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Peritoneal Protein Loss in Nephrotic Syndrome on Peritoneal Dialysis

Yo Han Ahn, M.D., Euiseok Jung, M.D., Se Eun Lee, M.D., Hee Gyung Kang, M.D.
11 Soo Ha, M.D., Hae Il Cheong, M.D. and Yong Choi, M.D.

Department of Pediatrics, Seoul National University College of Medicine, Seoul, Korea

Purpose : The pathophysiologic mechanism of nephrotic syndrome is not yet known clearly. At
least in some cases, certain 'circulating factors’ are thought to increase the glomerular protein
permeability. Considering the systemic effect of the circulating factor on peritoneal membrane,
we evaluated the loss of protein through peritoneal membrane in patients on peritoneal dialysis
due to the end stage renal disease (ESRD) caused by steroid resistant nephrotic syndrome (SRNS).
Methods : We retrospectively reviewed the medical records of 26 pediatric patients on peritoneal
dialysis ensued during the period from 2001 to 2007 at our clinic. Twelve patients had SRNS,
while 14 patients had ESRD caused by the congenital anomalies of urinary system.

Results : While the other parameters including nPNA indicating the adequacy of protein intake
were similar between the two groups, serum albumin was lower in SRNS patients than the non-
SRNS patients (3.7+0.3 g/dL vs. 40104 g/dL, P=0.021). Peritoneal protein loss was higher in
SRNS patients than in non-SRNS patients (3,044.4+837.6 mg/m”/day vs. 1,791.61,244.0 mg/m%/
day, P=0.007). The protein permeability of the peritoneal membrane measured by the ratio of total
protein concentration in dialysate to plasma was twice as high in SRNS patients as the non-SRNS
(1.060.46% vs. 0.58£0.43%, P=0.010). After 1 year, peritoneal protein loss increased in both
patient groups, but to a significantly greater degree in non-SRNS patient (P=0.023).
Conclusion : The results of our study support the notion that in nephrotic syndrome there are
some ‘circulating factors’ with the systemic effect. Since the greater protein loss through peritoneal
membrane in SRNS was confirmed in this study, more meticulous nutritional support and close
monitoring on the nutrition are required in these patients. (J Korean Soc Pediatr Nephrol 2009;
13:189-196)

Key Words : Nephrotic syndrome, Peritoneal dialysis, Protein loss
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SPSS version 16.0 3|7|A| & o]-43lo] EAE4
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oJgk z2tel7t Q= FloE A3l

Table 1. Characteristics of Patients

e 1

1. SRNSZ2} i== Hlw

SENS#(n=12)¢] WAL 11HAA F44
Ay ATA ZFolgom 18e A W5
AFFroIAT) vET BRHn-149] AL R
A AEE 108, WA A 29, o84 A% 1
W, F 9% gk F5 1gelgln), AL
oF 10473l BePRAS Algalglon SRNSTH
Yzitel AH, T 7%k B4 AR A o), £4
e EAS 0 e Stth(Table 1),

SRNS (n=12) Non-SRNS (n=14) P value
Gender, M:F 75 11:3 0.401
Age at start of PD, median (range) 116 (4.7-182) 104 (4.8-18.0) 0.643
Dialysis duration (years) 25+2.1 27%16 0.643
Dialysis type; CAPD:NIPD:CCPD 7:1:4 851 0.142
Data at the initiation of dialysis
Serum BUN (mg/dL) 626+11.7 575+14.2 0.425
Serum creatinine (mg/dL) 104£24 79£22 0.014"
Serum protein (g/dL) 65108 63105 0.115
Serum albumin (g/dL) 37+03 40£04 0.021"
BSA 11£03 1.1+0.3 0.719
Dialystate exchange input volume (mL) 5,174.1+1,436.7 4525.0+1,637.1 0.322
24hr peritoneal output volume (mL) 5,665.6+1,310.9 5,085.6+1,930.6 0.366
24hr peritoneal protein (mg/day) 3,182.2+1,133.8 21089+1,635.2 0.064
24hr peritoneal protein/BSA (mg/m?*/day) 3,044.4+837.6 1,7916+1,244.0 0.007"
Adequacy of clearance Kt/V 2.09£0.36 2.45+0.48 0.072
Residual renal Kt/V 0.26+0.39 0.98+0.45 0.002"
PET; high, n (%) 2 (16.7) 2 (14.3) 0.641
Parameter of protein intake nPNA 1.06+0.22 1.02%+0.32 0.438
Dialysate/Plasma protein (%) 1.06+0.46 0.58+0.43 0.010"

