nausea/vomiting

Figure 1. Study design.



HEH FLES 4

)
BN
2K
1o

g K

0Q
=8
2
o

(e}
N
o
1

8002 3}o] AAFE AT} effect size d=900]
TR = 42 0 2 AREE Qo) whehA A
2er F 457 didAE A st
5 off =<t ghat ghgol &
kAt gty o] A3|ste] A

|o
re oX
ox

’

=
N
ot

0

lo Al

o B oo E
©
2 ol
H
N
oS o
o ofN
lo e
o U
o FH o
rick

ST}
o

BN
=

{

204
i)
i
ok
N
ol
)
N
do
ol
=)
2

2

124

Ir

N HIJ
il

mh

H

2

e

o g
10

>
o

flo
o r
o
lo
fu
=
o
o
pa°s
K
Ll
o

S

b

A 3+ (Hawthorne effect)S

[rdere rr > 1o ot 10 3 ot 3Q
i

S

1) AL |2} A

H A Lof| AFEEH AHH| = FMC 4008S &4 7] (Fresenius
Medical Care, Germany)$ 2™ EXAH.0 Gambro A%
(Na+: 140 mEq/L, K+: 2.0 mEq/L, Ca++: 3.0 mEq/L, Mg++:
1.0 mEq/L, Cl-: 110 mEq/L, Ac-: 8 mEq/L, HCO3-: 30 mEq/
& Astelet. A4
2 zAsigo0], 72 4%
olo] JEF Srolel
o 7} By = A7) o] £4
2 Aol AT F AT
2 FMC 400859] 22HEl0] Sl A5 el
ow] £ag Aol 4 Feksl A Aol A

=

O YEE FEL B4 Ao
JEE Sro}Alx =

shelal7] $lel A 4

s

Q)

A2 &

2 J

=
o o
ue

it

o]
AR

= Na, Hemoglobin, Hematocrit, Albumin,
a, P, K, Glucosegs 574 E+= A4 oM,
Abelstabol A 1T AT S o] &-atsict.

BUN, Cr, C
22

-50 -

CAS CI-2001B AHFA ()7}, 7

%l

AL WS

iy

&
N
S~
By
m

0
o
]
3
ik
o
s
_];

e
re
Sl
2
S~
fqror
ek
12
a
>
1o
)
o8|
Coe 1012w
to
juas

~
oo

pt
it
)

rd
fo
o,
r

oy
L by

Ay

ox,

ol

o

K

ek
—_ m (o3
-1& o

N

w
S
s
i
iy
o
g
[
o
T
=2
S~
—~
~
iy
|o
fu
o J
o

ofN
il
o
e
a2

3

o

N
m Jﬂi
xR

>

|
o
i..L
lo 2
2
=2

ofl

ol
o
2
1

o,
olN
o
©

e}

BT R
Hoax x
iz A4n T

(L oh
(|
o oX
ol
o
s

>.
%

4, X|Z4EMH

mEq/L)& Z

o YPUES 5EE 27

s Mo 1x
12

)
[0

oo ok
o xg
2 K
s
4

aE BN

ox K 1x A
il

X
~
s

o &
-
1

m
N
Ry
o

off
i

1%

2) ARAZAL
AR ZEA RS QRS A, o], e, £
712k 2] QWA EAE 2ASHAT, B AL FEO
2 Hemoglobin, Hematocrit, Albumin, BUN, Cr, Ca, P,
3

K, Glucose, Na, Osmolarity@} B4 7 A= =7}
=4I, BAA R 4= Q1

2879, ARge 24s,

f



3t
S

°

=

o

R

o FA = At =

IS 19(1), 2013 48

—

OlAL7

oo
A o] A Hemoglobin, Hematocrit,

Albumin, Cr, Ca, P, K, Glucose©] tj
2*NA+glucose/18+BUN/2.8)

o AFZ7HE, A
bol7t 9191

¥

=

Z

2.15, p=.032)(Table 1).
+

Iv. da il

# 2

(osmolarity

Tt

13
o)
H

o] §AEolth Teuk BUNS A o] tharet o
A=

ool T A Ao| S-XE QH(Table 1),

A X
%

£
L=

.

°f

=

ol Aope
T

S
1-3

HEE] 4

£
ofuIAL 5 2 B4 ARHA] 717k

%
=)

=
=

Fo] 2mEq/LY] 5=
2

[
o] &

HEF AAREsH
A

€

JUEHE 5=

=40 JEF 5 EE 136 mEq/
o
=

UEF %7} 136 mEq/L ©]3}¢] 3

L

Ao A

UEE HERT 3mEq/L B} & 4%
7]

%
°|

Fodek A

I

o}
=

k|
=
o

=
S
A

Hr} w2 9o
o LFE S =55 134 mEq/LZ
b

EIN

I

J
Ao
A
=
2

I

=7}
FEEL APEEC] ST, RN YER $=71 &

E
T

=

4) Ak
g 27
2

=3
L

T

d], Penne®} Sergeyeva (2011)+= T4 3kx}of A

UEE 5%7} 138 mEq/LE
X5 138 mEq/L=,
136~138 mEq/L3l ZA}-
(140 mEq/L)

