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THE PLASMA PERMEABILITY FACTOR IN NEPHROTIC SYNDROME: INDIRECT EVIDENCE 
IN PEDIATRIC PERITONEAL DIALYSIS

Marta Azocar, Lily Quiroz, Angela Delucchi, Hector Dinamarca, Marcos Emilfork, and Francisco Cano

Division of Pediatric Nephrology, Luis Calvo Mackenna Children’s Hospital,  
University of Chile, Santiago, Chile

♦  Background: Nephrotic syndrome (NS) in children has 
been associated with a systemic circulating permeability 
factor. Therefore, once peritoneal dialysis (PD) has been 
started, peritoneal protein losses should be higher in the 
nephrotic than in the non-nephrotic population.
♦  Objective: We compared peritoneal protein losses in 
children with and without NS on PD.
♦  Methods: Our retrospective 4-year study analyzed His-
panic patients with NS under PD. Data at dialysis entry 
and 6 months later were compared. Nutritional support 
was given according to recommended dietary allowances 
and recommendations from the Kidney Disease Outcomes 
Quality Initiative. Clinical and biochemical data were 
obtained, and 24-hour dialysate and urine samples were 
collected to measure protein losses. Dialysis dose (Kt/V), 
daily protein intake (DPI), normalized protein equivalent 
of nitrogen appearance (nPNA), peritoneal equilibration 
test (PET), and peritonitis rate were determined. All mea-
surements took place at least 4 weeks after resolution of 
a peritonitis episode. All patients received automated PD 
using a HomeChoice PD System cycler (Baxter Healthcare 
Corporation, Deerfield, IL, USA), with an exchange volume 
of 1100  mL/m2 and a dextrose concentration of 1.5%  – 
2.5%. A control group of non-NS children on PD matched by 
age and sex were also studied. Data are reported as mean 
±  standard deviation. Differences between groups were 
calculated using the Mann–Whitney U-test, and p < 0.05 was  
considered significant.
♦  Results: Each study group consisted of 10 patients [NS pa-
tients: 4 boys, mean age of 7.3 ± 4.1 years; control patients: 
6 boys, mean age of 7.2 ± 4.7 years (p = nonsignificant)]. In 
the group with NS, 8 patients were diagnosed by biopsy as 
having focal segmental glomerulosclerosis, and 2 as having 
minimal-change disease. At study entry, patients with NS 
had hourly urinary protein losses of 398 ± 313 mg/m2 and 
daily peritoneal protein losses of 3.4 ± 1.9 g/m2, compared 
with 29.9 ± 31 mg/m2 and 1.5 ± 1.1 g/m2 respectively in the 
control group (p < 0.05). The same statistical difference 

was found 6 months later. We observed no statistical dif-
ferences in PET results, daily exchange volume, and mean 
dextrose concentration of dialysate. Similarly, no significant 
between-group differences were observed for Kt/V, DPI, 
nPNA, and biochemical parameters.
♦  Conclusions: Hispanic children with NS on PD show higher 
peritoneal protein losses than do their control counterparts. 
Such differences could be secondary to increased peritoneal 
permeability caused by a systemic permeability factor.
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Idiopathic nephrotic syndrome (NS) is a glomerular 
disease that typically affects children between 2 and 

8 years of age. The estimated annual incidence is 2 – 7 
per 100,000 population under the age of 18, and the 
estimated prevalence is 12 – 16 per 100,000 (1). Minimal-
change disease (MCD) remains the most common cause 
of NS, especially in children less than 8 years of age (2). 
Some studies have suggested a changing trend in the his-
topathology of NS, with an increasing incidence of focal 
segmental glomerulosclerosis (FSGS) in adults as well as 
in children—reaching up to 55% in adolescents (3). As a 
consequence, it might be expected that more children on 
dialysis will be carriers of FSGS in the coming years.

