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♦  Background: Morphology changes of the peritoneal 
membrane after long-term peritoneal dialysis (PD) consist 
of denudation of peritoneal mesothelial cells, interstitial 
sclerosis, and hyalinizing vasculopathy. Those changes are 
considered to be the result of uremia and bioincompatible 
effects of conventional acidic lactate-buffered dialysate 
with glucose degradation products (GDPs). In the last 
decade, biocompatible dialysate with neutral pH and low 
GDPs has become widely used. Clinical practice has been 
modified in Japan, especially for anuric patients, and now 
includes the use of hybrid therapy. The impact on peritoneal 
morphology has not been well reported.
♦  Objective: The aim of the present study was to investigate 
the long-term effect on peritoneal morphology and function 
of biocompatible fluid use and current clinical practice in 
Japan, including hybrid dialysis therapy.
♦  Methods: We evaluated peritoneal biopsy specimens 
from patients who had undergone PD for more than  
3 years. We used the average peritoneal thickness (APT) 
of the submesothelial compact zone as a marker of inter-
stitial sclerosis and the lumen/vessel diameter ratio (L/V 
ratio) at postcapillary venules as a marker of hyalinizing 
vasculopathy. Demography and other data for the patients, 
including dialysate-to-plasma (D/P) ratio of creatinine, 
were obtained at baseline and every 6 months by peritoneal  
equilibration test.
♦  Results: Between 2002 and 2009, 110 patients started 
PD therapy with biocompatible dialysate at Tokyo University 
Hospital. Among them, 11 patients (8 men, 3 women; age: 
54.2 ± 11.8 years; 1 with diabetes mellitus) were enrolled 
into this morphology study. The mean duration of PD in 
this group was 61 ±  11.3 months, and the mean time to 
peritoneal biopsy was 58 ± 15.1 months. The median APT 
was 180 μm (96 – 1424 μm), and the median L/V ratio was 
0.66 (0.46 – 0.74). No obvious correlations between APT, 

L/V ratio, and PD duration were detected. The D/P creatinine 
of the 11 patients was maintained at a favorably low value, 
comparable with that of the other 99 patients.
♦  Conclusions: Peritoneal dialysis therapy using biocom-
patible dialysate in conjunction with modification of clinical 
practice may minimize the progression of peritoneal inter-
stitial sclerosis and hyalinizing vasculopathy, preserving 
favorable peritoneal function for more than 3 years.
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Loss of peritoneal function is a major factor leading to 
failure of peritoneal dialysis (PD) treatment (1–3). 

Although the precise biologic mechanisms responsible 
for these changes have not been confirmed, it is widely 
assumed that alteration in peritoneal function is related 
to structural changes in the peritoneal membrane.

In 2002, Williams et al. (4) reported on the morphol-
ogy changes of the peritoneal membrane in patients 
on PD. Those authors found that the thickness of the 
submesothelial compact zone increased with the dura-
tion of PD therapy. They also evaluated vasculopathy 
in the PD patients, using a semiquantitative grading 
system to assess the thickness of the subendothelial 
hyaline material and luminal distortion, narrowing, and 
obliteration. Thereafter, Honda et al. (5) reported that 
the “average peritoneal thickness” (APT) at 5 randomly 
selected points in the peritoneum and the “lumen/vessel 
diameter ratio” (L/V ratio) at the postcapillary venule 
(PCV) are useful parameters to quantify the severity  
of vasculopathy.

The cause of these changes, called peritoneal sclero-
sis, has been considered to be mainly the effect on the 
peritoneal membrane of bioincompatible conventional 
dialysate, with its high osmolarity, low pH, high glucose 
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concentrations, glucose degradation products (GDPs), 
and advanced glycation end-products (AGEs), acting 
through various biologic mechanisms, including de-
generative damage to tissue components and abnormal 
biologic responses (6). Accumulating evidence suggests 
that long-term exposure to bioincompatible dialysate 
components, together with repeated episodes of bacte-
rial peritonitis, plays a major role in long-term changes 
in peritoneal function (2,7–9).

