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12 Abstract

13 Encapsulating peritoneal sclerosis (EPS) is the
14 most serious complication of long-term PD. In
15 this chapter a review will be given on risk
16 factors, EPS epidemiology, its pathology, path-
17 ogenesis, clinical manifestations, investiga-
18 tions, treatment, and prevention.

19Keywords

20Encapsulating peritoneal sclerosis · Peritoneal
21dialysis · Long-term peritoneal abnormalities ·
22Biocompatibility
23Encapsulating peritoneal sclerosis (EPS) is a rare,
24excessive fibrogenic reaction of the peritoneal
25membrane that leads to extensive peritoneal scle-
26rosis, bowel adhesions, and recurrent intestinal
27obstruction episodes. In most severe cases,
28bowel loops become totally encapsulated in a
29fibrotic cocoon responsible of intestinal occlu-
30sions, malnutrition, sepsis, and death [1–4].
31Though this entity affects a minority of patients
32on peritoneal dialysis (PD) ranging from 0.9% to
333.5%, it constitutes its most severe and devastat-
34ing complication with reported mortality rates as
35high as 50% [2].
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36 Risk Factors

37 EPS is a multifactorial condition of unknown
38 origin that has been described in association
39 with, or as a consequence of, various pathological
40 conditions, like intra-abdominal neoplasias, liver
41 cirrhosis, hepatic transplantation, auto-immune
42 disorders, and peritoneal tuberculosis [5]. PD
43 duration is probably the most important risk factor
44 in PD patients: EPS has rarely been reported to
45 occur before 3 years on PD and its prevalence
46 progressively increases with the duration of PD
47 [1, 2, 6–9]. Other conditions associated with EPS
48 development in PD patients have been summa-
49 rized extensively in [10] and include the following
50 items: (1) chlorhexidine, which was used in the
51 1980s as chemical antiseptic agent to sterilize
52 tubing connections; (2) cumulative glucose expo-
53 sure and the use of bioincompatible PD fluids;
54 (3) younger age, probably as the consequence of
55 a lower competing risk of death and/or because
56 younger patients have highly active repair capac-
57 ity of damaged tissue; (4) peritonitis episodes,
58 although a number of studies failed to show this
59 [9, 11, 12], and EPS has been described in patients
60 without any peritonitis episode; (5) β-blockers
61 such as practolol in the 1970s, and immunosup-
62 pressive pro-fibrotic agents, like calcineurin
63 inhibitors. The latter have been shown to induce
64 peritoneal fibrosis in a rat model [13] and also
65 when given in renal transplant recipients [2]. In
66 up to 50% of cases, EPS develops or symptomat-
67 ically progresses after PD discontinuation [1, 2,
68 8, 14]. Although the clinical manifestations are
69 often less severe, it contributes to the mortality in
70 patients with a kidney transplantAU2 [15].

71 Epidemiology of EPS

72 Initially based on local case-report descriptions or
73 on short series from various centers [16, 17], EPS
74 epidemiology currently relies on multicenter or
75 national registry cohorts [7, 8, 18]. Most of cur-
76 rent knowledge comes from Japanese patients,
77 probably because they often remain on PD for
78 long durations [6]. Kawanishi et al. reported an
79 EPS incidence of 0.7% after 5 years, 2.1% after