The causes of NS are unclear. The hypothesis of cir-
culating factors involved in the genesis of abnormal 
glomerular permeability to plasma proteins has been 
accepted as a plausible theory since the 1970s. Originally 
proposed by Shalhoub in 1974 (4), these factors have 
been presumed to be linked to T-cell dysfunction. Meyrier 
(5) proposed that MCD represents a systemic abnormal-
ity in lymphocyte function. There is some evidence that 
a circulating permeability factor is present in patients 
with some forms of NS, mainly FSGS, which may render 
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the glomerular basement membrane more permeable to 
plasma proteins (6–8). The observation that up to 35% 
of patients diagnosed with FSGS and receiving a renal 
graft develop recurrent NS soon after transplantation, 
and evidence that plasmapheresis helps to lower or even 
to stop proteinuria and a recurrence of NS, have been 
considered to be strong evidence supporting the systemic 
theory (9,10).

Sharma et al. (8) identified a focal segmental perme-
ability protein factor associated with a low molecular 
weight fraction from plasma and showed that the pro-
tein’s in vitro activity correlates with severity of disease 
and risk of recurrence. McCarthy et al. recently proposed 
that cardiotrophin-like cytokine factor 1 (CLCF1) could 
be an active factor in FSGS. Soluble urokinase receptor 
has been also identified in the plasma of patients with 
recurrent FSGS (11).

Steroid-resistant patients with NS show poor prog-
nosis; most progress to end-stage renal failure (ESRF) 
and dialysis over time. If steroid-resistant NS were to be 
associated with the systemic permeability factor demon-
strated by Sharma et al., then peritoneal protein losses 
should be greater in NS patients on peritoneal dialysis 
(PD) than in a non-NS dialyzed population. The impli-
cations of increased peritoneal protein losses include 
further exacerbation of malnutrition, increased risk of 
infection, growth retardation, developmental delay, 
and increased mortality in pediatric PD patients with NS 
(12). To date, only one study has showed that peritoneal 
protein losses are higher in children with NS on PD, and 
clinical observations suggest that these patients need 
careful nutrition and dialytic supervision (13). The ob-
jective of the present study was to evaluate peritoneal 
protein losses in Hispanic children with steroid-resistant 
NS on PD therapy, comparing them with dialyzed patients 
not having NS.

METHODS

Our retrospective 4-year analysis (2003 – 2007) evalu-
ated chronic PD patients with ESRF secondary to NS. All 
patients were attending the Luis Calvo Mackenna Chil-
dren’s Hospital, University of Chile, Santiago, Chile.

Data from the 2nd and 6th month on PD were analyzed. 
Age, sex, weight, height, and time on PD were recorded. 
Biochemical data included serum creatinine (Jaffe 
reaction), electrolytes, blood urea nitrogen (enzyme 
assay), calcium, phosphate, parathyroid hormone [PTH 
(Advantage Nichols Intact PTH Assay: Quest Diagnos-
tics Nichols Institute, San Juan Capistrano, CA, USA)], 
serum albumin, and protein (turbidimetric assay). At the 
beginning and end of follow-up, 24-hour protein losses 

and nitrogen were measured in dialysate and urine. 
Thimerosal was added to the urine and dialysate samples 
to avoid urea generation secondary to bacterial activity. 
All samples obtained under conditions of noncompliance 
were discarded.

Dialysate volume, dialysate dextrose concentration, 
and daily urine output were recorded. All serum, urine, 
and dialysate samples were processed on Hitachi 917 
and 717 analyzers (Boehringer Mannheim, Mannheim, 
Germany) in our laboratory. Patients with fever, infec-
tion, gastrointestinal absorption disturbances, active 
steroid treatment, endocrine diseases, and compliance 
or behavioral disturbances were excluded.