"P<0.05

Abbreviations : SRNS, steroid resistant nephrotic syndrome; PD, peritoneal dialysis; CAPD, continuous
ambulatory peritoneal dialysis; NIPD, night intermittent peritoneal dialysis; CCPD, continuous cyclic peri-
toneal dialysis; BSA, body surface area; BUN, blood urea nitrogen; PET, peritoneal equilibration test;

nPNA, normalized protein nitrogen appearance rate
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Table 2. Laboratory Data after 1 year

SRNS (n=11) Non-SRNS (n=12) P value
Serum BUN {(mg/dL) 6761283 54.0£232 0.175
Serum creatinine (mg/dL) 115£3.3 9.0£35 0.031"
Serum protein (g/dL) 63105 6.60.4 0.122
Serum albumin (g/dL) 38+04 3.9+03 0.437
BSA 11£03 1.1£03 0.902
Dialystatey exchange input volume {(mL) 6,617.0£2,240.2 5,672.7£2765.2 0.341
24hr peritoneal output volume (mL) 7,313.4%+2,602.5 6,475.512910.1 0.460
24hr peritoneal protein (mg/day) 3,663.4+1,657.2 3,036.8+1,079.2 0.389
24hr peritoneal protein/BSA (mg/m?%day) 3,166.4+1,279.4 2,645.41759.8 0.196
Adequacy of clearance Kt/V 2.08+£0.59 2.43+0.74 0.307
Residual renal Kt/V 0.20£0.43 0.770.60 0.019"
nPNA 1.07£0.17 125+045 0.549
Dialysate/Plasma protein (%) 0.81£0.26 0.78£0.28 0.672
"P<0.05

Abbreviations : SRNS, steroid resistant nephrotic syndrome;

BSA, body surface area; BUN, blood urea ni-

trogen; nPNA, normalized protein nitrogen appearance rate

5,000

4,000
3,000
2,000 ESRNS
B Non-SRNS

ﬁ% i

Initial 1 year

Fig. 1. Measured 24-hours peritoneal protein per
body surface area (mg/m®/day) in patients on peri-
toneal dialysis, early after the initiation of perito-
neal dialysis and after 1 year. Mann-Whitney U test.

1.3+
1.24
1.1
1.04
0.94
0.84
0.7
0.64
0.54
0.44
0.3

mSRANS
A Non—-SRNS

T T
Initial Tyr

Fig. 2. Ratio of dialysate protein to plasma protein
levels (%), early after the initiation of peritoneal
dialysis and after 1 year. Mann-Whitney U test.

At FH Aol d2 SRNST oA 104724
mg/dL= Hx=7(79£2.2 mg/dL, P=0014)Rt} =
tar ko] A7) 5 (residual renal Kt/V)2 SRNST
oA 02610.392 327 (0.981045) Rt} ol
g7 dHRIL SRNSTolA 37103 g/dLE hx
(40104 g/dl, P=-0.02D) R} itk @] A%
WA FBeols Fa o A SRNSwol A
xwr B} BATA 02 ofn) QA Bk (Table
1, Fig. D, @7 dllol] gt H2ke] Fabd(Dialy-
sate/Plasma protein concentration)< SRNSi-oll
A izt 20 7 s okth(Fig. 2).



3. Alzt

Zojof mE el A

=

2ol s}

o
e (mg/m/day)ﬂr Eulol ta)

RO WIhHaIT SRNSEAH S
1% B4 AL 1 F B g 2 %koﬂ A4

&

) zbolE HolA] 9Fgkon(2938.7+
3116471279.4), xuroll A< 52 E‘r—‘i i*a‘%ko]

0

%7 1,770.4+1,344.0 mg/m’/day, 111 :‘—F‘ 26454+
759.8 mg/m*/day 2 Z713ldtH(Fig. 1), 2g} i)

SAEEe] AIZE Aol wE Wste] F ke Ao
(SRNST vs. Ul e BAFCRE 2n] Qe
O] ATHP=0.023). Hete] vl FapA] = EHapol
s /E8 whelis (%) 9] M3l £3 SRNSTE
el A 27 b Fd-e o), SRNSa ol
A 1.101046%0014 0.8110.26%2 3143k vbd,
ozl A 0.6010.47%01 4] 0.7810.28%% 57T
St Fig. 2).

