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Abstract

Encapsulating peritoneal sclerosis (EPS) is the
most serious complication of long-term PD. In
this chapter a review will be given on risk
factors, EPS epidemiology, its pathology, path-
ogenesis, clinical manifestations, investiga-
tions, treatment, and prevention.
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Encapsulating peritoneal sclerosis (EPS) is a rare,
excessive fibrogenic reaction of the peritoneal
membrane that leads to extensive peritoneal scle-
rosis, bowel adhesions, and recurrent intestinal
obstruction episodes. In most severe -cases,
bowel loops become totally encapsulated in a
fibrotic cocoon responsible of intestinal occlu-
sions, malnutrition, sepsis, and death [1-4].
Though this entity affects a minority of patients
on peritoneal dialysis (PD) ranging from 0.9% to
3.5%, it constitutes its most severe and devastat-
ing complication with reported mortality rates as
high as 50% [2].
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Risk Factors

EPS is a multifactorial condition of unknown
origin that has been described in association
with, or as a consequence of, various pathological
conditions, like intra-abdominal neoplasias, liver
cirrhosis, hepatic transplantation, auto-immune
disorders, and peritoneal tuberculosis [5]. PD
duration is probably the most important risk factor
in PD patients: EPS has rarely been reported to
occur before 3 years on PD and its prevalence
progressively increases with the duration of PD
[1, 2, 6-9]. Other conditions associated with EPS
development in PD patients have been summa-
rized extensively in [10] and include the following
items: (1) chlorhexidine, which was used in the
1980s as chemical antiseptic agent to sterilize
tubing connections; (2) cumulative glucose expo-
sure and the use of bioincompatible PD fluids;
(3) younger age, probably as the consequence of
a lower competing risk of death and/or because
younger patients have highly active repair capac-
ity of damaged tissue; (4) peritonitis episodes,
although a number of studies failed to show this
[9, 11, 12], and EPS has been described in patients
without any peritonitis episode; (5) B-blockers
such as practolol in the 1970s, and immunosup-
pressive pro-fibrotic agents, like calcineurin
inhibitors. The latter have been shown to induce
peritoneal fibrosis in a rat model [13] and also
when given in renal transplant recipients [2]. In
up to 50% of cases, EPS develops or symptomat-
ically progresses after PD discontinuation [1, 2,
8, 14]. Although the clinical manifestations are
often less severe, it contributes to the mortality in
patients with a kidney transplant [15].

Epidemiology of EPS

Initially based on local case-report descriptions or
on short series from various centers [16, 17], EPS
epidemiology currently relies on multicenter or
national registry cohorts [7, 8, 18]. Most of cur-
rent knowledge comes from Japanese patients,
probably because they often remain on PD for
long durations [6]. Kawanishi et al. reported an
EPS incidence of 0.7% after 5 years, 2.1% after
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8 years, 5.9% after 10 years, and 17.2% after
15 years on PD, respectively [6]. EPS occurred
in 33 out of 7618 patients from the ANZDATA
registry, in which patients have been assessed
across 4 consecutive periods, ranging from 1995
to 2007, giving an incidence of 1.8 per 1000
patient-years. Cumulative incidences at 3, 5, and
8 years were 0.3, 0.8 and 3.9%, respectively [1]. A
progressive increase in the cumulative risk of
developing EPS was found in the Scottish Regis-
try after 3.5 years since the first exposure to PD,
reaching a cumulative incidence of 8.1% at
8 years [7]. Noteworthy, 11% of the EPS cases
reported in the Pan-Thames EPS study occurred in
patients who had been on PD for less than 3 years
[19]. An explanation might be that the diagnosis
was largely based on CT scans, interpreted by
various radiologists. Altogether, the reported
prevalence of EPS varies between 0.4% and
8.9%, the incidence rate between 0.7 and 13.6
per 1000 patient-years, and the risk of occurrence
after 5 years on PD between 0.6 and 6.6%
[reviewed in §]. The variability observed among
EPS incidence worldwide could be accounted for
by still-unknown individual genetic polymor-
phism predispositions in pro-fibrotic genes, local
differences in microorganisms causing peritonitis,
and/or in PD management, for instance the glu-
cose load or the use of biocompatible PD fluids. It
is remarkable in this context that no single EPS
case had been reported to the ANZDATA Registry
between 2004 and 2007; an observation ascribed
to the systematic use of biocompatible dialysis
fluids [1]. Alternatively, methodological biases,
such as inadequate reporting or lead time biases
regarding PD exposure, could explain why EPS
incidence is so variable in the different studies [8].
More recent data support the Australian and
New Zealand observation that EPS incidence is
currently decreasing over time, though the exact
reason for this still remains speculative. Using a
multidisciplinary approach, including the use of
biocompatible solutions from the initiation of
dialysis, the concomitant use of icodextrin,
and/or the PD and hemodialysis combination ther-
apy that is increasingly advocated in long-term
PD, Japanese authors recently found an overall
EPS incidence rate of 1.0%: it was 0.3% for PD
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less than 3 years, 0.6% for PD up to 5 years, 2.3%
for PD up to 8 years, and 1.2% for PD more than
>8 years. These incidences are much lower than
those previously described in Japan [20]. A
remarkable sixfold decrease in EPS yearly inci-
dence from 0.85% in 2009 to 0.14% in 2014 has
also been found in the Dutch PD population [21].
Similar observations have been reported in Span-
ish, German, and Australian studies [8]. These
data will need to be confirmed in the near future.