Daily protein intake, residual and peritoneal dialysis 
dose (Kt/V), and normalized protein equivalent of ni-
trogen appearance [nPNA, Borah equation (14)] were 
measured every 3 months. A peritoneal equilibration 
test (PET) was performed every 6 months, as usual. If 
a peritonitis episode occurred, peritoneal protein loss, 
Kt/V, and PET evaluations took place at least 4 weeks 
after antibiotic therapy was completed. The peritonitis 
rate was recorded.

Patients on PD for ESRF secondary to non-NS causes 
were matched by age and sex to constitute a control 
group (Table  1). All patients received erythropoietin 
alfa and calcitriol as recommended in the Kidney Disease 
Outcomes Quality Initiative (K/DOQI) guidelines (15,16). 
No patient was on growth hormone therapy.

Nutritional support was given in all patients to reach 
100% of the recommended dietary allowance for energy 
and the K/DOQI recommendations for protein (17,18). 
During follow-up, monthly monitoring of nutrition 
was performed by a renal dietitian to assure adequate 
protein and energy intake. All patients underwent 
automated PD using a HomeChoice PD System cycler 
(Baxter Healthcare Corporation, Deerfield, IL, USA), 
with an exchange volume of 1100 mL/m2 and a dextrose 
concentration of 1.5% – 2.5% to reach a minimum Kt/V  
of 2.1 (19).

The study was approved by the Clinical Ethical Commit-
tee of the Luis Calvo Mackenna Children’s Hospital. Data 
are reported as mean ± standard deviation. Differences 
between the groups were determined using the Mann–
Whitney U-test on SOCR (the Statistics Online Computa-
tional Resource, University of California, Los Angeles, CA, 
USA), and p < 0.05 was considered significant.

RESULTS

Each study group consisted of 10 patients [NS patients: 
4 boys, mean age of 7.3 ± 4.1 years; control patients: 6 
boys, mean age of 7.2 ± 4.7 years (p = nonsignificant)]. 
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The causes of NS were diagnosed by renal biopsy. In the 
NS group, 8 patients had FSGS, and 2, MCD. In the control 
group, 6 patients had renal dysplasia, 2 had obstructive 
uropathy, and 2 had renal disease of unknown cause. 
The groups did not differ in weight, body surface area, 
months on PD at the time of data extraction, or dialysis 
volume prescription (Tables  1 and 2). Height-to-age 
standard deviation score was –1.5 ±  0.6 in the study 
group and -1.9 ± 0.8 in the control group. Daily protein 
intake (grams per kilogram) was similar in both groups 
at the beginning and the end of the study. Mean nPNA 
was 1.502 for the NS group and 0.902 for the control 
group (p < 0.05, Table 2). Tables 2 and 3 detail dialytic 
and biochemical data for the groups, showing values for 
creatinine, blood urea nitrogen, bicarbonate, hemoglo-
bin, calcium, phosphorus, alkaline phosphatase, serum 
protein, albumin, and PTH for both groups. Only PTH and 
serum albumin showed a significant difference between 
groups. At the end of the protocol, PTH was 164 ± 144 pg/
mL in the NS group and 503 ± 454 pg/mL in the control 
group (p < 0.05).

With regard to protein losses, patients with NS showed 
an hourly urinary loss of 398.8 ±  313.8  mg/m2 and a 
daily dialysate loss of 3.4 ± 1.9 g/m2 at the start of the 
study; in the control group, the parallel values were 29.9 
±  31.4  mg/m2 and 1.55 ±  1.13  g/m2 (p  < 0.05). Both 
groups showed the same statistical differences 6 months 
later (Table 2, Figures 1 and 2).

At the start of the protocol, total and residual Kt/V 
were 3.4 ± 0.8 and 1.8 ± 0.9 in the NS group, and 4.1 
± 2.1 and 2.4 ± 1.2 in the control group. Values at the 
end of the study were 2.4 ± 0.2 and 0.6 ± 0.3 in the NS 
group, and 3.1 ± 0.7 and 1.4 ± 1.1 in the control group 
(p = nonsignificant).