Since the year 2000, use of biocompatible dialysate 
has become widespread around the world, and some stud-
ies have demonstrated favorable effects of biocompatible 
dialysate on survival and residual renal function in PD 
patients (10,11). In addition, non-negligible progress 
has also occurred in the policy of PD therapy in Japan, 
including hybrid therapy combining PD with hemodialysis 
(HD) (12,13).

However, the impact on peritoneal sclerosis resulting 
form these changes is still unclear. We conducted the 
present retrospective study using a quantitative method 
of measuring the thickness of the submesothelial com-
pact zone and L/V ratio at PCVs to evaluate morphology 
changes in the peritoneal membrane of patients who 
had undergone long-term PD therapy with biocompat-
ible fluid.

METHODS

PATIENTS

Between 2002 and 2009, 110 patients started PD with 
biocompatible dialysate at Tokyo University Hospital. 
Peritoneal biopsy specimens were obtained from 11 of 
these Japanese patients who continued to receive PD 
with biocompatible dialysate over a period of at least 
3 years. All patients were treated with lactate-buffered 
(40 mEq/L), neutral-pH (6.3 – 7.3), low-GDP dialysate 
containing either 1.35% or 2.5% glucose (Midperiq L135 
or L250: Terumo, Tokyo, Japan), using twin-bag technol-
ogy. The biopsies were performed as part of normal clini-
cal patient care at the time of removal of the PD catheter 
for PD-related problems (for example, inadequate fluid 
management, catheter malposition), at the time of PD 
catheter reinsertion after complete recovery from PD-
associated peritonitis, or at the time of removal of the PD 
catheter because of the patient’s intention to switch to 
HD or undergo transplantation. The characteristics and 
clinical courses of these 11 patients—including cause 
of renal failure, duration of PD, episodes of peritonitis, 
time from the start of PD to hybrid therapy, time from 
the start of PD to peritoneal biopsy, reason for perito-
neal biopsy, reason for discontinuing PD, and presence 

of diabetes mellitus—were obtained from their records. 
Net ultrafiltration, peritoneal and renal weekly Kt/V 
urea, and dialysate-to-plasma (D/P) ratio of creatinine 
(obtained in peritoneal equilibration tests, which were 
performed every 6 months) were identified from clinical 
records. Approval for the study was obtained from the 
local ethics committees, and all patients gave written 
informed consent.

PROCESSING OF BIOPSY SAMPLES

Samples of parietal peritoneum were biopsied in the 
usual manner. Briefly, the peritoneal tissue sample (ap-
proximately 1 cm in size and up to 5 mm in depth) was 
excised by scalpel at least several centimeters from the 
incisional wound. The tissue sample was immediately 
fixed in 20% buffered formalin. After overnight fixa-
tion at room temperature, the samples were routinely 
processed for microscopy and embedded in paraffin. 
Sections of 4-μm were cut and stained with periodic 
acid–Schiff, azan, and elastica–van Gieson.

SAMPLE ANALYSIS METHODS

The biopsy samples were assessed by microscopy using 
the standardized method described in the subsections 
that follow. Two experienced examiners—that is, one 
pathologist (YT) and one nephrologist (NA), who were 
unaware of the clinical backgrounds of the patients—
evaluated the samples independently.

Adequacy of Specimens for Histologic Evaluation:  The 
adequacy of a specimen for histologic evaluation of 
peritoneal thickness and vasculopathy was determined 
independently. For evaluation of peritoneal thickness, 
each specimen was assessed in terms of size, site, and di-
rection of the specimen and classified as being adequate 
or inadequate. An adequate specimen had sufficient 
sample size and contained several layers of peritoneum 
(mesothelial, submesothelial, and adipose tissue lay-
ers). The direction of embedding was almost vertical, so 
that the thickness of the submesothelial layer could be 
measured properly. For evaluation of vasculopathy, an 
adequate specimen must contain a PCV with an external 
diameter of 25 – 50 μm.