]_

E
A

0|

5t %

NGRS

]
|

|

T}o| Al BUNO| €-9]3)F 2}o]S HRA|gk &

A

N
i

Ho
il
ﬂﬁNO
B
o
;OT
xr
wH

Yoll=

Wk

<H
rze]

a3

5. XI=:

ol
65
3l

o8
1_]_._

ol
AL

ol

s5718

155712t A

X

ExzH

1)

o] EtH(Table 2).
2, 7paad

t-test2} Mann-Whitney

[e)

e

=

test, Fisher's exact test

)

.59, p=.557)

=0

422)9} AlF57H Aol
(0.15%0.42, 0.21+0.72)32 t2+1(0.03£0.55, 0.06£0.94)

p:

1o}

2 4

U test

S

-51 -

&

2 t-test



HEE HLES S o B

Table 1. Homogeneity Test of the General and Clinical Characteristics for the Control and Experimental Groups

Exp.(n=22) Cont.(n=21) 5& o
Characteristics Categories U P
n(%) or M+SD n(%) or M*+SD tor

Sex Male 11 (50) 8 (38.1) -

Female 11 (50) 13 (61.9) 061 o1
Cause of ESRD HTN 9 (40.9) 5(23.8)

DM 10 (45.4) 11 (52.4)

GN 1(4.5) 1(4.8) 314" 641

PCKD 209.1) 2(9.5)

Other 0 (0.0) 2(9.5)
BP medication Taking 17 (77.3) 16 (76.2)

Not taking 5(22.7) 5(23.8) 0.007 608
Age 56.41%+13.50 59.19+13.40 0.67 502
Duration of dialysis (month) 36.68+£35.12 48.81+56.75 -1.08 279
Erythropoietin dose 6888.64+4346.75 7690.48+3600.26 -0.657 515
Hgb (g/de) 10.55%+1.38 10.52+0.98 -0.08 933
Hct (%) 31.81+4.31 31.41+281 -0.35 722
Alb (g/d0) 3.93£0.26 3.90+0.36 -0.38 704
BUN (mg/d¢) 64.62%+11.70 57.22+16.43 -2.15 032
Cr (mg/d¢) 8.62+234 8.13£273 -0.77 437
Ca (mg/d0) 9.15£0.60 8.95+£1.10 -0.73 464
P (mg/d0) 451131 456+1.66 -0.47 635
K (mmol/L) 4.94%0.68 471%+0.73 -1.09 279
Glucose (mg/d0) 141.0%+62.12 150.48+50.16 -0.97 331

Exp.: Experimental group; Cont.: Control group; HTN: Hypertension; GN: Glumerulonephritis; PCKD: Polycystic kidney disease.

Fisher's exact test,

Table 2. Homogeneity Test of Variables for the Control and Experimental Groups

Exp. (n=22) Cont, (n=21)
Variables Categories t P
M=SD M=*SD
Weight Body weight gain (kg) 2.30£0.81 2.13%+0.75 -0.68 500
Rate of weight gain (%) 4.06+1.32 3.80+1.22 -0.66 .509
BP Pre HD SBP 139.52+18.50 139.39+18.31 -0.02 981
Pre HD DBP 72361924 70.19+8.22 -0.81 421
Post HD SBP 125.60+£15.90 133.75+16.17 1.66 103
Post HD DBP 70.57+8.69 69.84%6.79 -0.30 762
Nausea/vomiting 0.46+0.21 0.00+0.00 -0.97 329
Muscle cramps 0.32+0.72 0.14%+0.48 -1.11 264
Intradialytic hypotension 259+277 2.14+2.69 -0.67 499
Sodium Pre HD 137.50+2.20 137.32+2.36 -0.14 884
Post HD 137.57+1.22 137.38%1.16 -0.51 609
Osmolarity Pre HD 305.91%£5.25 303.44+7.94 -0.21 .233

Exp.: Experimental group; Cont.: Control group; HD: Hemodialysis; SBP: Systolic blood pressure; DBP: Diastolic blood pressure.
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Table 3. Differences in the IWG, IWG (%), BP, Intradialytic Side Effects, Serum Sodium & Serum Osmolarity of the Control and

Experimental Groups

Exp. (n=22) Cont. (n=21)
Variables t P
M=£SD M=ESD

Interdialytic weight gain (kg) 0.15%£0.42 0.03%£0.55 0.81 422
The rate of interdialytic weight gain (%) 0.21+0.72 0.06+0.94 0.59 .557
Pre HD SBP (mmHg) 13.92+14.81 5.64+11.38 2.04 .047
Pre HD DBP (mmHg) 1.78%5.77 0.34£6.90 0.74 463
Post HD SBP (mmHg) 8.70+17.23 8.01£8.59 0.16 869
Post HD DBP (mmHg) 197+7.17 -0.75%£7.31 1.23 223
Nausea/vomiting 0.04+0.21 0.00+0.00 1.000 .329
Muscle cramps 0.09+1.01 0.09%0.53 -0.01 986
Intradialytic hypotension -0.31+£2.16 0.42+317 -0.90 371
Pre HD Na (mmol/L) 1.54%1.46 0.13+1.80 -2.82 .007
Pre HD osmolarity (mOsmol/k) 3.98+6.51 1.32£8.51 -1.15 256

IWG: Interdialytic Weight Gain; IWG (%): Interdialytic Weight Gain Rate (%); HD: Hemodialysis; SBP: Systolic blood pressure; DBP:

Diastolic blood pressure.
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