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THE INFLUENCE OF INITIAL PERITONEAL TRANSPORT CHARACTERISTICS, 
INFLAMMATION, AND HIGH GLUCOSE EXPOSURE ON PROGNOSIS FOR  

PERITONEAL MEMBRANE FUNCTION

M. José Fernández–Reyes,1 M. Auxiliadora Bajo, Gloria Del Peso, Marta Ossorio, Raquel Díaz,  
Beatriz Carretero, and Rafael Selgas
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♦ Background: Fast transport status, acquired with time 
on peritoneal dialysis (PD), is a pathology induced by 
peritoneal exposure to bioincompatible solutions. Fast 
transport has important clinical consequences and should 
be prevented.
♦ Objective: We analyzed the repercussions of initial peri-
toneal transport characteristics on the prognosis for peri-
toneal membrane function, and also whether the influence 
of peritonitis and high exposure to glucose are different 
according to the initial peritoneal transport characteristics 
or the moment when such events occur.
♦ Methods: The study included 275 peritoneal dialysis 
patients with at least 2 peritoneal function studies (at base-
line and 1 year). Peritoneal kinetic studies were performed 
at baseline and annually. Those studies consist of a 4-hour 
dwell with glucose (1.5% during 1981 – 1990, and 2.27% 
during 1991 – 2002) to calculate the peritoneal mass trans-
fer coefficients of urea and creatinine (milliliters per min-
ute) using a previously described mathematical model.
♦ Results: Membrane prognosis and technique survival 
were independent of baseline transport characteristics. Fast 
transport and ultrafiltration (UF) failure are reversible con-
ditions, provided that peritonitis and high glucose exposure 
are avoided during the early dialysis period. The first year on 
PD is a main determining factor for the membrane’s future, 
and the mass transfer coefficient of creatinine at year 1 is the 
best functional predictor of future PD history. After 5 years on 
dialysis, permeability frequently increases, and UF decreases. 
Icodextrin is associated with peritoneal protection.
♦ Conclusions: Peritoneal membrane prognosis is inde-
pendent of baseline transport characteristics. Intrinsic 
fast transport and low UF are reversible conditions when 
peritonitis and high glucose exposure are avoided during the 
early dialysis period. Icodextrin helps in glucose avoidance 
and is associated with peritoneal protection.
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As a kidney substitutive treatment, peritoneal dialysis 
(PD) has been shown to achieve results similar to 

those achieved with hemodialysis (HD) in the medium 
term (1–4). However, the ability to use a living tissue 
for dialysis is determined by intrinsic membrane differ-
ences, including structural characteristics and reactions 
to inflammation and to exposure to bioincompatible 
fluids. In fact, during the era of bioincompatible solu-
tions, 20% – 30% of patients experienced an increase in 
peritoneal permeability to small solutes, accompanied 
by a decrease in ultrafiltration (UF) capacity, after 3 – 4 
years on PD (5–9). This phenomenon, called “acquired 
fast transport” (FT), has been attributed to various fac-
tors, mainly peritoneal inflammation (5) and solutions 
with an acidic pH or a high glucose concentration (8–10). 
It is also associated with dialysis-induced anatomic 
changes such as epithelial-to-mesenchymal transition of 
mesothelial cells (11), submesothelial fibrosis, and an-
giogenesis (12). However, most of the basal or acquired 
variability in peritoneal transport remains unexplained, 
and genetic or intrinsic factors may play an important 
role (13).

Controversy surrounds the influence of intrinsic 
(demonstrable at PD initiation) conditions on patient 
and membrane survival. Earlier studies conducted 
by our group showed a large variability in peritoneal 
transport—both for water and small solutes—at PD start 
(14), with no effects on peritoneal or patient survival 
(15). Those findings contrast with data presented by 
other authors that show a relationship between faster 
initial transport and poorer survival (16). Also, our data 
and those of others have shown that initial FT values 
decline toward normal values over the first dialysis year 
(6,17,18); however, other authors have found a very early 
and persistent increase in peritoneal permeability (9). A 
recent review divided inherent membrane failure in two 
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types, one  associated with vasculopathy and endothelial 
dysfunction and related to comorbidity; and the other 
associated with a large peritoneal surface area. The 
prognosis is usually poor in the former case and good in 
the latter (19).