808 years, 5.9% after 10 years, and 17.2% after
8115 years on PD, respectively [6]. EPS occurred
82in 33 out of 7618 patients from the ANZDATA
83registry, in which patients have been assessed
84across 4 consecutive periods, ranging from 1995
85to 2007, giving an incidence of 1.8 per 1000
86patient-years. Cumulative incidences at 3, 5, and
878 years were 0.3, 0.8 and 3.9%, respectively [1]. A
88progressive increase in the cumulative risk of
89developing EPS was found in the Scottish Regis-
90try after 3.5 years since the first exposure to PD,
91reaching a cumulative incidence of 8.1% at
928 years [7]. Noteworthy, 11% of the EPS cases
93reported in the Pan-Thames EPS study occurred in
94patients who had been on PD for less than 3 years
95[19]. An explanation might be that the diagnosis
96was largely based on CT scans, interpreted by
97various radiologists. Altogether, the reported
98prevalence of EPS varies between 0.4% and
998.9%, the incidence rate between 0.7 and 13.6
100per 1000 patient-years, and the risk of occurrence
101after 5 years on PD between 0.6 and 6.6%
102[reviewed in 8]. The variability observed among
103EPS incidence worldwide could be accounted for
104by still-unknown individual genetic polymor-
105phism predispositions in pro-fibrotic genes, local
106differences in microorganisms causing peritonitis,
107and/or in PD management, for instance the glu-
108cose3 load AU3or the use of biocompatible PD fluids.
109It is remarkable in this context that no single EPS
110case had been reported to the ANZDATARegistry
111between 2004 and 2007; an observation ascribed
112to the systematic use of biocompatible dialysis
113fluids [1]. Alternatively, methodological biases,
114such as inadequate reporting or lead time biases
115regarding PD exposure, could explain why EPS
116incidence is so variable in the different studies [8].
117More recent data support the Australian and
118New Zealand observation that EPS incidence is
119currently decreasing over time, though the exact
120reason for this still remains speculative. Using a
121multidisciplinary approach, including the use of
122biocompatible solutions from the initiation of
123dialysis, the concomitant use of icodextrin,
124and/or the PD and hemodialysis combination ther-
125apy that is increasingly advocated in long-term
126PD, Japanese authors recently found an overall
127EPS incidence rate of 1.0%: it was 0.3% for PD
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128 less than 3 years, 0.6% for PD up to 5 years, 2.3%
129 for PD up to 8 years, and 1.2% for PD more than
130 >8 years. These incidences are much lower than
131 those previously described in Japan [20]. A
132 remarkable sixfold decrease in EPS yearly inci-
133 dence from 0.85% in 2009 to 0.14% in 2014 has
134 also been found in the Dutch PD population [21].
135 Similar observations have been reported in Span-
136 ish, German, and Australian studies [8]. These
137 data will need to be confirmed in the near future.

138 Pathology Description

139 The macroscopic appearance of the peritoneum of
140 EPS patients exhibits specific characteristics. It
141 appears tanned, thickened, and brown, with a
142 leathery appearance [4, 16]. In contrast, the micro-
143 scopic changes are not really specific and are
144 comparable with those described in long-term
145 PD patients. Prolonged exposure to PD solutions,
146 with repetitive episodes of peritonitis, causes
147 damage to the peritoneal membrane, sometimes
148 accompanied by inflammation [22–25]. Perito-
149 neal damage consists of denudation of the meso-
150 thelial cell layers, submesothelial fibrosis,
151 neo-angiogenesis, and vasculopathy. Those
152 abnormalities are also similarly present in the
153 peritoneum of EPS patients. Some specific abnor-
154 malities, like the presence of fibroblast-like cells
155 in the interstitial tissue, tissue deposits of fibrin
156 and iron, and positive immunostaining for
157 podoplanin, a membrane glycoprotein, have
158 been reported in EPS patients [3]. The interstitium
159 may also contain lymphocytes, especially
160 T-helper cells [26, 27]. In another recent analysis,
161 a series of peritoneal biopsies from EPS and an
162 appropriately-matched cohort of long-term PD
163 patients with similar time on PD and no EPS
164 were compared to describe more subtle patholog-
165 ical changes in the peritoneal membrane of the
166 EPS patients [28]. Markers of vasculopathy like
167 eNOS and VEGF were significantly enhanced in
168 EPS patients compared to uremic and control
169 patients. An impressive finding was the 4.7-fold
170 increase in the thickness of the submesothelial
171 area in the EPS patients compared with the 1.9-
172 fold in control PD patients. Using polarized light