Pathology Description

The macroscopic appearance of the peritoneum of
EPS patients exhibits specific characteristics. It
appears tanned, thickened, and brown, with a
leathery appearance [4, 16]. In contrast, the micro-
scopic changes are not really specific and are
comparable with those described in long-term
PD patients. Prolonged exposure to PD solutions,
with repetitive episodes of peritonitis, causes
damage to the peritoneal membrane, sometimes
accompanied by inflammation [22-25]. Perito-
neal damage consists of denudation of the meso-
thelial cell layers, submesothelial fibrosis,
neo-angiogenesis, and vasculopathy. Those
abnormalities are also similarly present in the
peritoneum of EPS patients. Some specific abnor-
malities, like the presence of fibroblast-like cells
in the interstitial tissue, tissue deposits of fibrin
and iron, and positive immunostaining for
podoplanin, a membrane glycoprotein, have
been reported in EPS patients [3]. The interstitium
may also contain lymphocytes, especially
T-helper cells [26, 27]. In another recent analysis,
a series of peritoneal biopsies from EPS and an
appropriately-matched cohort of long-term PD
patients with similar time on PD and no EPS
were compared to describe more subtle patholog-
ical changes in the peritoneal membrane of the
EPS patients [28]. Markers of vasculopathy like
eNOS and VEGF were significantly enhanced in
EPS patients compared to uremic and control
patients. An impressive finding was the 4.7-fold
increase in the thickness of the submesothelial
area in the EPS patients compared with the 1.9-
fold in control PD patients. Using polarized light
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microscopy, the authors demonstrated qualitative
changes in the fibrotic submesothelial tissue com-
position of EPS patients, with increased collagen
density compared to the uremic and control PD
patients. This increased density of collagen fibers
was mainly caused by the accumulation of thick
collagen-1 fibers, while the contribution of thinner
collagen-3 fibers was not different between the
groups. This is illustrated in Fig. 1. Collagen-1 is
involved in wound healing and scar formation;
collagen-3 accumulates in uremia [29]. These
alterations in collagen matrix within the peritoneal
tissue may be reflected in some functional abnor-
malities, because collagen binds water [30].

Pathogenesis of EPS

The morphological changes in peritoneal tissue
that can develop during the time course of PD in
individual patients have been described in the
above part and include the mesothelium, the
blood vessels, and the interstitium. Long-term
exposure to unphysiological, or bioincompatible,
dialysis solutions is the most important culprit [9],
irrespective of the dialysis modality [31]. The
percentage of long-term patients that develop
marked morphological changes is unknown,
because routine peritoneal biopsies and longitudi-
nal follow-up biopsies have never been performed
in adult patients for obvious reasons. Yet it is
evident that only a very limited number of long-
term patients develop EPS. This is the reason that
the second hit theory has been ensued [32], in
which an acute event like a severe peritonitis
episode in a patient with an already damaged
peritoneum triggers the clinical manifestations of
EPS, the so-called transition from simple sclerosis
to encapsulating peritoneal sclerosis [33]. Not
only acute peritonitis, but also chronic inflamma-
tion could be a trigger for the transition to EPS.
This is supported by the presence of activated
T-cells in the interstitium [34] and the expression
of several growth factors [35].
Epithelial-to-mesenchymal transition of meso-
thelial cells (EMT) has been described in PD
patients [36]. It is characterized by the presence
of cytokeratin positive fibroblast-like cells in the
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Fig. 1 (a) Changes in quality in the peritoneal interstitium
of patients with EPS. (A-C) Representative sections of the
parietal peritoneum from uremic (A), PD (B), and EPS
(C) patients stained with picrosirius red and visualized
under circulatory polarized light. Collagen fibers in the
submesothelial area. Taken from ref. [28] with permission

submesothelial stroma. EMT is an early event that
can occur in up to one third of the patients in the
second year of PD [37] and is associated with high
effluent concentrations of vascular endothelial
growth factor (VEGF) and the mesothelial cell
marker cancer antigen 125 (CA 125) [38]. It has
been suggested that EMT would predict the long-
term changes in the peritoneal tissues, but this has
never been substantiated due to the lack of follow-
up peritoneal biopsies.

The relationship between the duration of PD
and EPS points to a role of the dialysis solution in
its pathogenesis. The conventional dialysis solu-
tions are not ideally biocompatible, mainly
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of the American Society of Nephrology. (b) Collagen
volume fraction from picrosirius red-stained peritoneum
as percentage of submesothelial area from uremic (green
circles), PD (blue), and EPS (red) patients. Taken from ref.
[28] with permission of the American Society of
Nephrology

because of the extremely high glucose concentra-
tions and the presence of glucose degradation
products. The continuous contact between glu-
cose and proteins leads to the formation of glyco-
sylation end products (AGEs) [39], a process that
is probably enhanced by the presence of glucose
degradation products [40]. Indeed, AGEs have
been demonstrated submesothelially and peri-
vascular in peritoneal tissue of long-term PD
patients [41]. This may explain why the use of
glucose-based dialysis solutions with a low con-
tent of glucose degradation products is associated
with Dbetter preservation of the peritoneum
[42—-44]. Although no final proof is available, it
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may well be that the decreasing incidence of EPS
in some parts of the world is related to the exclu-
sive use of biocompatible dialysis solutions.

Clinical Manifestations

Bowel obstruction in a long-term PD patient is the
most important sign of EPS. The obstruction can
be intermittent in the initial phase. It may cause
anorexia, nausea, vomiting, weight loss, constipa-
tion or diarrhea, and abdominal pain. Blood-
stained peritoneal effluent has been described but
is probably rare. Some patients have signs of
inflammation, like fever and a general finding of
fatigue [8].

Investigations

A CT scan is currently the most appropriate imag-
ing technique when EPS is suspected [45]. It
should preferably be done with a dialysate-filled
peritoneal cavity and intravenous contrast, taking
precautions for the prevention of contrast
nephropathy in the presence of residual urine pro-
duction. Peritoneal calcifications, thickening,
fluid loculation, and tethering of small bowel
loops can be present [46]. An example is given
in Fig. 2. Using a severity scoring system, a
marked difference was found between EPS and
control PD patients without this complication, but
no or only mild abnormalities were present before
the occurrence of clinical symptoms [47]. There-
fore, CT scanning cannot be used for screening.
Using a case-control approach in 15 EPS patients,
6 hallmarks for EPS could be defined: peritoneal
enhancement, bowel wall thickening, calcifica-
tions, adhesions of bowel loops, obstruction, and
signs of fluid loculation/septation. A positive
score for three out of the six items in contrast-
enhanced CT had a sensitivity of 100% and a
specificity of 94% for EPS, when judged by expe-
rienced radiologists [48]. A CT scan should also
be made to exclude other causes of bowel
obstruction.