Our objectives in the present study were to analyze 
the repercussions of initial peritoneal transport char-
acteristics on the prognosis for peritoneal membrane 
function, and also whether the influence of peritonitis 
and high exposure to glucose are different according to 
the initial peritoneal transport characteristics or the 
moment when such events occur. A secondary aim was 
to discover whether clinical maneuvers such as use of 
automated PD (APD) and icodextrin prevent the develop-
ment of acquired FT.

METHODS

PATIENTS

Initially, the study encompassed 403 incident patients 
from the La Paz University Hospital PD program who were 
treated between 1980 and 2002. All had a peritoneal 
function study performed during the first 2 months on 
PD. Exclusion criteria were age under 18 or over 85 years; 
previous time on PD or kidney transplantation; and use 
of PD fluids low in glucose degradation products or 
containing bicarbonate or amino acids. Patients using 
an icodextrin bag daily either from the beginning or at 
any time were included. Table 1 shows the demographic, 
clinical, and baseline peritoneal characteristics of those 
403 patients.

Peritoneal kinetic studies were performed at base-
line and annually. The patients included in each  annual 

period from baseline to dialysis year 9 numbered 
403, 275, 170, 101, 67, 38, 27, 16, 12, and 9. Because 
the purpose of the present study was to investigate 
peritoneal function outcome, we analyzed the 275 
patients who had at least 2 peritoneal function stud-
ies (baseline and year 1). All results and analysis refer 
to that group, which was not demographically and 
clinically different from the entire group of patients  
(Table 1).

Peritonitis episodes, registered both as episodes and 
as number of days of peritoneal inflammation, were 
recorded for each dialysis year to evaluate any direct 
effects on the subsequent peritoneal kinetic study. To 
evaluate the effect of PD on peritoneal function in the 
absence of peritonitis, patients were studied until a first 
peritonitis episode.

To quantify the effect of peritoneal glucose load 
on peritoneal function, we calculated the percentage 
of bags with 2.27% and 3.86% glucose content. Use 
of 2.27% bags exceeding 75% or use of 3.86% bags 
exceeding 25% was considered to be high glucose 
exposure (HGE); this level of exposure was expressly 
selected in all our cases to exceed the more than 6% 
described by Davies as high exposure (9). To evaluate 
the direct effect of such exposure on a subsequent 
peritoneal kinetic study, data were recorded for each  
dialysis year.

From PD start, only 21 and 14 patients used icodextrin 
or APD respectively, but changes in PD modality [APD to 
or from continuous ambulatory PD (CAPD)] and use of 
icodextrin were recorded in subsequent dialysis years. 
At years 1, 2, 3, 4, and 5 respectively, patients using 
icodextrin numbered 41, 39, 18, 14, and 6, and those 
using APD numbered 47, 44, 20, 19, and 11.

TABLE 1 
Demographic, Clinical, and Baseline Peritoneal  Function Characteristicsa of the Study Patients

  Patient groups 
Variable Overall Included in follow-up study With 5 years on PD

Patients (n) 403 275 38
Mean age (years) 52.9±15.6 52.5±15.4 48.9±14.6
Sex (% men) 52.9 50.5 44.7
With diabetes (%) 25.8 23.2 26.4
Coming from HD [n (%)] 52 (12.9) 34 (12.4) 4(10.5)
MTC creatinine (mL/min) 10.6±5.0 10.7±5.3 10.8±5.9
MTC urea (mL/min) 23.3±7.5 23.2±7.9 23.4±7.4
Ultrafiltration capacity (mL/4 h) 881±351 899±397 930±400
MTC ratio (urea/creatinine) 2.5±1.0 2.4±0.9 2.5±1.1
Residual renal function (mL/min) 4.1±2.8 4±2.8 3.4±2.6