Evaluation of Peritoneal Fibrosis:  The extent of 
peritoneal fibrosis was determined by the thickness of 
the submesothelial interstitial layer (submesothelial 
compact zone) between the basal border of the surface 
mesothelial cells and the upper border of the peritoneal 
adipose tissue. The thickness of the mesothelial cell 
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layer, when present on the peritoneal surface, was ex-
cluded from the measurement. When the submesothelial 
interstitium was continuous with the underlying dense 
connective tissue (abdominal fascia) without peritoneal 
adipose tissue, the peritoneal thickness could not be 
measured. Five portions were randomly selected for 
measurement of submesothelial thickness [Figure 1(A)]. 
The thickness was measured using a micrometer on the 
microscope lens or an image analyzer. The APT was then 
calculated. Areas where the peritoneum looked severely 
fibrotic as a result of tangential embedding or miscella-
neous inflammatory reactions were excluded from mea-
surement. The mean value of the 2 APTs determined by 
the 2 examiners was taken as the representative APT for  
each patient.

Evaluation of Vasculopathy:  The extent of vascul-
opathy was determined by the presence of hyalinosis, 
thickness of the vascular wall, and severity of luminal 
narrowing at the level of the PCV. For evaluation of the 
severity of luminal narrowing, vascular wall thickness 
(VWT) was measured, and the L/V ratio (luminal diameter 
to vessel external diameter), which represents the pat-
ency of the blood vessel, was determined [Figure 1(B)]. 
In general, hyalinizing vasculopathy is usually observed 
at the PCV or capillary level in PD patients; we therefore 
selected for morphologic measurements a PCV whose 
diameter ranged from 25 μm to 50 μm, because the 
L/V ratio is influenced by the level of the blood vessel 
examined. The measurement was taken along the short 
axis to avoid the artificial effect of elongated distance 
as a result of tangential cutting of the vessel during 
histology preparation. When the severity of vasculopathy 
varied from vessel to vessel, the most severely affected 
vessel in each specimen was chosen for measurement. 
The average of 2 VWTs and 2 L/V ratios measured by 2 
examiners was taken as the representative values for  
the patient.

POLICY OF TREATMENT

We believe that adequate PD consists of

•		 sufficient total small-solute clearance, for a minimum 
Kt/V of 1.7;

•		 strict fluid control;
•		 control of phosphate and calcium levels;
•		 good nutrition; and
•		 an absence of inflammation and anemia.

Fluid, phosphate, and calcium control and good 
nutrition are achieved with patient education. When 
malnutrition, inflammation, anemia, or fluid retention 

is suspected, we increased the dose of PD or switched 
the patient to hybrid therapy (a combination of PD 5 or 
6 days each week and HD once each week), now a com-
mon clinical practice in Japan (12,13), especially for 
oliguric or anuric patients. We recommend that patients 
switch to HD when their D/P creatinine continuously ex-
ceeds 0.7, when their peritoneal mesothelial cells show 
hypertrophy or severe atypia, or when their compli-
ance with prescribed treatment become severely poor  
and uncorrectable.

STATISTICAL ANALYSIS

Normally distributed variables are expressed as 
mean ±  standard deviation, and non-normally distrib- 
uted variables are expressed as median and range.  

Figure 1 — Evaluation methods for peritoneal sclerosis. (A) Av-
erage peritoneal thickness (APT) by the 5-point measurement 
method. Peritoneal thickness is measured at 5 randomly se-
lected points, and the APT is then calculated. In this peritoneal 
dialysis patient (number 10), peritoneal thicknesses ranged 
from 155 μm to 259 μm. The APT was calculated to be 198.6 μm. 
The average of 2 APT values determined by 2 examiners was 
taken as the representative APT for this patient. (B) Quantita-
tive evaluation of vasculopathy at a postcapillary venule (PCV). 
Severity of luminal narrowing was determined using the ratio 
of luminal diameter to vessel diameter (L/V), representing the 
patency of the blood vessel. A PCV whose diameter was in the 
range 25 – 50 μm was selected for measurement. The short 
axis was measured, with the most severely affected vessel be-
ing chosen for the measurement. The average of 2 L/V values 
determined by 2 examiners was taken as the representative 
L/V. In this peritoneal dialysis patient (number 8), the luminal 
and vessel diameters were 21.5 μm and 34.8 μm respectively. 
Thus, the final L/V ratio was 0.62.
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RESULTS