173microscopy, the authors demonstrated qualitative
174changes in the fibrotic submesothelial tissue com-
175position of EPS patients, with increased collagen
176density compared to the uremic and control PD
177patients. This increased density of collagen fibers
178was mainly caused by the accumulation of thick
179collagen-1 fibers, while the contribution of thinner
180collagen-3 fibers was not different between the
181groups. This is illustrated in Fig. 1. Collagen-1 is
182involved in wound healing and scar formation;
183collagen-3 accumulates in uremia [29]. These
184alterations in collagen matrix within the peritoneal
185tissue may be reflected in some functional abnor-
186malities, because collagen binds water [30].

187Pathogenesis of EPS

188The morphological changes in peritoneal tissue
189that can develop during the time course of PD in
190individual patients have been described in the
191above part and include the mesothelium, the
192blood vessels, and the interstitium. Long-term
193exposure to unphysiological, or bioincompatible,
194dialysis solutions is the most important culprit [9],
195irrespective of the dialysis modality [31]. The
196percentage of long-term patients that develop
197marked morphological changes is unknown,
198because routine peritoneal biopsies and longitudi-
199nal follow-up biopsies have never been performed
200in adult patients for obvious reasons. Yet it is
201evident that only a very limited number of long-
202term patients develop EPS. This is the reason that
203the second hit theory has been ensued [32], in
204which an acute event like a severe peritonitis
205episode in a patient with an already damaged
206peritoneum triggers the clinical manifestations of
207EPS, the so-called transition from simple sclerosis
208to encapsulating peritoneal sclerosis [33]. Not
209only acute peritonitis, but also chronic inflamma-
210tion could be a trigger for the transition to EPS.
211This is supported by the presence of activated
212T-cells in the interstitium [34] and the expression
213of several growth factors [35].
214Epithelial-to-mesenchymal transition of meso-
215thelial cells (EMT) has been described in PD
216patients [36]. It is characterized by the presence
217of cytokeratin positive fibroblast-like cells in the
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218 submesothelial stroma. EMT is an early event that
219 can occur in up to one third of the patients in the
220 second year of PD [37] and is associated with high
221 effluent concentrations of vascular endothelial
222 growth factor (VEGF) and the mesothelial cell
223 marker cancer antigen 125 (CA 125) [38]. It has
224 been suggested that EMTwould predict the long-
225 term changes in the peritoneal tissues, but this has
226 never been substantiated due to the lack of follow-
227 up peritoneal biopsies.
228 The relationship between the duration of PD
229 and EPS points to a role of the dialysis solution in
230 its pathogenesis. The conventional dialysis solu-
231 tions are not ideally biocompatible, mainly

232because of the extremely high glucose concentra-
233tions and the presence of glucose degradation
234products. The continuous contact between glu-
235cose and proteins leads to the formation of glyco-
236sylation end products (AGEs) [39], a process that
237is probably enhanced by the presence of glucose
238degradation products [40]. Indeed, AGEs have
239been demonstrated submesothelially and peri-
240vascular in peritoneal tissue of long-term PD
241patients [41]. This may explain why the use of
242glucose-based dialysis solutions with a low con-
243tent of glucose degradation products is associated
244with better preservation of the peritoneum
245[42–44]. Although no final proof is available, it
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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

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
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246 may well be that the decreasing incidence of EPS
247 in some parts of the world is related to the exclu-
248 sive use of biocompatible dialysis solutions.