PD = peritoneal dialysis; HD = hemodialysis; MTC = mass transfer coefficient.
a No variable was significantly different between the groups.
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PERITONEAL FUNCTION STUDIES

Each peritoneal transport kinetic study consisted 
of a 4-hour glucose dwell (1.5%, 1981–1990; 2.27%, 
1991–2002), with 6 peritoneal effluent samples (at 0, 30, 
60, 120, 180, and 240 minutes) and 1 blood sample be-
ing taken for calculation of the peritoneal mass transfer 
coefficient (MTC) of urea and creatinine (Cr) in milliliters 
per minute using a previously described mathematical 
model (5). All studies were performed while the patients 
were stable on PD, not having experienced a peritonitis 
episode during at least the preceding 4 weeks.

Daily UF capacity was estimated by weighted nega-
tive balance between infused and drained bags under a 
standardized dialysis schedule: three 2-L exchanges with 
1.5% glucose, and one 2-L exchange with 4.25% glucose 
on the same day. For patients not using that schedule, we 
developed a nomogram for use by all members of the PD 
unit to calculate UF capacity under equivalent exchange 
conditions for dwell and glucose level; that methodology 
has already been described by our group (5).

STATISTICAL ANALYSIS

Using quartile distribution, the MTC Cr was divided 
into low [L (slow)] transporters (<7.2 mL/min; mean: 
5.5 ± 1.3 mL/min; n = 72); low-average (LA; 7.2 – 9.7 mL/
min; mean: 8.4 ± 0.7 mL/min; n = 66); high-average (HA; 
9.7 – 12.9 mL/min; mean: 11.3 ± 0.9 mL/min; n = 70), 
and high [H (fast)] transporters (>12.9 mL/min; mean: 
17.8 ± 5.3 mL/min; n = 67).

Values are expressed as percentages and means 
± standard deviations, or as medians and ranges when 
distribution is not normal. Percentages were compared 
using the chi-square test; means, the Student t-test 
for unpaired data; and medians, the Mann–Whitney 
test. To analyze the simultaneous effect of several 
variables on UF failure, a Cox proportional hazards 
analysis was applied. A value of p < 0.05 was considered  
statistically significant.

Because of the progressive introduction of APD (start-
ing in 1995) and icodextrin (starting in 1998) at our facil-
ity, and a change in the glucose level of the PD fluid used 
for peritoneal kinetic studies (to 2.27% from 1.36%), an 
analysis by dialysis vintage was performed.

Comparisons between groups were conducted by fit-
ting a linear regression to the repeated measures in each 
group and by comparing the slopes of the corresponding 
regression lines (post-hoc Bonferroni test). To study the 
variable outcomes, a mixed-model analysis that allows 
for the evaluation of co-variables (the appearance of 
peritonitis, changes in intraperitoneal glucose load, 

and use of icodextrin during the interval) was applied. 
The linear mixed-model analysis, with its unstructured 
covariance matrix for quantitative variables (UF and 
creatinine transport parameters) in the framework of 
generalized mixed-models, allowed for the study of the 
complete outcome of each variable over time. The results 
should be interpreted as follows:

•		 “Significant	group”	means	that	having	or	not		having	
peritonitis is different, but that the variation over 
time is not signif icantly dif ferent (parallelism  
is maintained).

•		 “Significant	time”	means	that	time	affects	both	groups	
similarly.

•		 “Significant	model”	means	that	the	group–time	inter-
action is p < 0.01.

For the statistical analysis, we used the SPSS software 
program (version 15: SPSS, Chicago, IL, USA).