With the aim of examining the effects of peritoneal 
permeability and dialysate dextrose concentration on 
peritoneal protein losses, PET and mean dextrose concen-
tration were compared. At dialysis start and at 6 months, 
the 4-hour dialysate-to-plasma (D/P) creatinine was, 
respectively, 0.62 and 0.59 (low average) for the NS group 
and 0.59 and 0.54 (low average) for the control group; 
the end-to-initial dialysate (D/D0) glucose was, respec-
tively, 0.39 and 0.35 (low average) for the NS group, and 
0.43 and 0.48 (low average/low) for the control group 
(p = nonsignificant, Table 2). Nonsignificant differences 
in the mean dialysate dextrose concentration and in the 
daily exchange volumes were found between the groups 
(Table 2). The number of peritonitis episodes during the 
observation period, divided by the total months, then 
divided by 12, showed a peritonitis index of 1.12 ± 0.34 
in the NS group compared with 1.34 ± 0.46 in the control 
group (p = nonsignificant).

DISCUSSION

In children, NS is the most common chronic glomerular 
disease, being the primary cause in 95% of patients (20). 
The pathogenesis is unclear, but there is evidence of a 
dysregulation involving cell-mediated immunity. Some 
authors have proposed that a systemic circulating factor 
could be involved in the pathogenesis of NS, resulting 
in increased glomerular permeability. A favorable re-
sponse to immunosuppressive medications and a lack of 
inflammatory changes in the renal parenchyma suggest 
an extrarenal factor as the causative agent for protei-
nuria (21). Focal segmental glomerulosclerosis could 
be considered a typical disorder in which the circulating 
permeability factor ought to be operative. After kidney 
transplantation, as many as 40% of patients with FSGS 
develop recurrence of their original disease (22). Some 

TABLE 1 
Clinical Characteristics of Patients with Nephrotic 

Syndrome (NS) and of Control Patients

	 Age at	 Time
	 Patient	 PD start		  Weight	 BSA	 on PD
	 ID	 Group	 (years)	 Sex	 (kg)	 (m2)	 (months)

	 1	 NS	 12.4	 Female	 48.4	 1.5	 14
		  Control	 11.7	 Male	 38.5	 1.3	 17
	 2	 NS	 12.5	 Male	 36.6	 1.2	 6
		  Control	 13.4	 Female	 46.5	 1.4	 6
	 3	 NS	 7.6	 Female	 22.7	 0.9	 12
		  Control	 8.7	 Male	 25.2	 0.9	 7
	 4	 NS	 1.9	 Female	 8.6	 0.4	 6
		  Control	 1.6	 Female	 8.5	 0.3	 7
	 5	 NS	 1.5	 Male	 8.2	 0.3	 8
		  Control	 1.7	 Male	 7.5	 0.4	 6
	 6	 NS	 4.6	 Female	 14.1	 0.6	 10
		  Control	 6.8	 Female	 18.5	 0.7	 19
	 7	 NS	 9.8	 Male	 31	 1.1	 8
		  Control	 8.3	 Male	 27	 0.98	 6
	 8	 NS	 11.1	 Female	 35	 1.2	 8
		  Control	 4	 Female	 14.5	 0.6	 7
	 9	 NS	 4.4	 Female	 15.1	 0.6	 11
		  Control	 2.6	 Male	 11.7	 0.5	 8
	 10	 NS	 7.2	 Male	 22.3	 0.8	 13.5
		  Control	 14.1	 Male	 34.4	 1.2	 23
	Mean	 NS	 7.3a	 —	 24.2a	 0.8a	 9.6a