-

¢

rﬁ Y

;

i =

o] 7ol Riarel Zol[19] & AFAA % JFF
o8 B BAS ARG} giAjoll A B BALS F
gk ohdl o] thE Ao R QI Buf BAE A
2hgE datrnk ofn] QA wkth BEE HEEAd
ol @l Adel] JakE F o e 5 Ty
(PET)[20] -+ ztell zteol7k gl ol v)sfed]
o] )3k EY-E 34 (Dialysate/Plasma protein)
= AGSIT B A FTEE ] lar EF ARl
TR on] QA Bt g, HEREAlE AR
o] % 17k SRNS#HArrol| 4] o) thell 4240 713}
A o tixuelM e Frkeke % o‘% =R

SRNSE X Aol A9} o] a4 B44 /\]-:,1

A AsFEFESGS) o] oS 24 o}~tﬂ FSGS&

ekl Atz ¢ Al 133d A 2F 20094

B okl FEATINAPRTCS)S 20064 K
TAlel w2 Aop AFe] A% oA 7] 2o
11.7%, FA45<9 32k 145%5 A8k

Agolti21]. 2 dAFoA] 1] ﬂxu Wy Aek
2 HAA S Aol o), o] A
= FSGSelARE 24 ZAL A ﬁoﬁ}ﬂ 1 A
TAZE LA E%s 7Heel YSBRE 2 AT

z29

o AAs

oA 9] SRNS #AE2S 27 FSGS &4 7=
g 4 AT, 22, 23] FSGST A% o4& wbs
Bg ALEo] w1, A 5 Y e e WY
Z3 2 ¥ (immunoadsoption)& o]-&8 3 1A=
AAT 35 He7E s A7 eBRE Ao
& oA =812 E 1 Beld #ofd Aow

L RAAE EF ARk A AT

A AEw ol Ale) v Rabde 59 Ao
2 7% % e, ol A%Fre REe )7

3+
0% welgo] & 7)de] shtoltHl], B A%
o]

Hoh 7ol 7k B2 S BAalgk Sashikala®] <
Tl AT G4 o83t AL Eaghul izl o)
Q& Fhol] wE atele] vlHoR FPgstlET),
AT A = olEg 7o e A =
o

=

2
&)
AN

T FAp A T AR o et BehE B3t
W Fabgdol ke o] e As #eld = Uik
Bup A Aol ok Azt WiWEkAl waye)
=, 1 R EE 859 EFRe AlA, B
vz o] vl 24 Rk s Heke Gl ogh ¢
A olgl F7, By Fie] o) A& A3l Fo] A
2531 9tk K-DOQI 7Fo| =g}elof| A= vk Hat
A B Behs 9 s} ok 24
wizel] ol B4 Fxpuct g oFe] wuls 43

g AS ARl 9o ok 100%2] reference
nutrition intake (RNDE FA|gto24 A44-S
BEE Ae A3t 16, 24, 25]. 53] Aol

M goge] Al wde] Gk F 5 glons
W) ARAE g3 Qe sojl A FAL 4
R ol @ T GF £8E WkAE

- 193 -



0,
fo
o
i)
[os]
o
B
=S
Bl
i
off
o
22
ofi
o
H
rigt
2
1
d
2
filo
oft
ot

o s W16], ¥ A7 Av}s SRNS dpe] 4
olefd G wFe| U F1F 7 Lolo} B &
Slek, 53], BuRA] el A e Boh
S A 01%54134 B Bl o] B, A
& 42 Sis e 92iA 5619 9
FA7H SRNSAA) szl wlghe] e 2