RESULTS

The median follow-up time for the complete series was 
30 months (range: 12 – 193 months). During follow-up, 
16 patients were transferred to hemodialysis because 
of UF failure. Comparing those patients with the rest of 
the cohort, we found a significant difference in median 
follow-up [48 months (range: 16 – 127 months) vs 30 
months (range: 12 – 193 months), p < 0.05] and me-
dian accumulated days of active peritonitis [9.5 months 
(range: 0 – 32 months) vs 2 months (range: 0 – 36 
months), p < 0.05]. At baseline, no differences in MTC 
Cr, UF capacity, and residual renal function (RRF) were 
found. A Cox proportional hazards analysis that included 
the results of peritoneal transport kinetic studies at 
baseline and year 1, RRF, and peritonitis episodes and 
glucose overexposure during year 1, showed that only the 
1-year MTC Cr was significantly associated with UF failure 
(Table 2). The table omits data about year 1 MTC urea, UF, 
and RRF because those variables do not fit into the model 
when year 1 MTC Cr is included (relative risk: 1.112; 95% 
confidence interval: 1.013 to 1.219; p = 0.025).

MTC CR OUTCOME

Figure 1 shows the MTC Cr outcome over the study pe-
riod. Similar results are seen for patients reaching 1, 2, 
3, 4, and 5 years on dialysis [Figure 1(A)]. In all groups, 
we observed a decrease in MTC Cr from baseline to year 2 
and a general increase after 4 – 5 years on PD. Figure 1(B) 
shows the MTC Cr outcome for the 38 patients who reached 
5 years on PD. In their case, the year 1 to year 2 decrease 
was nonsignificant relative to baseline, but a statistically 
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increasing MTC Cr values over time. Those differences 
appeared just after year 1 and were most pronounced 
between the L and the H and HA quartiles, as shown by 
the post-hoc Bonferroni test: L vs H, p = 0.001, and L vs 
HA, p = 0.003.

To confirm those findings, we performed a mixed-
model analysis to study factors influencing MTC Cr out-
come. Taking baseline MTC Cr as a co-variable and time as 
the main factor, the model confirms that baseline MTC Cr 
values are associated with significantly different behavior 
only up to the end of the first year on PD (p = 0.011).

EFFECT OF PERITONITIS

During the study, 113 patients remained free from 
peritonitis, and 162 patients experienced 1 or more 
peritonitis episodes (195 episodes in total). Figure 4(A) 
shows how the appearance of peritonitis during year 1 
was significantly associated with a neutralization of the 
decline in MTC Cr shown in patients free from peritonitis 

significant increase was observed from year 4 to year 5 
(from year 1 to year 5: p = 0.036; from year 2 to years 4 
and 5: p = 0.037 and p = 0.007 respectively).

UF CAPACITY OUTCOME

Figure 2 shows the UF capacity outcome. In mirror 
image relative to the MTC Cr, a nonsignificant increase in 
UF capacity over the first year is seen, with a significant 
and progressive decline after 4 – 5 years on PD, especially 
relative to values at years 1 and 2. Significance was con-
firmed by the mixed-model analysis.

EFFECT OF BASELINE TRANSPORT CHARACTERISTICS

Baseline MTC Cr values by transport quartile were 
 associated with different outcomes after 5 years on PD 
(Figure 3). Patients in the faster transport quartiles 
showed a tendency toward diminishing MTC Cr values, 
and patients in the slower quartiles tended to show 

TABLE 2 
Cox Proportional Hazards Analysis for Ultrafiltration Failure

  Relative 95% Confidence limits p
 Variable risk Inferior Superior Value

Age (per year) 0.999 0.965 1.034 NS
MTC creatinine (mL/min) at baseline 1.056 0.985 1.132 NS
MTC urea (mL/min) at baseline 1.052 0.999 1.107 NS
Residual renal function (mL/min) at baseline 0.972 0.796 1.187 NS
Ultrafiltration (3.86 L) at baseline 1 0.999 1.001 NS
MTC creatinine (mL/min), first year 1.112 1.013 1.219 0.025
No high-glucose exposure, first year 0.439 0.161 1.194 NS
Icodextrin at baseline 0.539 0.062 4.687 NS
Peritonitis (days), first year 1.013 0.919 1.117 NS

NS = nonsignificant; MTC = mass transfer coefficient.

Figure 1 — Mass transfer coefficient of creatinine (MTCcr) (A) in all patients, and (B) in the 38 patients who reached 5 years 
on peritoneal dialysis. In the latter patients, the decline in MTCcr from year 1 to year 2 was nonsignificant relative to baseline. 
* Statistically significant increase compared with year 1. † Statistically significant increase compared with year 2.