		  Control	 7.2a	 —	 23.2a	 0.87a	 10.5a

	 SD	 NS	 4.1	 —	 13.3	 0.4	 2.9
		  Control	 4.7	 —	 13.4	 0.4	 6.5

PD  = peritoneal dialysis; BSA  = body surface area; SD  =  
standard deviation.
a	p = nonsignificant.
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increase glomerular permeability during in vivo experi-
ments (22). In nephrotic patients with MCD, lymphocyte-
derived vascular permeability factors have also been 
identified. The production of those factors is apparently 
stimulated by the cytokines interleukin 2, 12, and 15, and 
inhibited by cyclosporine and steroids (23). However, 
the specificity of these factors is poor, and their ability 
to reproduce increased glomerular permeability in vivo is 
not convincing. Heparanase is postulated to increase the 
permeability of glomerular capillary wall by degrading 
heparan sulphate glycosaminoglycans. The degradation 
of these anionic glycans has long been hypothesized to be 

authors have shown that pre-transplantation levels of 
the permeability factor are predictive of FSGS recur-
rence in the graft, although this finding has not been 
consistent (9). Several vascular permeability factors 
have been implicated in nephrotic proteinuria, including 
vascular growth factors, heparanase, and hemopexin. 
Vascular endothelial growth factor (VEGF) is a potent 
permeability factor produced in vivo by normal glom-
erular podocytes, and receptors for VEGF are located on 
glomerular endothelial and mesangial cells. However, 
serum and urinary levels of VEGF in nephrotic patients are 
not different in remission or relapse, and VEGF does not 

TABLE 2 
Dialysis Characteristics of Patients with Nephrotic Syndrome (NS) and of Control Patients

	 First evaluationa	 p	 Final evaluationa	 p
		  Characteristic	 NS group	 Control group	 Value	 NS group	 Control group	 Value

Kt/V						    
	 Residual	 1.8±0.9	 2.4±1.2	 NS	 0.6±0.3	 1.4±1.1	 <0.05
	 Peritoneal	 1.6±0.4	 1.7±0.8	 NS	 1.9±0.3	 1.7±0.9	 NS
	 Total	 3.4±0.8	 4.1±2.1	 NS	 2.4±0.2	 3.1±0.7	 NS
Protein						    
	 Daily intake (g/kg)	 3.5±1.4	 3.04±0.9	 NS	 3.35±1.1	 3.1±0.8	 NS
	 Mean nPNA	 1.502	 0.902				    <0.05
	 In 24-h urine (mg/m2/h)	 398.8±313.8	 29.9±31.4	 <0.05	 294±348.7	 2.1±2.5	 <0.05
	 In 24-h effluent (g/m2/d)	 3.4±1.9	 1.55±1.13	 <0.05	 4.8±4.4	 1.8±1.3	 <0.05
Daily exchange volume (L)	 4.4±2.3	 3.6±3.9	 NS	 7.6±2.6	 5.7±4.6	 NS
4-h D/P creatinine	 0.62±0.12	 0.59±0.15	 NS	 0.59±0.19	 0.54±0.2	 NS
4-h D/D0 glucose	 0.39±0.12	 0.43±0.10	 NS	 0.35±0.15	 0.48±0.1	 NS
Dialysate dextrose (%)	 2.1±0.8	 1.7±0.4	 NS	 2.3±0.7	 1.8±0.4	 NS

nPNA = normalized protein equivalent of nitrogen appearance; NS = nonsignificant; D/P = dialysate-to-plasma ratio; D/D0 = end-
to-initial dialysate ratio.
a	All values expressed as mean ± standard deviation.

TABLE 3 
Biochemical Data for Patients with Nephrotic Syndrome (NS) and for Control Patients

		  First evaluationa	 p	 Final evaluationa	 p
	 Characteristic 	 NS group	 Control group	 Value	 NS group	 Control group	 Value