Some EPS patients have an elevated plasma
CRP [49], but this is not always the case.
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Fig. 2 A representative example of a computed tomo-
graphic scan of a patient with EPS. It shows ascites,
bowel loops that are drawn into the center of the abdominal
cavity indicating adhesions, and an enhanced, thickened
peritoneum with calcifications both visceral and parietal.
Taken from ref. [45] with permission of Oxford University
Press

Investigation of peritoneal effluent is more useful.
A review of the various locally produced proteins
and peptides that reflect the status of the perito-
neum is given in ref. [50]. Interleukin-6 (11-6) is a
pleiotropic cytokine, produced by various cell
types, including T-cells, activated macrophages,
fibroblasts, mesothelial cells, and vascular endo-
thelial cells. Effluent concentrations are usually
higher than plasma concentrations. Effluent I1L-6
is markedly increased during the acute phase of
peritonitis [51], while some augmentation is pre-
sent during minor peritoneal inflammation as
defined by high peritoneal solute transport rates
[52, 53]. Cancer antigen 125 (CA 125) is a high-
molecular-weight glycoprotein, locally produced
in the peritoneal cavity by mesothelial cells. Efflu-
ent CA 125 represents mesothelial cell mass or
turnover [54]. It decreases with PD duration [55].
Vascular endothelial growth factor (VEGF) is a
locally secreted glycoprotein in peritoneal fluid
that is related to peritoneal solute transport in
cross-sectional analyses [56]. Concentrations are
higher with the use of biocompatible dialysis solu-
tions [57]. Plasminogen activator inhibitor-1
(PAI-1) is a glycoprotein produced by endothelial
and smooth muscle cells [58] and extensively
present in peritoneal submesothelial tissue [59].
Effluent PAI-1 is related with solute transport and
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increases with PD duration [60]. A retrospective
analysis of 11 patients who developed EPS after a
median PD duration of more than 8 years and in
whom previous data on peritoneal transport and
effluent biomarkers was available showed lower
values of CA 125, higher values for I1-6, and no
difference for VEGF compared to a control group
[61]. A subsequent analysis in the same patients
showed an increase of effluent PAI-1, which
started 3 years before the diagnosis of EPS [62].
The discriminative ability of PAI-1 assessed at
1 year before the clinical diagnosis was high,
with an area under the receiver operating charac-
teristic curve (ROC) of 0.76. This value is greater
than those for CA 125 (0.63), 1I-6 (0.62), and
VEGF (0.68) [63]. The ROC value of 0.76 for
PAI-1 was reflected in a high sensitivity and a
moderate specificity for the diagnosis of EPS
within 1 year.

Poor ultrafiltration (UF) is usually present in
EPS patients. This is especially the case for crys-
talloid osmosis-induced UF, which becomes pro-
gressively impaired [64]. Small solute transport
including the absorption of glucose is fast in the
majority of patients, but not progressively [17,
64—67]. Ultrafiltration failure (UFF) reflects peri-
toneal membrane abnormalities and should be
distinguished from overhydration. Patients may
become overhydrated for various reasons, UFF
is one of them. Therefore, the 3x4 rule has been
developed: UFF = netUF<400 mL after a 4 h
dialysis dwell with a 4% (3.86/4.25) glucose-
based dialysis solution. This definition was
adopted by the International Society of Peritoneal
Dialysis [68]. Using the above criterion in the
longitudinal follow-up of 417 incident PD
patients, UFF developed in 12%, but EPS in
only 3% [66].

Transcapillary ultrafiltration occurs by two
pathways: the small inter-endothelial pores and
the intra-endothelial water channel aquaporin-1
(AQP-1). The latter has a radius of ~5 A, which
only allows transport of water without that of
solutes, so-called free water transport (FWT)
[69]. The magnitude of transcellular FWT is
almost completely dependent on the crystalloid
osmotic pressure gradient and may account for
almost 50% of total ultrafiltration achieved with
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a 3.86/4.25% glucose-based dialysis solution in
mathematical models, like the three-pore model
[70]. AQP-1 also explains the sieving of sodium,
the well-known phenomenon that dialysate
sodium decreases with glucose-induced ultrafil-
tration [71]. In contrast, small pore fluid transport
(SPFT) is to a large extent dependent on the
hydrostatic pressure gradient. Both transport path-
ways, SPFT and FWT, can be assessed in individ-
ual patients by sodium kinetics [72]. Mean values
for FWT during the first hour of a dialysis dwell of
35% of total UF have been reported using this
technique, but with a very large interindividual
variation [72, 73]. Longitudinal follow-up of
138 incident PD patients showed decreases in
FWT and SPFT after 4 years of PD [74]. However,
the FWT decrease was much more severe in EPS
[28, 66]. Compared to time-matched controls with
UFF, no other fluid transport parameter was sig-
nificantly different, including net UF, osmotic
conductance, ultrafiltration coefficient, and the
reflection coefficient. The possibility of a reduced
osmotic conductance in long-term patients with
UFF has been mentioned as an explanation for the
dissociation between solute and fluid transport,
but the osmotic conductance was not measured
[75]. The same applies for the hypothesized
impaired osmotic conductance in EPS [76]. Free
water transport was not assessed in these studies.
All patients had a normal expression of AQP-1
[28], which suggests that filtered water, but not its
soluble contents like electrolytes and glucose, is to
some extent bound to constituents of the
interstitium, like collagen or the interstitial matrix,
that contains large quantities of hyaluronan, a very
hydrophilic glycosaminoglycan [77, 78]. What-
ever the cause, FWT has a very high predictive
value for the clinical diagnosis of EPS in 1 year:
the area under the ROC curve was 0.94, the sen-
sitivity of FWT < 75 mL was 100%, and the
sensitivity 81% in the only published study on
this issue [63], as shown in Fig. 3. Addition of a
dialysate PAI-1 appearance rate >8.5 ng/min
increased the specificity to 94%. It should be
realized that the quantitative information is from
the only published study prediction of EPS and
awaits confirmation by others.
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Fig. 3 Diagnostic
accuracy measures are
depicted for quantity of

F WTo,so, CA

125 appearance rate (AR),
11-6 AR, PAI-1 AR, and
VEGF AR. This graph
illustrates the threshold
values for each parameter at
a time lag of 1 year,
accompanied by their
corresponding estimations
of sensitivity (solid bars)
and specificity (open bars).
Taken from ref. [63] with
permission of Multimed

Treatment

It is commonly accepted that, in the presence of
suspected or presumed EPS diagnosis, PD should
be stopped with the transfer of the patient to
hemodialysis. Unfortunately, as previously men-
tioned, EPS may also develop or worsen after PD
withdrawal. This has led Japanese authors to
advocate leaving the PD catheter in place to initi-
ate regular peritoneal lavage after the patient had
been switched to hemodialysis in order to remove
pro-inflammatory cytokines, fibrin, fibrin clots,
and fibrin degradation products; i.e., products
suspected to mediate the peritoneal fibrotic pro-
cess [79—81]. Though there are no controlled stud-
ies on this topic, such a policy has also recently
been implemented in some European centers.