(A) (B)
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during that period. However, in later annual periods, this 
inverse phenomenon was not repeated [Figure 4(B)]. 
Mixed-model and repeated measures analysis of the MTC 
Cr outcome confirmed the effect of early peritonitis, with 
minimal effects after year 4.

To determine whether the initial peritoneal transport 
type would condition the effect of peritonitis on MTC Cr 
outcome, we included baseline MTC Cr as a co-variable. 
The analysis confirmed the significant influence of 
 peritonitis on MTC Cr outcome early during PD (p < 0.023) 

regardless of the starting MTC Cr value. Accumulated 
days of peritoneal inflammation showed an influence 
only during the first 3 years (p = 0.005, p = 0.003, and 
p = 0.002 respectively).

EFFECT OF HGE

The percentages of patients with HGE during years 1, 
2, 3, 4, and 5 were 37.7%, 31%, 43.9%, 47.5%, and 52.2% 

Figure 2 — Ultrafiltration capacity over time. Ultrafiltration 
capacity increased nonsignificantly during year 1. * Statisti-
cally significant decrease compared with year 1. † Statistically 
significant decrease compared with year 2. ‡ Statistically sig-
nificant decrease compared with year 3.

Figure 4 — (A) Evolution of the mass transfer coefficient of 
creatinine (MTCcr) during year 1 for patients with (n = 185) 
and without (n = 89) peritonitis. (B) Evolution of the MTCcr was 
not significantly different over a period of 4 years in patients 
with (n = 48) and without (n = 20) peritonitis.

Figure 3 — Mass transfer coefficient of creatinine (MTCcr) dur-
ing 5 years on peritoneal dialysis, by MTCcr quartile at baseline. 
Patients in the faster transport quartiles (high, high-average) 
tended to show a diminishing MTCcr; patients in the slowest 
transport quartile (low) tended to show an increasing MTCcr.
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respectively. Patients with HGE during year 1 showed a 
higher baseline MTC Cr value (11.7 ± 5.6 mL/min vs 10.0 
± 5.1 mL/min, p = 0.012) and a lower baseline UF capacity 
(803.4 ± 292.8 mL vs 943.5 ± 369.8 mL, p < 0.001), but 
no differences in RRF, age, or diabetes status.

Figure 5 shows the results for patients who reached 
5 years on PD, in which a strong and statistically sig-
nificant MTC Cr increase is noted for those with HGE; no 
changes were observed for patients having low glucose  
exposure (LGE).

Some of the HGE may be dictated by the basal trans-
port type and the loss of RRF that occurs over time on 
PD. To avoid those interferences and to isolate the role 
of glucose exposure with regard to peritoneal function, 
we explored the effect of glucose in only the interme-
diate quartiles (HA, LA) of MTC Cr. Because overuse of 
glucose is less conditioned by the initial type of peri-
toneal transport in those patients, the expectation 
is that H transporters would massively overuse, and 
that L transporters would rarely overuse. As Figure 6 
shows, in a group of patients starting with similar 
values for peritoneal function, overuse of glucose led 
to a signif icant divergence in the MTC Cr outcome  
during year 1.

With regard to RRF, we found no differences at base-
line and at year 1 between patients with HGE and LGE 
(baseline: 3.9 ± 2.8 mL/min vs 4.1 ± 2.8 mL/min; year 1: 
2.5 ± 2.2 mL/min vs 2.2 ± 1.8 mL/min respectively; all 
nonsignificant). At baseline, UF capacity was not differ-
ent between those groups (924 ± 379 mL vs 824 ± 284 mL, 
nonsignificant). However, after the first year, patients 
with LGE have a higher UF than do patients with HGE 
(999 ± 313 mL vs 847 ± 290 mL, p < 0.01). No differences 
in days of active peritonitis during the first year were 
observed between the groups.