CHARACTERISTICS AND CLINICAL COURSES

Tables 1 and 2 show the characteristics and clinical 
courses of the 11 study subjects. The D/P creatinine of 

We performed one-way repeated-measures analysis of 
variance (ANOVA) with a post hoc Tukey–Kramer HSD 
(“honestly significant difference”) test in analyses of 
a single parameter measured under different condi-
tions in the same subjects. A value of p  < 0.05 was  
considered significant.

TABLE 1 
Baseline Dataa for the Study Patients

	 First PET
	 Pt	 Age	 Diabetes	 Kt/V
	 ID	 Sex	 (years)	 mellitus	 D/P Cr	 Peritoneal	 Renal	 Total

	 1	 Male	 50	 No	 0.59	 1.12	 1.32	 2.44
	 2	 Male	 68	 No	 0.57	 1.08	 1.78	 2.86
	 3	 Female	 35	 No	 0.53	 1.57	 2.06	 3.63
	 4	 Male	 51	 No	 0.69	 1.78	 1.79	 3.57
	 5	 Male	 52	 No	 0.62	 1.07	 1.20	 2.28
	 6	 Female	 77	 No	 0.76	 0.89	 0.00	 0.89
	 7	 Male	 58	 No	 0.54	 1.63	 1.63	 3.26
	 8	 Male	 36	 Yes	 0.54	 0.54	 2.69	 3.23
	 9	 Male	 63	 No	 0.62	 0.81	 1.93	 2.74
	 10	 Male	 54	 No	 0.57	 1.02	 1.27	 2.29
	 11	 Female	 52	 No	 0.38	 0.85	 1.25	 2.10
	Mean		  54.2		  0.58	 1.12	 1.54	 2.66
	 SD		  ±11.8		  ±0.09	 ±0.37	 ±0.64	 ±0.75

Pt  = patient; PET  = peritoneal equilibration test; D/P Cr  = dialysate-to-plasma ratio of creatinine; Kt/V  = urea clearance;  
SD = standard deviation.
a	Clinical data were obtained at time of the first PET.

TABLE 2 
Clinical Course of the Patients

			   Time to					   
			   hybrid	 Total PD	 Status		  Time to	
	 Pt	 Hybrid	 therapy	 duration	 at last	 Peritonitis	 biopsy	
	 ID	 therapya	 (months)	 (months)	 follow-up	 (n)	 (months)	 Reason for peritoneal biopsy

	 1	 Yes	 9	 61	 Hybrid PD	 4	 57	 Catheter malposition
	 2	 Yes	 33	 71	 HD	 2	 71	 Transfer to HD
	 3	 No		  49	 PD	 0	 44	 Catheter malposition
	 4	 No		  45	 HD	 1	 45	 Catheter removal (peritonitis)
	 5	 Yes	 30	 72	 Hybrid PD	 0	 46	 Catheter malposition
	 6	 Yes	 54	 61	 HD	 1	 61	 Transfer to HD
	 7	 Yes	 19	 58	 HD	 1	 58	 Transfer to HD
	 8	 Yes	 39	 44	 Hybrid PD	 2	 29	 Catheter reinsertion after peritonitis
	 9	 No		  60	 PD	 1	 74	 Catheter reinsertion after peritonitis
	 10	 Yes	 64	 64	 HD	 1	 64	 Catheter removal (tunnel infection)
	 11	 No		  83	 HD	 0	 84	 Transfer to HD
	Mean		  35.4	 61			   58	
	 SD		  ±17.6	 ±11.3			   ±15.1	

Pt = patient; PD = peritoneal dialysis; HD = hemodialysis; SD = standard deviation.
a	Peritoneal dialysis for 5 – 6 days and hemodialysis for 1 day weekly.
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these patients was maintained at a low value [Figure 2(A)] 
throughout their long-term PD therapy and was similar to 
the D/P creatinine of the other 99 patients [Figure 2(C)]. 
A plot of the change in D/P creatinine from baseline in 
the 11 patients was favorably flat [Figure 2(B)], as it also 
was in the other 99 patients [Figure 2(D)]. The one-way 
repeated-measures ANOVA and post hoc Tukey–Kramer 
HSD test revealed no significant time-course changes 
in each variable in each group.