Because EPS is associated with high mortality
rates up to 50% in the majority of series [3, 4],
different interventional strategies have been pro-
posed; they include parenteral nutritional support,
specific drugs initiation, and surgery.

Reduced nutritional intake related to intestinal
symptoms and persistent acute phase response
lead to severe energy calorie and proteins wasting
in EPS patients. Nutritional advices and monitor-
ing are therefore mandatory, and parenteral sup-
port is often required to prevent malnutrition in
patients unable to tolerate adequate oral intake or
nasojejunal feeding [3, 4, 82]. In some but not all
series, parenteral nutrition improved digestive
symptoms, increase weight and serum albumin

FWT

CA125AR 230 U/min

IL-6AR 174.0 pgimin

PAl-1 AR

VEGF AR 32.5pgimin
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concentration, and decrease CRP level, but also,
the general prognosis of EPS patients [17, 81, 83].

Several drug therapies have been associated
with improvement in EPS condition; they include
corticosteroids, tamoxifen, immunosuppressive
agents, and angiotensin II blockers. Steroids, at a
dosage of 0.5-1 mg/kg bw, with progressive
tapering within 6 months, have been advocated
because of their anti-inflammatory properties
[84]. Tamoxifen, by analogy with its efficacy in
retroperitoneal fibrosis, has also been tried in
some patients with discordant results [85—-87].
Some case reports describing the efficacy of
immunosuppressive agents, like azathioprine,
mycophenolate mofetil, or a switch from
calcineurin inhibitors to sirolimus in post-renal
transplant EPS, or angiotensin II blockers, have
also been reported. However, those data are too
anecdotic to strongly recommend their utilization
in the management of EPS [8]. It is indeed diffi-
cult to believe that a pharmaceutical agent could
revert EPS symptomatology once the bowels are
completely encapsulated in a cocoon. That is the
reason why early corticosteroids prescription in
patients in whom a diagnosis of EPS is suspected
should be strongly recommended.

Surgery, initially contra-indicated because of
its related morbidity and mortality rates, is now
widely recommended in selected cases, i.e., EPS
patients in whom nutritional status has been
corrected and corticosteroids dosage tapered to a
minimal dose. Successful surgical results had
repeatedly been reported from Japanese centers.



806

The surgery consists of an enterolysis, i.e., a
decortication of the fibrous peritoneal mem-
branes, relief of localized intestinal stenosis with
balloon dilatation after enterolysis, and preven-
tion of re-obstruction recurrence by localized
intestine suture (the Noble plication procedure),
while avoiding inadvertent bowel perforation.
By-pass between the jejunum and large intestine
or ileum is often required [86—88]. Post-operative
mortality may reach up to 6%. Similar techniques
have also been initiated in the UK and Germany in
specialized surgical teams [89-91]. Mortality
rates in the long term are reduced in operated
patients from ~50% in patients without surgery
to ~30 after an operation, but high morbidity and
relapse rates have been reported [92, 93].

Prevention

Currently no definitive criteria exist that enable
detection of early stage of EPS. But, as EPS inci-
dence increases with time on PD, markedly after
4-5 years of treatment, the question has been
raised if PD should be discontinued
pre-emptively in patients after some years, espe-
cially in those awaiting transplantation [85, 94].
This view was strongly opposed by many well-
known nephrologists [95, 96], especially because
a majority of PD patients will not develop EPS
and EPS may become manifest after discontinua-
tion of PD. Recently published results from the
ANZDATA and Scottish registry are also support-
ive for not setting an expiry date, because the
estimated risk of developing EPS with the dura-
tion of PD appears to be country-specific and
much smaller when the competing risk of death
was taken into account, instead of the
Kaplan—Meier approach [97].

No predictive models are currently available to
predict the risk of EPS from baseline. A better
understanding of the early stages of EPS would
therefore help to identify patients at risk and estab-
lish prevention strategies. Who are the patients
at-risk to develop EPS? Probably those who
develop a fast solute transport status with
impaired ultrafiltration, although the percentage
of them is very small. But it justifies yearly
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assessment of peritoneal function using a modi-
fied peritoneal equilibration test (PET), performed
with a 3.86/4.25% glucose-based dialysis solution
and a dialysate and blood sample after 1 h [6§].
The test provides information on D/P creatinine,
net UF, and sodium sieving. When this PET is
augmented with temporary drainage after 1 h for
volume assessment by weight, followed by rein-
fusion, FWT can also be calculated [98]. Although
based on a limited number of patients, FWT had a
very high area under the receiver operating char-
acteristic curve for the clinical diagnosis of EPS
within 3 years [63].

Other strategies for EPS prevention have been
recommended; they include, first, glucose-load
minimization by the use of loop diuretics if appro-
priate, and alternative osmotic agents to glucose,
such as amino acids and icodextrin, and second,
prescription of the so-called more biocomp-
atible-physiological new glucose-based dialysate
solutions [1, 4, 8, 18, 21]. Two cross-sectional
morphological analyses have been published in
adult patients comparing dialysis with a conven-
tional solution with a biocompatible one [42, 44].
Both reported less vasculopathy and fibrosis in
those treated with the biocompatible solution. In
contrast, peritoneal abnormalities were present in
children on biocompatible solutions, but the
source of the solution was not reported and may
have been different [99]. The global fluid study
focused on differences in the time course of D/P
creatinine reported stable values on the biocom-
patible solution, in contrast with the rise in those
treated with conventional solutions [100]. FWT in
patients treated with the biocompatible solution
showed a small, not significant decline during
follow-up [101]. It is speculative if the decreasing
incidence of EPS reported in some countries can
be explained by the larger number of patients
treated with biocompatible dialysis fluids [1, 8§,
20, 21]. According to our current knowledge of
the pathogenesis of EPS, the best prevention is
probably the replacement of conventional dialysis
solutions by the biocompatible ones, including
icodextrin. Yearly monitoring of peritoneal func-
tion including ultrafiltration and free water trans-
port when possible should identify patients at risk
for EPS development.



27

Encapsulating Peritoneal Sclerosis

References

10.

I1.

12.

13.

. Johnson DW, Cho Y, Livingston BE, Hawley CM,

McDonald SP, Brown FG, et al. Encapsulating peri-
toneal sclerosis: incidence, predictors, and outcomes.
Kidney Int. 2010;77(10):904—12.