249 Clinical Manifestations

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

259 Investigations

260 A CT scan is currently the most appropriate imag-
261 ing technique when EPS is suspected [45]. It
262 should preferably be done with a dialysate-filled
263 peritoneal cavity and intravenous contrast, taking
264 precautions for the prevention of contrast
265 nephropathy in the presence of residual urine pro-
266 duction. Peritoneal calcifications, thickening,
267 fluid loculation, and tethering of small bowel
268 loops can be present [46]. An example is given
269 in Fig. 2. Using a severity scoring system, a
270 marked difference was found between EPS and
271 control PD patients without this complication, but
272 no or only mild abnormalities were present before
273 the occurrence of clinical symptoms [47]. There-
274 fore, CT scanning cannot be used for screening.
275 Using a case-control approach in 15 EPS patients,
276 6 hallmarks for EPS could be defined: peritoneal
277 enhancement, bowel wall thickening, calcifica-
278 tions, adhesions of bowel loops, obstruction, and
279 signs of fluid loculation/septation. A positive
280 score for three out of the six items in contrast-
281 enhanced CT had a sensitivity of 100% and a
282 specificity of 94% for EPS, when judged by expe-
283 rienced radiologists [48]. A CT scan should also
284 be made to exclude other causes of bowel
285 obstruction.
286 Some EPS patients have an elevated plasma
287 CRP [49], but this is not always the case.

288Investigation of peritoneal effluent is more useful.
289A review of the various locally produced proteins
290and peptides that reflect the status of the perito-
291neum is given in ref. [50]. Interleukin-6 (Il-6) is a
292pleiotropic cytokine, produced by various cell
293types, including T-cells, activated macrophages,
294fibroblasts, mesothelial cells, and vascular endo-
295thelial cells. Effluent concentrations are usually
296higher than plasma concentrations. Effluent IL-6
297is markedly increased during the acute phase of
298peritonitis [51], while some augmentation is pre-
299sent during minor peritoneal inflammation as
300defined by high peritoneal solute transport rates
301[52, 53]. Cancer antigen 125 (CA 125) is a high-
302molecular-weight glycoprotein, locally produced
303in the peritoneal cavity by mesothelial cells. Efflu-
304ent CA 125 represents mesothelial cell mass or
305turnover [54]. It decreases with PD duration [55].
306Vascular endothelial growth factor (VEGF) is a
307locally secreted glycoprotein in peritoneal fluid
308that is related to peritoneal solute transport in
309cross-sectional analyses [56]. Concentrations are
310higher with the use of biocompatible dialysis solu-
311tions [57]. Plasminogen activator inhibitor-1
312(PAI-1) is a glycoprotein produced by endothelial
313and smooth muscle cells [58] and extensively
314present in peritoneal submesothelial tissue [59].
315Effluent PAI-1 is related with solute transport and
316increases with PD duration [60]. A retrospective
317analysis of 11 patients who developed EPS after a
318median PD duration of more than 8 years and in
319whom previous data on peritoneal transport and
320effluent biomarkers was available showed lower
321values of CA 125, higher values for Il-6, and no
322difference for VEGF compared to a control group
323[61]. A subsequent analysis in the same patients
324showed an increase of effluent PAI-1, which
325started 3 years before the diagnosis of EPS [62].
326The discriminative ability of PAI-1 assessed at
3271 year before the clinical diagnosis was high,
328with an area under the receiver operating charac-
329teristic curve (ROC) of 0.76. This value is greater
330than those for CA 125 (0.63), Il-6 (0.62), and
331VEGF (0.68) [63]. The ROC value of 0.76 for
332PAI-1 was reflected in a high sensitivity and a
333moderate specificity for the diagnosis of EPS
334within 1 year.
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335 Poor ultrafiltration (UF) is usually present in
336 EPS patients. This is especially the case for crys-
337 talloid osmosis-induced UF, which becomes pro-
338 gressively impaired [64]. Small solute transport
339 including the absorption of glucose is fast in the
340 majority of patients, but not progressively [17,
341 64–67]. Ultrafiltration failure (UFF) reflects peri-
342 toneal membrane abnormalities and should be
343 distinguished from overhydration. Patients may
344 become overhydrated for various reasons, UFF
345 is one of them. Therefore, the 3x4 rule has been
346 developed: UFF ¼ netUF<400 mL after a 4 h
347 dialysis dwell with a 4% (3.86/4.25) glucose-
348 based dialysis solution. This definition was
349 adopted by the International Society of Peritoneal
350 Dialysis [68]. Using the above criterion in the
351 longitudinal follow-up of 417 incident PD
352 patients, UFF developed in 12%, but EPS in
353 only 3% [66].
354 Transcapillary ultrafiltration occurs by two
355 pathways: the small inter-endothelial pores and
356 the intra-endothelial water channel aquaporin-1
357 (AQP-1). The latter has a radius of ~5 Å, which
358 only allows transport of water without that of
359 solutes, so-called free water transport (FWT)
360 [69]. The magnitude of transcellular FWT is
361 almost completely dependent on the crystalloid
362 osmotic pressure gradient and may account for