APD AND ICODEXTRIN USE

The analysis that follows is limited because, from the 
beginning of PD, only 21 and 14 patients started with 
icodextrin and APD respectively. In both groups, we 
found a nonsignificant trend toward a higher MTC Cr at 
baseline and a greater decline over year 1. The assess-
ment of the influence of both factors was completed by 
mixed-model analysis, taking into account patients who 
started on icodextrin and APD over time. That analysis 
revealed that APD was not an influencing variable. By 
contrast, icodextrin use showed a statistically significant 

Figure 5 — In 12 patients with low glucose exposure (LGE), 
the mass transfer coefficient of creatinine (MTCcr) remained 
stable over time, but in 26 patients with high glucose exposure 
(HGE), the MTCcr showed an increase at some point in time. This 
difference was statistically significant (p = 0.024).

Figure 6 — Among patients in the intermediate transport 
quartiles (quartiles 2 and 3), those with high glucose exposure 
(HGE) in year 1 showed an increase in MTCcr. In those with low 
glucose exposure (LGE), the MTCcr diminished during year 1. 
This difference was statistically significant (p = 0.023).
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association with a lesser increase in MTC Cr over time, 
specifically when the baseline MTC Cr value was included 
in the model (p = 0.041, time–icodextrin–baseline MTC 
Cr). We then extended the analysis to explore changes in 
MTC Cr according to the use of icodextrin in the preceding 
year. Figure 7 presents the results of that mixed model, 
which shows that, in patients using icodextrin, MTC Cr 
was lower in the subsequent year, although it had been 
higher at baseline. The data are insufficient for analyses 
during later periods.

VINTAGE EFFECT

In the 1990s, we progressively introduced the use of 
APD (starting in 1995) and icodextrin (starting in 1998), 
and we changed the PD fluid used during peritoneal ki-
netic studies to 2.27% from 1.36% glucose. An analysis 
by vintage was therefore necessary. The MTC Cr and UF 
capacity outcomes in patients treated preferentially or 
totally during the 1980s and 1990s showed nonsignifi-
cant or non–clinically relevant differences.

DISCUSSION

In the present study, we tried to determine the influ-
ence of baseline peritoneal conditions on the develop-
ment of FT status and, at the same time, to analyze how 
the other risk factors (the degree and timing of peri-
tonitis and glucose exposure) modified that influence. 
With the present data, we confirm that initial FT and UF 

failure are reversible conditions that, under favorable 
conditions, tend to normalize over the first year on PD. 
As shown in Figure 3 and confirmed by the mixed-model 
analysis of peritoneal permeability, outcome at year 1 is 
not different for different transport values at baseline. 
That finding leads us to hypothesize that, with bioin-
compatible PD solutions, inherent and acquired FT are 
intrinsically and prognostically different. Attributing 
poorer survival and technique prognosis to transitory 
inherent FT seems to be inconsistent (14,21,22). Simi-
larly, we suggest that the MTC Cr at year 1 is the most 
predictive value in the patient’s history. For that reason, 
we emphasize the importance of analyzing the influence 
of peritonitis and HGE on peritoneal permeability during 
the first year.

We observed the influence of peritonitis from PD start: 
episodes occurring during year 1 invert the usual spon-
taneous trend of a reduction in solute transport. Cho et 
al. (23) proved that this behavior is associated with high 
levels of interleukin 6, transforming growth factor β, and 
vascular endothelial growth factor in peritoneal effluent. 
All those mediators cause peritoneal capillary vasodila-
tion and FT, transitory and definitive. Episodes appearing 
over subsequent years also have an influence on perito-
neal transport, leading to a switch to HD because of UF 
failure, as we previously described (24). Accumulated 
days of peritoneal inflammation and late peritonitis were 
the main causes of switches to HD and membrane failure 
in our population (data not shown), which might explain 
why we found no effect of peritonitis in the analysis 
from year 4 onwards. Somehow, patients that stay on PD 
beyond the fourth year are a selected population with a 
low incidence or influence of peritonitis.