. Korte MR, Sampimon DE, Betjes MG, Krediet

RT. Encapsulating peritoneal sclerosis: the state of
affairs. Nat Rev Nephrol. 2011;7(9):528-38.

. Braun N, Fritz P, Ulmer C, Latus J, Kimmel M,

Biegger D, et al. Histological criteria for encapsulat-
ing peritoneal sclerosis — a standardized approach.
PLoS One. 2012;7(11):e48647.

. Ryckelynck JP, Bechade C, Bouvier N, Ficheux M,

Hurault de LB, Lobbedez T. Encapsulating peritoneal
sclerosis. Nephrol Ther. 2017;13(4):211-9.

. Singhal M, Krishna S, Lal A, Narayanasamy S, Bal A,

Yadav TD, et al. Encapsulating peritoneal sclerosis:
the abdominal cocoon. Radiographics. 2019;39(1):
62-77.

. Kawanishi H, Kawaguchi Y, Fukui H, Hara S,

Imada A, Kubo H, et al. Encapsulating peritoneal
sclerosis in Japan: a prospective, controlled, multicen-
ter study. Am J Kidney Dis. 2004;44(4):729-37.

.Brown MC, Simpson K, Kerssens JJ, Mactier

RA. Encapsulating peritoneal sclerosis in the new
millennium: a national cohort study. Clin J Am Soc
Nephrol. 2009;4(7):1222-9.

.Brown EA, Bargman J, Van BW, Chang MY,

Finkelstein FO, Hurst H, et al. Length of time on
peritoneal dialysis and encapsulating peritoneal scle-
rosis — position paper for ISPD: 2017 update. Perit
Dial Int. 2017;37(4):362-74.

. Korte MR, Sampimon DE, Lingsma HF, Fieren MW,

Looman CW, Zietse R, et al. Risk factors associated
with encapsulating peritoneal sclerosis in Dutch EPS
study. Perit Dial Int. 2011;31(3):269-78.

Kawaguchi Y, Kawanishi H, Mujais S, Topley N,
Oreopoulos DG. Encapsulating peritoneal sclerosis:
definition, etiology, diagnosis, and treatment. Interna-
tional Society for Peritoneal Dialysis Ad Hoc Com-
mittee on Ultrafiltration Management in Peritoneal
Dialysis. Perit Dial Int. 2000;20(Suppl 4):S43-55.
Oules R, Challah S, Brunner FP. Case-control study to
determine the cause of sclerosing peritoneal disease.
Nephrol Dial Transplant. 1988;3(1):66-9.

Hendriks PM, Ho-dac-Pannekeet MM, van Gulik
TM, Struijk DG, Phoa SS, Sie L, et al. Peritoneal
sclerosis in chronic peritoneal dialysis patients: anal-
ysis of clinical presentation, risk factors, and perito-
neal transport kinetics. Perit Dial Int. 1997;17(2):
136-43.

van Westrhenen R, Aten J, Hajji N, de Boer OJ,
Kunne C, de Waart DR, et al. Cyclosporin A induces
peritoneal fibrosis and angiogenesis during chronic
peritoneal exposure to a glucose-based, lactate-buff-
ered dialysis solution in the rat. Blood Purif. 2007;25
(5-6):466-72.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

807

Fieren MW, Betjes MG, Korte MR, Boer
WH. Posttransplant encapsulating peritoneal sclero-
sis: a worrying new trend? Perit Dial Int. 2007;27(6):
619-24.

Korte MR, Habib SM, Lingsma H, Weimar W, Betjes
MG. Posttransplantation encapsulating peritoneal
sclerosis contributes significantly to mortality after
kidney transplantation. Am J  Transplant.
2011;11(3):599-605.

Slingeneyer A, Mion C, Mourad G, Canaud B,
Faller B, Beraud JJ. Progressive sclerosing peritonitis:
a late and severe complication of maintenance perito-
neal dialysis. Trans Am Soc Artif Intern Organs.
1983;29:633-40.

Verger C, Celicout B. Peritoneal permeability and

encapsulating peritonitis. Lancet. 1985;1(8435):
986-17.
Summers AM, Abrahams AC, Alscher MD,

Betjes M, Boeschoten EW, Braun N, et al. A collab-
orative approach to understanding EPS: the European
perspective. Perit Dial Int. 2011;31(3):245-8.
Balasubramaniam G, Brown EA, Davenport A,
Cairns H, Cooper B, Fan SL, et al. The Pan-Thames
EPS study: treatment and outcomes of encapsulating
peritoneal sclerosis. Nephrol Dial Transplant.
2009;24(10):3209-15.

Nakayama M, Miyazaki M, Honda K, Kasai K,
Tomo T, Nakamoto H, et al. Encapsulating peritoneal
sclerosis in the era of a multi-disciplinary approach
based on biocompatible solutions: the NEXT-PD
study. Perit Dial Int. 2014;34(7):766—74.

Betjes MG, Habib SM, Boeschoten EW, Hemke AC,
Struijk DG, Westerhuis R, et al. Significant decreas-
ing incidence of encapsulating peritoneal sclerosis in
the Dutch population of peritoneal dialysis patients.
Perit Dial Int. 2017;37(2):230-4.

. Mateijsen MA, van der Wal AC, Hendriks PM,

Zweers MM, Mulder J, Struijk DG, et al. Vascular
and interstitial changes in the peritoneum of CAPD
patients with peritoneal sclerosis. Perit Dial Int.
1999;19(6):517-25.

Williams JD, Craig KJ, Topley N, Von RC, Fallon M,
Newman GR, et al. Morphologic changes in the peri-
toneal membrane of patients with renal disease. ] Am
Soc Nephrol. 2002;13(2):470-9.

Honda K, Hamada C, Nakayama M, Miyazaki M,
Sherif AM, Harada T, et al. Impact of uremia, diabe-
tes, and peritoneal dialysis itself on the pathogenesis
of peritoneal sclerosis: a quantitative study of perito-
neal membrane morphology. Clin J Am Soc Nephrol.
2008;3(3):720-8.

Devuyst O, Margetts PJ, Topley N. The pathophysi-
ology of the peritoneal membrane. J Am Soc Nephrol.
2010;21(7):1077-85.

Latus J, Habib SM, Kitterer D, Korte MR, Ulmer C,
Fritz P, et al. Histological and clinical findings in
patients with post-transplantation and classical encap-
sulating peritoneal sclerosis: a European multicenter
study. PLoS One. 2014;9(8):¢106511.