363almost 50% of total ultrafiltration achieved with
364a 3.86/4.25% glucose-based dialysis solution in
365mathematical models, like the three-pore model
366[70]. AQP-1 also explains the sieving of sodium,
367the well-known phenomenon that dialysate
368sodium decreases with glucose-induced ultrafil-
369tration [71]. In contrast, small pore fluid transport
370(SPFT) is to a large extent dependent on the
371hydrostatic pressure gradient. Both transport path-
372ways, SPFT and FWT, can be assessed in individ-
373ual patients by sodium kinetics [72]. Mean values
374for FWT during the first hour of a dialysis dwell of
37535% of total UF have been reported using this
376technique, but with a very large interindividual
377variation [72, 73]. Longitudinal follow-up of
378138 incident PD patients showed decreases in
379FWTand SPFTafter 4 years of PD [74]. However,
380the FWT decrease was much more severe in EPS
381[28, 66]. Compared to time-matched controls with
382UFF, no other fluid transport parameter was sig-
383nificantly different, including net UF, osmotic
384conductance, ultrafiltration coefficient, and the
385reflection coefficient. The possibility of a reduced
386osmotic conductance in long-term patients with
387UFF has been mentioned as an explanation for the
388dissociation between solute and fluid transport,
389but the osmotic conductance was not measured
390[75]. The same applies for the hypothesized
391impaired osmotic conductance in EPS [76]. Free
392water transport was not assessed in these studies.
393All patients had a normal AU4expression of AQP-1
394[28], which suggests that filtered water, but not its
395soluble contents like electrolytes and glucose, is to
396some extent bound to constituents of the
397interstitium, like collagen or the interstitial matrix,
398that contains large quantities of hyaluronan, a very
399hydrophilic glycosaminoglycan [77, 78]. What-
400ever the cause, FWT has a very high predictive
401value for the clinical diagnosis of EPS in 1 year:
402the area under the ROC curve was 0.94, the sen-
403sitivity of FWT < 75 mL was 100%, and the
404sensitivity 81% in the only published study on
405this issue [63], as shown in Fig. 3. Addition of a
406dialysate PAI-1 appearance rate >8.5 ng/min
407increased the specificity to 94%. It should be
408realized that the quantitative information is from
409the only published study prediction of EPS and
410awaits confirmation by others.

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
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411 Treatment

412 It is commonly accepted that, in the presence of
413 suspected or presumed EPS diagnosis, PD should
414 be stopped with the transfer of the patient to
415 hemodialysis. Unfortunately, as previously men-
416 tioned, EPS may also develop or worsen after PD
417 withdrawal. This has led Japanese authors to
418 advocate leaving the PD catheter in place to initi-
419 ate regular peritoneal lavage after the patient had
420 been switched to hemodialysis in order to remove
421 pro-inflammatory cytokines, fibrin, fibrin clots,
422 and fibrin degradation products; i.e., products
423 suspected to mediate the peritoneal fibrotic pro-
424 cess [79–81]. Though there are no controlled stud-
425 ies on this topic, such a policy has also recently
426 been implemented in some European centers.
427 Because EPS is associated with high mortality
428 rates up to 50% in the majority of series [3, 4],
429 different interventional strategies have been pro-
430 posed; they include parenteral nutritional support,
431 specific drugs initiation, and surgery.
432 Reduced nutritional intake related to intestinal
433 symptoms and persistent acute phase response
434 lead to severe energy calorie and proteins wasting
435 in EPS patients. Nutritional advices and monitor-
436 ing are therefore mandatory, and parenteral sup-
437 port is often required to prevent malnutrition in
438 patients unable to tolerate adequate oral intake or
439 nasojejunal feeding [3, 4, 82]. In some but not allAU5