Creatinine (mg/dL)	 3.19±1.77	 4.64±3.21	 NS	 6.76±2.09	 4.88±3.01	 NS
BUN (mg/dL)	 42.1±18.4	 42.1±21.9	 NS	 54.1±13.6	 47±15.7	 NS
Bicarbonate (mg/dL)	 22.5±3.1	 24.2±5.0	 NS	 24.4±4.7	 23.1±3.1	 NS
Hemoglobin (g/dL)	 9.2±1.2	 10.6±2.2	 NS	 10.4±1.5	 11.7±2.2	 NS
Calcium (mg/dL)	 8.9±1.3	 8.9±2.8	 NS	 9.2±2.3	 9.5±0.9	 NS
Phosphorus (mg/dL)	 5.2±1.4	 5.5±1.6	 NS	 5.3±1.2	 5.6±1.4	 NS
ALP (U/L)	 294.3±146.2	 428±263.4	 NS	 323±182.7	 474±219	 NS
PTH (pg/mL)	 227±198	 360±324	 NS	 164±144	 503±454	 <0.05
Serum albumin (g/dL)	 2.27±0.63	 3.62±1.45	 <0.05	 2.8±0.5	 3.9±0.86	 <0.05

BUN = blood urea nitrogen; ALP = alkaline phosphatase; PTH = parathyroid hormone.
a	All values expressed as mean ± standard deviation.
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a cause of increased glomerular permeability to proteins 
(21), but the exact role of heparanase as a permeability 
factor is still unclear, and no conclusions can be drawn at 
present. Currently, the best-characterized permeability 
factor in steroid-sensitive NS patients is hemopexin, a 
100-kD heme-binding acute-phase reactant. Hemopexin 
has been shown to reduce the density of anionic sites in 
the lamina rara interna of glomeruli, and serum levels of 
hemopexin increase during relapse in steroid-sensitive 
NS (23).

Sharma, working with various colleagues (7–10), 
identified a 30-kD to 50-kD glycoprotein permeability 
factor in FSGS nephrotic patients. This permeability factor 
is weakly anionic, heat-labile, and sensitive to protease 
(8). In rats, it is capable of inducing proteinuria, which 
can, in vitro, be inhibited by cyclosporine and cyclooxy-
genase inhibitors. Proteinuria recurs after initial renal 
transplantation in approximately 30% of patients whose 
underlying diagnosis is FSGS. It has been shown that the 
pre-transplant activity levels of this permeability factor 
could be predictive of recurrence of FSGS in the renal 
allograft. In a recent study, McCarthy et al. proposed 
that CLCF1 could be an active factor in the recurrence 
of FSGS (11,24). It has been observed that this cytokine 
mimics the effect of FSGS plasma on glomerular albumin 
permeability and that it lowers nephrin expression in 
the glomeruli and cultured podocytes. Authors have also 
reported that a monoclonal antibody to CLCF1 blocks the 
glomerular albumin-loss effect of active FSGS sera, and 
it has been reported that CLCF1 levels in the circulation 
of patients with recurrent FSGS may be up to 100 times 
that seen in normal subjects (24).

Based on the hypothesized systemic effect of a 
circulating factor affecting protein permeability in 
non-glomerular membranes, Kopanati et al. performed 
a retrospective study to evaluate the protein perme-
ability of the peritoneal membrane in patients with 
NS on PD. They found that peritoneal protein losses 

in steroid-resistant NS were more than twice those in 
patients without NS. The permeability ratio of the peri-
toneal membrane to macromolecules was higher in NS 
than in non-NS patients, a finding consistent with the 
systemic effect of a “circulating factor” (13).

In our study, NS and non-NS PD patients showed some 
significant differences. So as to avoid the impact of time 
on the peritoneal membrane, data were obtained from 
the first 6 months on dialysis, regardless of how long 
patients or controls had been on PD treatment. The main 
differences between the children observed by Kopanati 
and colleagues and those observed by our group were age 
(14.7 ± 1 years vs 7.3 – 4.1 years respectively) and eth-
nicity; however, the results were similar in both studies. 
As expected, plasma albumin was lower and cholesterol 
levels were higher (data not shown) in patients with NS, 
and urinary and peritoneal protein losses were higher 
in NS patients than in control patients, with the differ-
ence between the groups being significant. Peritoneal 
protein losses were standardized as 24-hour losses per 
square meter of body surface area to adjust for the 
different ages, heights, and weights of the patients. A 
daily mean final value of 4.8 ± 4.4 g/m2 in NS patients 
compared with 1.8 ± 1.3 g/m2 in non-NS patients was 
found, which is similar to the results reported by Ko-
panati et al., who found that daily peritoneal protein 
losses in steroid-resistant NS patients were more than 
twice those in non-NS patients: 9.6 ±  3.25  g/m2 and  
4.1 ± 0.367 g/m2 respectively.