PERITONEAL FIBROSIS AND VASCULOPATHY

The specimen obtained from patient  6 was not ad-
equate for the study because the direction of embedding 
was not vertical, and patient 6 was excluded from further 
evaluation. Table 3 shows the quantitative parameters of 
peritoneal fibrosis and vasculopathy in the specimens 
of the remaining 10 patients. For those 10 patients, the 
median APT was 180 μm (96  – 1424 μm); the median 
VWT, 5.8 μm (4.0 – 12.3 μm); and the median L/V ratio, 
0.66 (0.46 – 0.74). The APT remained thin and the L/V 
ratio was maintained at a low level for more than 3 years. 
These values seemed not to correlate with PD duration, 

although we could not perform a statistical analysis 
because of the limited number of patients in the study 
cohort. Only in patient 7, who remained noncompliant, 
with poor fluid management (using only 2.5% glucose 
dialysate), was the peritoneal membrane consider-
ably thickened (APT: 1424 μm), standing out from the 
others. No patient showed evidence of encapsulating 
peritoneal sclerosis.

DISCUSSION

In the present study, we for the first time used quan-
titative methods to evaluate peritoneal fibrosis and 
vasculopathy and to describe the effect on peritoneal 
morphology of biocompatible dialysate and current clini-
cal practice in Japan.

It has been well-reported that, in biopsy samples ob-
tained from patients who undergo PD with conventional 
bioincompatible dialysate, the thickness of the perito-
neal compact zone progressively increases with the PD 
duration. Williams et al. (4) reported that the median 
thickness of the submesothelial compact collagenous 
zone in 130 patients undergoing PD with conventional 

Figure 2 — Time course of the dialysate-to-plasma ratio of creatinine (D/P creat). (A) The D/P creat and (B) the changes from 
baseline in D/P creat are shown for the 11 peritoneal dialysis (PD) patients who continued PD therapy using biocompatible dialysate 
for more than 3 years and underwent peritoneal biopsy in the present study. (C) The D/P creat and (B) the changes from baseline 
in D/P creat are shown for the 99 patients who started PD therapy using biocompatible dialysate at Tokyo University Hospital 
between 2002 and 2009. Values are mean ± standard error of the mean. One-way repeated-measures analysis of variance and 
post hoc Tukey–Kramer HSD (“honestly significant difference”) test found no significant time course changes in each variable in 
each group.
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bioincompatible dialysate fluid increased significantly 
with the duration of PD therapy: 180 μm in those who 
underwent PD for 0 – 24 months, 240 μm for 25 – 48 
months of PD, 300 μm for 49 – 72 months; 750 μm for 
73 – 96 months, and 700 μm for 97 months or more. A 
similar result was reported in a Japanese study of 80 
patients undergoing PD with conventional dialysate, 
in which the APT at 5 randomly selected points in the 
peritoneum was 166 μm in patients who had undergone 
PD for fewer than 4 years, 261 μm in patients who had 
undergone PD for 4 – 8 years, and 466 μm in patients who 
had undergone PD for more than 8 years (5). In our study, 
interstitial sclerosis did not progress during more than 3 
years, remaining mild as has been observed in the early 
years of PD, which seems meaningfully different from the 
results of the two studies already mentioned.