808

27

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

. Habib SM, Abrahams AC, Korte MR, Zietse R, de
Vogel LL, Boer WH, et al. CD4-positive T cells and
M2 macrophages dominate the peritoneal infiltrate of
patients with encapsulating peritoneal sclerosis. PLoS
One. 2015;10(4):e0120174.

Morelle J, Sow A, Hautem N, Bouzin C, Crott R,
Devuyst O, et al. Interstitial fibrosis restricts osmotic
water transport in encapsulating peritoneal sclerosis.
J Am Soc Nephrol. 2015;26(10):2521-33.

Combet S, Ferrier ML, Van LM, Stoenoiu M,
Moulin P, Miyata T, et al. Chronic uremia induces
permeability changes, increased nitric oxide synthase
expression, and structural modifications in the perito-
neum. J] Am Soc Nephrol. 2001;12(10):2146-57.
Fullerton GD, Amurao MR. Evidence that collagen
and tendon have monolayer water coverage in the
native state. Cell Biol Int. 2006;30(1):56-65.
Michels WM, Verduijn M, Parikova A, Boeschoten
EW, Struijk DG, Dekker FW, et al. Time course of
peritoneal function in automated and continuous peri-
toneal dialysis. Perit Dial Int. 2012;32(6):605—11.
Kawanishi H, Watanabe H, Moriishi M, Tsuchiya
S. Successful surgical management of encapsulating
peritoneal sclerosis. Perit Dial Int. 2005;25(Suppl 4):
S39-47.

Garosi G. Different aspects of peritoneal damage:
fibrosis and sclerosis. Contrib Nephrol. 2009;163:
45-53.

Betjes MG, Habib MS, Struijk DG, Lopes BD, Korte
MR, Abrahams AC, et al. Encapsulating peritoneal
sclerosis is associated with T-cell activation. Nephrol
Dial Transplant. 2015;30(9):1568-76.

Abrahams AC, Habib SM, Dendooven A, Riser BL,
van der Veer JW, Toorop RJ, et al. Patients with
encapsulating peritoneal sclerosis have increased
peritoneal expression of connective tissue growth fac-
tor (CCN2), transforming growth factor-betal, and
vascular endothelial growth factor. PLoS One.
2014;9(11):e112050.

Yanez-Mo M, Lara-Pezzi E, Selgas R, Ramirez-
Huesca M, Dominguez-Jimenez C, Jimenez-
Heffernan JA, et al. Peritoneal dialysis and epithelial-
to-mesenchymal transition of mesothelial cells.
N Engl J Med. 2003;348(5):403—13.

Del Peso G, Jimenez-Heffernan JA, Bajo MA,
Aroeira LS, Aguilera A, Fernandez-Perpen A, et al.
Epithelial-to-mesenchymal transition of mesothelial
cells is an early event during peritoneal dialysis and
is associated with high peritoneal transport. Kidney
Int Suppl. 2008;108:S26-33.

Aroeira LS, Aguilera A, Selgas R, Ramirez-Huesca-
M, Perez-Lozano ML, Cirugeda A, et al. Mesenchy-
mal conversion of mesothelial cells as a mechanism
responsible for high solute transport rate in peritoneal
dialysis: role of vascular endothelial growth factor.
Am J Kidney Dis. 2005;46(5):938-48.

Makita Z, Radoff S, Rayfield EJ, Yang Z, Skolnik E,
Delaney V, et al. Advanced glycosylation end

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

E. J. Goffin and R. T. Krediet

products in patients with diabetic nephropathy.
N Engl J Med. 1991;325(12):836-42.

Schalkwijk CG, Posthuma N, ten Brink HJ, ter Wee
PM, Teerlink T. Induction of 1,2-dicarbonyl com-
pounds, intermediates in the formation of advanced
glycation end-products, during heat-sterilization of
glucose-based peritoneal dialysis fluids. Perit Dial
Int. 1999;19(4):325-33.

Combet S, Miyata T, Moulin P, Pouthier D, Goffin E,
Devuyst O. Vascular proliferation and enhanced
expression of endothelial nitric oxide synthase in
human peritoneum exposed to long-term peritoneal
dialysis. ] Am Soc Nephrol. 2000;11(4):717-28.
Kawanishi K, Honda K, Tsukada M, Oda H, Nitta
K. Neutral solution low in glucose degradation prod-
ucts is associated with less peritoneal fibrosis and
vascular sclerosis in patients receiving peritoneal dial-
ysis. Perit Dial Int. 2013;33(3):242-51.

Hamada C, Honda K, Kawanishi K, Nakamoto H,
Ito Y, Sakurada T, et al. Morphological characteristics
in peritoneum in patients with neutral peritoneal dial-
ysis solution. J Artif Organs. 2015;18(3):243-50.
Del Peso G, Jimenez-Heffernan JA, Selgas R,
Remon C, Ossorio M, Fernandez-Perpen A, et al.
Biocompatible dialysis solutions preserve peritoneal
mesothelial cell and Vessel Wall integrity. A case-
control study on human biopsies. Perit Dial Int.
2016;36(2):129-34.

Vlijm A, Van SJ, Lamers AB, Struijk DG, Krediet
RT. Imaging in encapsulating peritoneal sclerosis.
NDT Plus. 2011;4(5):281-4.

Stafford-Johnson DB, Wilson TE, Francis IR, Swartz
R. CT appearance of sclerosing peritonitis in patients
on chronic ambulatory peritoneal dialysis. J Comput
Assist Tomogr. 1998;22(2):295-9.

Tarzi RM, Lim A, Moser S, Ahmad S, George A,
Balasubramaniam G, et al. Assessing the validity of
an abdominal CT scoring system in the diagnosis of
encapsulating peritoneal sclerosis. Clin J Am Soc
Nephrol. 2008;3(6):1702—-10.

Vlijm A, Stoker J, Bipat S, Spijkerboer AM, Phoa SS,
Maes R, et al. Computed tomographic findings char-
acteristic for encapsulating peritoneal sclerosis: a
case-control study. Perit Dial Int. 2009;29(5):517-22.
Habib SM, Korte MR, Betjes MG. Lower mortality
and inflammation from post-transplantation encapsu-
lating peritoneal sclerosis compared to the classical
form. Am J Nephrol. 2013;37(3):223-30.