Some variables that could potentially affect perito-
neal protein losses in PD patients were also evaluated: 
daily exchange volume, peritoneal and residual Kt/V, 
glucose concentration in dialysate, and PET param-
eters. The peritoneal Kt/V was not significantly differ-
ent between the groups (Table 2). The residual Kt/V at 
protocol start was also similar in both groups; however, 
at the end of the study, it was lower in patients with NS, 
possibly as a consequence of the higher ultrafiltration 

Figure 1 — Hourly urinary protein losses (milligrams per square 
meter). G1 = children with nephrotic syndrome; G2 = children 
with renal disease from other causes. * p < 0.05.

Figure 2 — Daily peritoneal protein losses (grams per square 
meter). G1 = children with nephrotic syndrome; G2 = children 
with renal disease from other causes. * p < 0.05.

This single copy is for your personal, non-commercial  use only. 
For permission to reprint multiple copies or to order presentation-ready  copies 

for distribution, contact Multimed Inc. at marketing@multi-med.com 



442

AZoCAR et al.	 july  2012 - Vol. 32, No. 4	 PDI

requirement in that group. Residual Kt/V decreased 
60% in NS and 40% in non-NS children during follow-
up (p = nonsignificant). Loss of residual renal function 
before study entrance could not be observed, because 
patient data were recorded from the 2nd month after 
PD start. Another plausible explanation could be a more 
rapid decline in residual renal function in children with 
glomerulopathies (the NS group) than in those with 
congenital renal hypoplasia and dysplasia (the non-
NS group), in which residual renal function decreases  
more slowly.

As shown in Table  2, PD parameters did not differ 
between the groups with respect to the number of cycles 
or hours, or the type of dialysis. Small differences in the 
dialysis prescription were noted between the groups 
in terms of dialysate exchange volume and dialysate 
dextrose concentration because, to minimize edema, 
patients with NS often have higher ultraf iltration 
requirements; however, neither difference reached 
statistical significance. The exchange volumes were 
990 ±  440  mL for patients with NS and 880 ±  440  mL 
for patients without NS, values calculated using a 
dialysis dose of 1100  mL/m2 as recommended. The 
dextrose concentration was also similar in both groups. 
Kopanati et al. founded higher exchange volumes 
in their patients, 1231 ±  80  mL and 1168 ±  44  mL 
respectively for the NS and non-NS groups, which 
accords with the greater age and body surface area  
in their patients.

In the present study, the 4-hour D/P creatinine and 
D/D0 glucose were also similar for both groups. With the 
exception of the low D/D0 glucose category in the control 
group at the end of the study, all patients fell into the 
low-average category for D/P creatinine and D/D0 glucose 
during the protocol.

A very interesting finding was the significant differ-
ence in mean nPNA between the groups, with a signifi-
cantly higher value being seen in children with NS. That 
difference may be a result of the difference in urinary 
and peritoneal protein losses, suggesting that nPNA 
may not accurately reflect the nutrition status of NS 
patients on PD.

CONCLUSIONS

Hispanic children with NS on automated PD had 
higher peritoneal protein losses than did their control 
counterparts. These peritoneal protein losses could be 
secondary to increased peritoneal permeability caused 
by a systemic permeability factor. More studies involving 
a greater number of patients are needed in the future to 
prove or disprove this hypothesis.
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