On the other hand, several studies reported that the 
peritoneal vasculopathy in biopsy samples obtained 
from patients who had undergone PD with conventional 
bioincompatible dialysate demonstrated significant 
progression with the duration of PD. Williams et al. (4) 
used a semiquantitative grading system to demonstrate 
that the prevalence of vasculopathy in the peritonea of 
PD patients increased significantly with PD duration. 
Honda et al. (5) reported observing an inverse correla-
tion between L/V ratio at PCV and PD duration. They also 
reported a significant correlation between the L/V ratio 
and the D/P creatinine, which confirms the idea that D/P 
creatinine might be a marker of peritoneal vasculopathy. 
In contrast to those reports, the peritoneal vasculopathy 

of the PD patients in the present study did not advance for 
more than 3 years, remaining favorably mild throughout 
their long-term PD therapy. Their D/P creatinine was also 
maintained at a favorably low level throughout their 
long-term PD treatment.

Accumulating evidence suggests that several factors 
contribute to peritoneal sclerosis in PD patients, includ-
ing uremia, peritonitis, the presence of the catheter, and 
instillation of the dialysate itself. Various components of 
dialysate—including buffer, low pH, glucose concentra-
tion, and GDPs generated during heat sterilization—can 
influence peritoneal sclerosis (14). In rat models, the 
presence of the catheter partly induces PD-related mor-
phology changes (15,16). Moreover, pressure is itself an 
inflammatory trigger. In rat models, Zareie et al. (16,17) 
showed that instillation of lactate buffer without glucose 
or GDPs resulted in increased cell influx, mesothelial 
regeneration, angiogenesis, and an increased number 
of milky spots, although fibrosis was not significantly 
enhanced. The addition of glucose to the buffer enhances 
angiogenesis and mesothelial regeneration and induces 
fibrosis and cell influx (16–18).

The presence of GDPs further enhances all of the 
foregoing peritoneal changes except for cell influx and 
mesothelial regeneration (16,17,19–21). In addition to 
GDPs, AGEs formed when glucose is heated are considered 
to contribute to the toxicity of peritoneal dialysate (22). 
The GDPs and AGEs may damage peritoneal cells and pro-
teins through various mechanisms (22–28), leading to 
peritoneal damage. It has become increasingly clear that, 

TABLE 3 
Degree of Peritoneal Sclerosis and Vasculopathy

	 PET closest to biopsy
	 Patient	 APT	 VWT	 L/V		  Kt/V
	 ID	 (μm)	 (μm)	 ratio	 D/P Cr	 Peritoneal	 Renal	 Total

	 1	 183	 4.0	 0.71	 0.66	 2.02	 0	 2.02
	 2	 96	 6.4	 0.69	 0.75	 1.59	 0	 1.59
	 3	 246	 6.3	 0.64	 0.63	 1.25	 0.69	 1.94
	 4	 124	 6.5	 0.50	 0.48	 0.68	 1.41	 2.09
	 5	 119	 5.4	 0.74	 0.41	 2.20	 0	 2.20
	 7	 1424	 5.0	 0.72	 0.57	 1.34	 0	 1.34
	 8	 333	 8.1	 0.46	 0.67	 1.83	 0.25	 2.08
	 9	 149	 12.3	 0.49	 0.75	 2.37	 0.17	 2.54
	 10	 176	 4.4	 0.68	 0.67	 2.50	 0	 2.50
	 11	 609	 4.2	 0.68	 0.50	 1.46	 0.31	 1.77
	Median or mean	 180	 5.8	 0.62	 0.61	 1.72	 0.085	 2.01
	 Range or SD	 (96–1424)	 (4.0–12.3)	 ±0.10	 ±0.12	 ±0.57	 (0–1.41)	 ±0.37

APT = average peritoneal thickness; VWT = vascular wall thickness of peritoneal postcapillary venule; L/V ratio = ratio of luminal 
diameter to vessel external diameter of peritoneal postcapillary venule; PET = peritoneal equilibration test; D/P Cr = dialysate-
to-plasma ratio of creatinine; Kt/V = urea clearance; SD = standard deviation.
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in animal models of PD, the more-biocompatible perito-
neal dialysates (bicarbonate/lactate buffer, low GDPs) 
induce less damage and less impairment of ultrafiltration 
(16,19,29,30). In addition, supplementing peritoneal 
dialysate with aminoguanidine, which scavenges GDPs 
and prevents AGE formation, results in less mesothelial 
denudation (31), fibrosis, and angiogenesis in omentum 
and parietal peritoneum (32).