Lopes BD, Krediet RT. Current status and practical
use of effluent biomarkers in peritoneal dialysis
patients. Am J Kidney Dis. 2013;62(4):823-33.
Zemel D, Koomen GC, Hart AA, ten Berge 1J, Struijk
DG, Krediet RT. Relationship of TNF-alpha, interleu-
kin-6, and prostaglandins to peritoneal permeability
for macromolecules during longitudinal follow-up of
peritonitis in continuous ambulatory peritoneal dialy-
sis. J Lab Clin Med. 1993;122(6):686-96.
Pecoits-Filho R, Araujo MR, Lindholm B,
Stenvinkel P, Abensur H, Romao JE Jr, et al. Plasma



27

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Encapsulating Peritoneal Sclerosis

and dialysate IL-6 and VEGF concentrations are asso-
ciated with high peritoneal solute transport rate.
Nephrol Dial Transplant. 2002;17(8):1480-6.
Lambie M, Chess J, Donovan KL, Kim YL, Do JY,
Lee HB, et al. Independent effects of systemic and
peritoneal inflammation on peritoneal dialysis sur-
vival. J] Am Soc Nephrol. 2013;24(12):2071-80.
Krediet RT. Dialysate cancer antigen 125 concentra-
tion as marker of peritoneal membrane status in
patients treated with chronic peritoneal dialysis.
Perit Dial Int. 2001;21(6):560-7.

Ho-dac-Pannekeet MM, Hiralall JK, Struijk DG,
Krediet RT. Longitudinal follow-up of CA125 in
peritoneal effluent. Kidney Int. 1997;51(3):888-93.
Zweers MM, de Waart DR, Smit W, Struijk DG,
Krediet RT. Growth factors VEGF and TGF-betal in
peritoneal dialysis. J Lab Clin Med. 1999;134(2):
124-32.

Le Poole CY, Welten AG, Ter Wee PM, Paauw NJ,
Djorai AN, Valentijn RM, et al. A peritoneal dialysis
regimen low in glucose and glucose degradation
products results in increased cancer antigen 125 and
peritoneal activation. Perit Dial Int. 2012;32(3):
305-15.

Dawson S, Henney A. The status of PAI-1 as a risk
factor for arterial and thrombotic disease: a review.
Atherosclerosis. 1992;95(2-3):105-17.

Holmdahl L, Falkenberg M, Ivarsson ML, Risberg
B. Plasminogen activators and inhibitors in peritoneal
tissue. APMIS. 1997;105(1):25-30.

Lopes Barreto L, Coester AM, Struijk DG, Krediet
RT. Can effluent matrix metalloproteinase 2 and plas-
minogen activator inhibitor 1 be used as biomarkers
of peritoneal membrane alterations in peritoneal dial-
ysis patients? Perit Dial Int. 2013;33(5):529-37.
Sampimon DE, Korte MR, Barreto DL, Vlijm A, de
Waart R, Struijk DG, et al. Early diagnostic markers
for encapsulating peritoneal sclerosis: a case-control
study. Perit Dial Int. 2010;30(2):163-9.

Lopes Barreto D, Struijk DG, Krediet RT. Peritoneal
effluent MMP-2 and PAI-1 in encapsulating perito-
neal sclerosis. Am J Kidney Dis. 2015;65(5):748-53.
Lopes Barreto D, Sampimon DE, Struijk DG, Krediet
RT. Early detection of imminent encapsulating peri-
toneal sclerosis: free water transport, selected effluent
proteins, or both? Perit Dial Int. 2019;39(1):83-9.
Krediet RT, Struijk DG, Boeschoten EW, Koomen
GC, Stouthard JM, Hoek FJ, et al. The time course
of peritoneal transport kinetics in continuous ambula-
tory peritoneal dialysis patients who develop scleros-
ing peritonitis. Am J Kidney Dis. 1989;13(4):
299-307.

Sampimon DE, Coester AM, Struijk DG, Krediet
RT. Time course of peritoneal transport parameters
in peritoneal dialysis patients who develop peritoneal
sclerosis. Adv Perit Dial. 2007;23:107-11.
Sampimon DE, Coester AM, Struijk DG, Krediet
RT. The time course of peritoneal transport parame-
ters in peritoneal dialysis patients who develop

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

809

encapsulating peritoneal sclerosis. Nephrol Dial
Transplant. 2011;26(1):291-8.

Yamamoto R, Nakayama M, Hasegawa T, Miwako N,
Yamamoto H, Yokoyami K, et al. High-transport
membrane is a risk factor for encapsulating peritoneal
sclerosis developing after long-term continuous
ambulatory peritoneal dialysis treatment. Adv Perit
Dial. 2002;18:131-4.

Mujais S, Nolph K, Gokal R, Blake P, Burkart J,
Coles G, et al. Evaluation and management of ultra-
filtration problems in peritoneal dialysis. International
Society for Peritoneal Dialysis Ad Hoc Committee on
Ultrafiltration Management in Peritoneal Dialysis.
Perit Dial Int. 2000;20(Suppl 4):S5-21.

Rippe B, Stelin G. Simulations of peritoneal solute
transport during CAPD. Application of two-pore for-
malism. Kidney Int. 1989;35(5):1234-44.

Rippe B, Carlsson O. Role of transcellular water
channels in peritoneal dialysis. Perit Dial Int.
1999;19(Suppl 2):S95-101.

Nolph KD, Hano JE, Teschan PE. Peritoneal sodium
transport during hypertonic peritoneal dialysis. Phys-
iologic mechanisms and clinical implications. Ann
Intern Med. 1969;70(5):931-41.

Smit W, Struijk DG, Ho-Dac-Pannekeet MM, Krediet
RT. Quantification of free water transport in peritoneal
dialysis. Kidney Int. 2004;66(2):849-54.

Waniewski J, Debowska M, Lindholm B. Water and
solute transport through different types of pores in
peritoneal membrane in CAPD patients with ultrafil-
tration failure. Perit Dial Int. 2009;29(6):664-9.
Coester AM, Smit W, Struijk DG, Parikova A,
Krediet RT. Longitudinal analysis of peritoneal fluid
transport and its determinants in a cohort of incident
peritoneal dialysis patients. Perit Dial Int. 2014;34(2):
195-203.

Davies SJ. Longitudinal relationship between solute
transport and ultrafiltration capacity in peritoneal dial-
ysis patients. Kidney Int. 2004;66(6):2437—45.
Lambie ML, John B, Mushahar L, Huckvale C,
Davies SJ. The peritoneal osmotic conductance is
low well before the diagnosis of encapsulating peri-
toneal sclerosis is made. Kidney Int. 2010;78(6):
611-8.