2
2
k)

i

it
N
T
oy
—m
R
S’ }'2‘1]'
o —_—
}‘r(' 5
o,
=
ok

S
>

%0

Moo
_%ILI
%
2
R=)
A
1 2
_1
_L
A
o,
)
r&
iﬁ’l

o ot

3 7 APl m ol ek
Zof A ﬂ%z%ﬂ

:(I:L_t‘

kA

o

I

30

2

=

o

&

%

w

i F

PO

é

o 2oy D
BNoE oEE
Hoolomo e

=
:(I)L_t‘
g
o
lo,
OO
o
©,
)
lo
}L
O
&
i

it
e wo B

~
2
)

i

B
=
ot
1o,
v
=
—m
SR
i
o
(A
o,
ol ‘W' ) _L‘ _L4 _>L

pous
o
fr
[ -, =
E,E
rir
=
.
2
=,
ol
m 12 =

u} -:swm. , SRNSELPJ =

o
T
o
5‘.:
é

HJs
]

]
e %9}24 ole] QaHal o

e
SR

renal Kt/ V)o

a=)
nﬁu rir
f o
1
o oy £ 2
L N o YHCG B
L > o
E g o2 92
ooy
1
aE F
o 1 * o
A
e K
o0
rir
Er
o3
2
ries
X
S
=

b
v
)
i
o
o
ik
o
N
)
0

£

o[ < A T =
o

RO

& FFol A AR g Eabgo] $7)
AL AAAL B A BEise] g A
o] AH 8 A ATA| 9] 7]

Bl e] Gt Biste], B Aol B}
A &9l steroid resistant nephrotic syndrome

(SRNS) @l ] BepRae B vl 24 4
=2 sjefatag 89

B B0 20010 E] 20009714 Eek B 9]
ANEFat B2 12%(SRNS)H dizat 1448 o
o8 gy gx-txyt I7E A AH,

AlZE AL A, xﬂz 21, W, FA

AL 224N FA A a5
AEH ATE fGrksly] 98] nPNA (normahzed pro-

=

tein equvalent of total nitrogen appearance)S =
33191

Z 1} : SRNST I dZa"2 nPNAE v]%3% o
& A3kl o1 gl ApelE HolA] ggkort SRNS
oA FA LRRle] 37103 g/dLE wiEt(4.0
04 g/dL, P=0.02DRt} sl Hutels F5
wh Ak SRNSTollA] dlarreh F A sH
o.& 9] 917 =9kor (304448376 mg/m’/day
vs. 17916712440 mg/m’/day, P=0.007), 87 &
Hell ok Eute] T2 SRNSwolA] s
o} 28] 71 = tH1.0610.46% vs. 0.58%0.43%,
P=0010). SRNSv7 3} diza- B 279 1d H
Eeh o ko] Srbshl o vl A o &
zto]g Bl om Bup whe AAwke] A7 7o

& W3le T ZH(SRNST vs. thE) 7k 2]l
Al AFel7h AATHP=0.023).

g B A1SFTE ¥ol e Lot BAA 5
B B8 AlEE wjs o] 5o e, 4 2 u
gofl BrP} weh Ao ofFoixof L, &
whe. £ ghul 228 mUE gEke] o] 2 1 Ea)E
© =9 5g desteet Az

- 194 -



References

1) Savin V], McCarthy ET, Sharma M. Permea-
bility factors in focal segmental glomerulo-
sclerosis. Semin Nephrol 2003;23:147-160.

2) Trachtman H, Greenbaum LA, McCarthy ET,
Sharma M, Gauthier BG, Frank R, Warady B,
Savin V]. Glomerular permeability activity: Pre-
valence and prognostic value in pediatric pa-
tients with idiopathic nephrotic syndrome. Am
J Kidney Dis 2004;44:604-10.

3) Meyrier A. Mechanisms of disease: Focal seg-
mental glomerulosclerosis. Nat Clin Pract Ne-
phrol 2005;1:44-54.

4) Artero ML, Sharma R, Savin V], Vincenti F.
Plasmapheresis reduces proteinuria and serum
capacity to injure glomeruli in patients with re-
current focal glomerulosclerosis. Am ] Kidney
Dis 1994;23:574-81.

5) Dantal J, Bigot E, Bogers W, Testa A, Kriaa T,
Jacques Y, et al. Effect of plasma protein adsor-
ption on protein excretion in Kidney-transplant
recipients with recurrent nephrotic syndrome.
N Engl J] Med 1994;330:7-14.