Adverse effects from exposing the peritoneum to high 
glucose concentrations are abundantly observed with the 
use of bioincompatible PD fluids both in animal models 
(25,26) and in clinical studies (8,9). Animal models 
have shown the benefit of using fluids low in glucose 
degradation products (compared with conventional 
fluids) in terms of vasculopathy and fibrosis (27). We 
recognize that, in clinical studies, it is difficult to show 
the specific and separate effect of glucose content be-
cause of the generally unavoidable coincidence between 
high glucose use and peritoneal FT. To try to clarify that 
issue, we explored the influence of HGE on peritoneal 
transport only during year 1 in the group of patients 
with intermediate permeability. Choosing that group of 
patients and having ruled out differences in RRF, baseline 
UF, and peritonitis incidence, we were able to investigate 
the effects of glucose dose alone. In the selected group, 
a greater use of glucose was unquestionably associated 
with the maintenance of FT; patients who did not overuse 

Figure 7 — The mixed model shows that, in patients using 
icodextrin (ICO), the mass transfer coefficient of creatinine 
(MTCcr) was lower in the subsequent year, although MTCcr 
values in those patients had been higher at baseline. During 
years 2 and 3, patients on ICO showed a significant decrease 
in MTCcr relative to baseline.
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glucose showed a decline in solute permeability. Davies, 
writing alone and with colleagues (8,9), showed similar 
results, confirming that early overuse of glucose trans-
forms the membrane in terms of transport. In our series, 
icodextrin consistently protected the peritoneum, given 
that the use of icodextrin was associated with a delay in 
the increase of solute permeability. Use of icodextrin 
from the very beginning of PD has also been associated 
with a greater decline in solute transport during year 1 
among patients with FT at baseline (28). Moreover, ico-
dextrin has been reported to stop the increase in peri-
toneal solute permeability in prevalent anuric patients  
on APD (29).

The main strengths of the present study are the sig-
nificant number of patients being followed in a single 
unit using a stable peritoneal function methodology. 
Also, as shown in Figure 1(A), peritoneal function across 
time was similar in all patients (MTC Cr decline dur-
ing the first 2 years). Finally, as shown in Table 1, the 
demographic and peritoneal transport characteristics 
of the 403 initial patients, the 275 patients studied 
repeatedly, and the 38 patients who reached 5 years on 
PD were all similar. Both findings suggest that these 
two analyzed PD populations (275 and 38 respectively) 
are representative of the entire population, leading 
us to think that the analysis excludes biased drop-
out or positive selection attributable to peritoneal  
membrane problems.

The main limitations of the present study are these:

•		 The	 change	made	 in	 the	 functional	 evaluation	of	
the peritoneum. The MTC Cr was determined using 
1.36% glucose until 1990 and 2.27% glucose there-
after—although we previously showed that 1.36% 
and 2.27% glucose produced similar results (data  
not shown).

•		 The	fact	that,	until	2004,	no	internationally	accepted	
method to measure the UF rate was available (20). We 
had to use a clinically useful and reproducible 24-hour 
standard UF methodology that could, in fact, depend 
on factors other than pure peritoneal UF capacity—
including RRF or an intake-driven need for volume 
removal. To rule out decisive influences on results, 
we analyzed the effect of 1980s and 1990s dialysis 
vintage on the transport parameter outcome, finding 
no significant differences.

In our population, membrane failure as the cause of 
technique failure was infrequent (occurring in only 16 
patients). That circumstance might explain why some 
factors that usually show a negative influence with time 
(such as peritonitis and HGE) did not reach statistical 
significance in the Cox analysis for membrane failure.

CONCLUSIONS

Prognosis for the peritoneal membrane is independent 
of baseline transport characteristics. Fast transport and 
UF failure are reversible conditions when peritonitis and 
HGE are avoided during the early dialysis period. Year 1 is 
among the main determining factors of the membrane’s 
future, with the MTC Cr at 12 months being the best 
predictor of future peritoneal function. Icodextrin helps 
with glucose avoidance and is associated with peritoneal 
protection. We think that these data provide a historical 
framework within which to compare the natural history 
of the peritoneal membrane under bioincompatible and 
biocompatible solutions.
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