A retrospective study suggested that the use of bio-
compatible solutions conferred a survival advantage 
among PD patients (33). Additionally, a crossover study 
(10) and a prospective randomized clinical trial (11) 
demonstrated the beneficial effects of biocompatible 
dialysate on residual renal function. However, the ob-
servation periods in those latter studies tended to be 
limited (<3 years), and no study has ever succeeded 
in demonstrating a benefit of biocompatible dialysate 
for peritoneal function. A prospective study by Fan et 
al. failed to detect a beneficial effect on residual renal 
function (34). In addition, the prevention of morphology 
change in the peritonea of PD patients with the use of 
biocompatible fluid has never been reported, especially 
with long-term use. The minimal changes in peritoneal 
morphology observed in patients in the present study 
might have resulted from the favorable effect of biocom-
patible dialysate and therefore might be additional in vivo 
evidence supporting the findings already mentioned. 
However, we cannot simply compare the favorable out-
comes in the present study with those in the studies using 
conventional bioincompatible dialysate fluid, because in 
this decade, significant progress has also been made in 
the policy on managing dialysis modality (35), including 
hybrid therapy in Japan (12,13). These advances might 
partially contribute to the minimized peritoneal sclerosis 
seen in the present study.

The question of whether the use of biocompatible 
dialysate with neutral pH and low GDP concentrations 
preserves peritoneal solute transport and ultrafiltration 
remains controversial. Using assessment of unrestricted 
pore area over unit diffusion path length [“area param-
eter” (for small-solute transport: A0/Dx)], Rippe et 
al. (36,37) demonstrated no significant differences in 
peritoneal transport characteristics between patients 
treated with conventional peritoneal dialysates and 
those treated with low-GDP dialysates. Choi et al. (38) 
also found no statistically significant differences in D/P 
creatinine or in the change of D/P creatinine between 
patients treated with conventional dialysates and those 
treated with biocompatible dialysates with neutral pH 
and a very low concentration of GDPs. However, the 
Euro-Balance trial group reported that D/P creatinine 
was higher in patients treated with low-GDP PD solution 

(10). In the present study, D/P creatinine and its change 
from baseline were maintained at relatively low levels 
throughout the observation period, a result superior to 
that in longitudinal observations of PD with conventional 
dialysates (39).

The present study has some limitations. First, because 
of the lack of a control group using conventional bio-
incompatible dialysate or a group observed before the 
widespread introduction of hybrid therapy with added 
HD, we could not draw a definitive conclusion on the 
superiority of neutral-pH, low-GDP glucose solutions 
or the impact of hybrid HD therapy on peritoneal mor-
phology. Second, the sample size was relatively small. 
We could not perform correlation analyses for APT, L/V 
ratio, PD duration, and D/P creatinine. The failure to 
detect an obvious correlation between APT and L/V ratio, 
which was reported in earlier studies (5), might also be 
explained by the limited number of patients. Further 
long-term and larger-scale studies are needed. However, 
values of D/P creatinine and its change from baseline 
in the 11 patients included in the present study were 
similar to those of the other 99 patients who received PD 
therapy with biocompatible dialysate at our institution. 
Considering that D/P creatinine is a marker of peritoneal 
vasculopathy, we believe that the morphology changes 
in the 11 study patients might represent the long-term 
effect on the peritoneum in all patients of biocompat-
ible dialysate use and current clinical practice in Japan, 
including hybrid therapy.

CONCLUSIONS

Morphology changes in the peritoneal membrane were 
minimal, and small-solute transport was kept at favor-
ably low values in patients who underwent long-term 
PD with biocompatible fluid under contemporaneous 
Japanese clinical management polices, including hybrid 
dialysis therapy.
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