6) Dantal J, Godfrin Y, Koll R, Perretto S, Naulet
J, Bouhours JF, Soulillou JP. Antthuman immu-
noglobulin affinity immunoadsorption strongly
decreases proteinuria in patients with relapsing
nephrotic syndrome. J] Am Soc Nephrol 1998;9:
1709-15.

7) Feld SM, Figueroa P, Savin V, Nast CC, Sharma
R, Sharma M, et al. Plasmapheresis in the treat-
ment of steroid-resistant focal segmental glo-
merulosclerosis in native kidneys. Am J Kidney
Dis 1998;32:230-7.

8) Bagga A, Mantan M. Nephrotic syndrome in
children. Indian J] Med Res 2005;122:13-28.

9) Martinelli R, Okumura AS, Pereira L], Rocha
H. Primary focal segmental glomerulosclerosis
in children: prognostic factors. Pediatr Nephrol
2001;16:658-61.

10) Gipson DS, Chin H, Presler TP, Jennette C,
Ferris ME, Massengill S, et al. Differential risk

ekl Atz ¢ Al 133d A 2F 20094

of remission and ESRD in childhood FSGS.
Pediatr Nephrol 2006;21:344-9.

11) Paik KIH, Lee BH, Cho HY, Kang HG, Ha IS,
Cheong HI, et al. Primary focal segmental glo-
merular sclerosis in children: clinical course and
prognosis. Pediatr Nephrol 2007;22:389-95.

12) Antignac C. Genetic models: clues for understan-
ding the pathogenesis of idiopathic nephrotic
syndrome. ] Clin Invest 2002;109:447-9.

13) Gipson DS, Massengill SF, Yao L, Nagaraj S,
Smoyer WE, Mahan JD, et al. Management of
childhood onset nephrotic syndrome. Pediatrics
2009;124:747-57.

14) Quan A, Baum M. Protein losses in children on
continuous cycler peritoneal dialysis. Pediatr
Nephrol 1996;10:728-31.

15) Lobbedez T, Pujo M, el Haggan W, Hurault de
Ligny B, Levaltier B, Ryckelynck JP. [prevention
of malnutrition in peritoneal dialysis patients].
Nephrologie 2003;24:387-9.

16) Rees L, Shaw V. Nutrition in children with CRF
and on dialysis. Pediatr Nephrol 2007;22:1689—
702.

17) Stefanidis CJ, Klaus G. Growth of prepubertal
children on dialysis. Pediatr Nephrol 2007;22:
1251-9.

18) Scharer K, Essigmann HC, Schaefer F. Body
growth of children with steroid-resistant ne-
phrotic syndrome. Pediatr Nephrol 1999;13:828-
34.

19) Kopanati S, Baum M, Quan A. Peritoneal protein
losses in children with steroid-resistant nephro-
tic syndrome on continuous—cycler peritoneal
dialysis. Pediatr Nephrol 2006;21:1013-9.

20) Cooper S, Iliescu EA, Morton AR. The relation-
ship between dialysate protein loss and mem-
brane transport status in peritoneal dialysis pa-
tients. Adv Perit Dial 2001;17:244-7.

21) Smith JM, Stablein DM, Munoz R, Hebert D,
McDonald RA. Contributions of the transplant
registry: The 2006 Annual Report of the North
American Pediatric Renal Trials and Collabora-
tive Studies (NAPRTCS). Pediatr Transplant
2007;11:366-73.

22) Shiiki H, Dohi K. Primary focal segmental glo-

- 195 -



0,
fo
o
i)
[os]
o
B
=S
Bl
i
off
.
2
ofi
o
5N
e
2
lo
d
2
filo
oft
ot
20
=z
b
ik

merulosclerosis: clinical course, predictors of  24) Kopple JD. The National Kidney Foundation K/

renal outcome and treatment. Intern Med 2000; DOQI clinical practice guidelines for dietary

39:606-11. protein intake for chronic dialysis patients. Am
23) Cho MH, Hong EH, Lee TH, Ko CW. Patho- J Kidney Dis 2001;38:568-73.

physiology of minimal change nephrotic syn-  25) KDOQI Clinical Practice Guideline for Nutrition

drome and focal segmental glomerulosclerosis. in Children with CKD: 2008 update. Executive

Nephrology (Carlton) 2007;12 Suppl 3:511-4. summary. Am J Kidney Dis 2009;53:511-104.

- 196 -