Morelle J, Sow A, Hautem N, Devuyst O, Goffin
E. Ultrafiltration failure and impaired sodium sieving
during long-term peritoneal dialysis: more than
aquaporin dysfunction? Perit Dial Int. 2016;36(2):
227-31.

Vlahu CA, Krediet RT. Can plasma Hyaluronan and
hyaluronidase be used as markers of the endothelial
Glycocalyx state in patients with kidney disease? Adv
Perit Dial. 2015;31:3-6.

Moriishi M, Kawanishi H, Kawai T, Takahashi S,
Hirai T, Shishida M, et al. Preservation of peritoneal
catheter for prevention of encapsulating peritoneal
sclerosis. Adv Perit Dial. 2002;18:149-53.
Yamamoto T, Nagasue K, Okuno S, Yamakawa
T. The role of peritoneal lavage and the prognostic



810

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

significance of mesothelial cell area in preventing
encapsulating peritoneal sclerosis. Perit Dial Int.
2010;30(3):343-52.

Kasuga H. After peritoneal dialysis discontinuation:
when will we remove peritoneal dialysis catheter?
J Vasc Access. 2019;20(Suppl 1):31-4.

De Freitas D, Jordaan A, Williams R, Alderdice J,
Curwell J, Hurst H, et al. Nutritional management of
patients undergoing surgery following diagnosis with
encapsulating peritoneal sclerosis. Perit Dial Int.
2008;28(3):271-6.

El-Sherbini N, Duncan N, Hickson M, Johansson L,
Brown EA. Nutrition changes in conservatively
treated patients with encapsulating peritoneal sclero-
sis. Perit Dial Int. 2013;33(5):538-43.

Dejagere T, Evenepoel P, Claes K, Kuypers D,
Maes B, Vanrenterghem Y. Acute-onset, steroid-sen-
sitive, encapsulating peritoneal sclerosis in a renal
transplant recipient. Am J Kidney Dis. 2005;45(2):
e33-7.

Summers AM, Clancy MJ, Syed F, Harwood N,
Brenchley PE, Augustine T, et al. Single-center expe-
rience of encapsulating peritoneal sclerosis in patients
on peritoneal dialysis for end-stage renal failure. Kid-
ney Int. 2005;68(5):2381-8.

Eltoum MA, Wright S, Atchley J, Mason JC. Four
consecutive cases of peritoneal dialysis-related
encapsulating peritoneal sclerosis treated successfully
with tamoxifen. Perit Dial Int. 2006;26(2):203—6.
Korte MR, Fieren MW, Sampimon DE, Lingsma HF,
Weimar W, Betjes MG. Tamoxifen is associated with
lower mortality of encapsulating peritoneal sclerosis:
results of the Dutch multicentre EPS study. Nephrol
Dial Transplant. 2011;26(2):691-7.

Kawanishi H, Moriishi M, Ide K, Dohi
K. Recommendation of the surgical option for treat-
ment of encapsulating peritoneal sclerosis. Perit Dial
Int. 2008;28(Suppl 3):S205-10.

Kawanishi H, Shintaku S, Moriishi M, Dohi K,
Tsuchiya S. Seventeen years’ experience of surgical
options for encapsulating peritoneal sclerosis. Adv
Perit Dial. 2011;27:53-8.

Kawanishi H, Banshodani M, Yamashita M,
Shintaku S, Dohi K. Surgical treatment for encapsu-
lating peritoneal sclerosis: 24 Years’ experience. Perit
Dial Int. 2019;39(2):169-74.

Augustine T, Brown PW, Davies SD, Summers AM,
Wilkie ME. Encapsulating peritoneal sclerosis:

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

E. J. Goffin and R. T. Krediet

clinical significance and implications. Nephron Clin
Pract. 2009;111(2):c149-54.

Campbell R, Augustine T, Hurst H, Pararajasingam R,
Van DD, Armstrong S, et al. Anthropometrics identify
wasting in patients undergoing surgery for encapsu-
lating peritoneal sclerosis. Perit Dial Int. 2015;35(4):
471-80.

Latus J, Ulmer C, Fritz P, Rettenmaier B, Biegger D,
Lang T, et al. Encapsulating peritoneal sclerosis: a rare,
serious but potentially curable complication of perito-
neal dialysis-experience of a referral centre in Ger-
many. Nephrol Dial Transplant. 2013;28(4):1021-30.

Fieren MW, Betjes MG, Korte MR, Boer
WH. Posttransplant encapsulating peritoneal sclero-
sis: a worrying new trend? Perit Dial Int. 2007;27(6):
619-24. DOUBLON

Garosi G, Oreopoulos DG. No need for an “expiry
date” in chronic peritoneal dialysis to prevent encap-
sulating peritoneal sclerosis. Int Urol Nephrol.
2009;41(4):903-7.

Kawaguchi Y. No need for an “expiry date” in chronic
peritoneal dialysis to prevent encapsulating peritoneal
sclerosis: comments from around the world. Int Urol
Nephrol. 2010;42(1):239.

Lambie M, Teece L, Johnson DW, Petrie M,
Mactier R, Solis-Trapala I, et al. Estimating risk of
encapsulating peritoneal sclerosis accounting for the
competing risk of death. Nephrol Dial Transplant.
2019;34(9):1585-1591.

Cnossen TT, Smit W, Konings CJ, Kooman JP,
Leunissen KM, Krediet RT. Quantification of free
water transport during the peritoneal equilibration
test. Perit Dial Int. 2009;29(5):523-7.

Schaefer B, Bartosova M, Macher-Goeppinger S,
Sallay P, Voros P, Ranchin B, et al. Neutral pH and
low-glucose degradation product dialysis fluids
induce major early alterations of the peritoneal mem-
brane in children on peritoneal dialysis. Kidney Int.
2018;94(2):419-29.

Elphick EH, Teece L, Chess JA, Do JY, Kim YL, Lee
HB, et al. Biocompatible solutions and long-term
changes in peritoneal solute transport. Clin J Am
Soc Nephrol. 2018;13(10):1526-33.

Van Diepen ATN, Coester AM, Janmaat CJ, Dekker
FW, Struijk DG, Krediet RT. Comparison of longitu-
dinal membrane function in peritoneal dialysis
patients according to dialysis fluid biocompatibility.
Kidney Int Rep. 2020;5:2183-3194.