440 series, parenteral nutrition improved digestive
441 symptoms, increase weight and serum albumin

442concentration, and decrease CRP level, but also,
443the general prognosis of EPS patients [17, 81, 83].
444Several drug therapies have been associated
445with improvement in EPS condition; they include
446corticosteroids, tamoxifen, immunosuppressive
447agents, and angiotensin II blockers. Steroids, at a
448dosage of 0.5–1 mg/kg bw, with progressive
449tapering within 6 months, have been advocated
450because of their anti-inflammatory properties
451[84]. Tamoxifen, by analogy with its efficacy in
452retroperitoneal fibrosis, has also been tried in
453some patients with discordant results [85–87].
454Some case reports describing the efficacy of
455immunosuppressive agents, like azathioprine,
456mycophenolate mofetil, or a switch from
457calcineurin inhibitors to sirolimus in post-renal
458transplant EPS, or angiotensin II blockers, have
459also been reported. However, those data are too
460anecdotic to strongly recommend their utilization
461in the management of EPS [8]. It is indeed diffi-
462cult to believe that a pharmaceutical agent could
463revert EPS symptomatology once the bowels are
464completely encapsulated in a cocoon. That is the
465reason why early corticosteroids prescription in
466patients in whom a diagnosis of EPS is suspected
467should be strongly recommended.
468Surgery, initially contra-indicated because of
469its related morbidity and mortality rates, is now
470widely recommended in selected cases, i.e., EPS
471patients in whom nutritional status has been
472corrected and corticosteroids dosage tapered to a
473minimal dose. Successful surgical results had
474repeatedly been reported from Japanese centers.

Fig. 3 Diagnostic
accuracy measures are
depicted for quantity of
FWT0–60, CA
125 appearance rate (AR),
Il-6 AR, PAI-1 AR, and
VEGFAR. 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
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475 The surgery consists of an enterolysis, i.e., a
476 decortication of the fibrous peritoneal mem-
477 branes, relief of localized intestinal stenosis with
478 balloon dilatation after enterolysis, and preven-
479 tion of re-obstruction recurrence by localized
480 intestine suture (the Noble plication procedure),
481 while avoiding inadvertent bowel perforation.
482 By-pass between the jejunum and large intestine
483 or ileum is often required [86–88]. Post-operative
484 mortality may reach up to 6%. Similar techniques
485 have also been initiated in the UK and Germany in
486 specialized surgical teams [89–91]. Mortality
487 rates in the long term are reduced in operated
488 patients from ~50% in patients without surgery
489 to ~30 after an operation, but high morbidity and
490 relapse rates have been reported.

491 Prevention

492 Currently no definitive criteria exist that enable
493 detection of early stage of EPS. But, as EPS inci-
494 dence increases with time on PD, markedly after
495 4–5 years of treatment, the question has been
496 raised if PD should be discontinued
497 pre-emptively in patients after some years, espe-
498 cially in those awaiting transplantation [85, 94].
499 This view was strongly opposed by many well-
500 known nephrologists [95, 96], especially because
501 a majority of PD patients will not develop EPS
502 and EPS may become manifest after discontinua-
503 tion of PD. Recently published results from the
504 ANZDATA and Scottish registry are also support-
505 ive for not setting an expiry date, because the
506 estimated risk of developing EPS with the dura-
507 tion of PD appears to be country-specific and
508 much smaller when the competing risk of death
509 was taken into account, instead of the
510 Kaplan–Meier approach [97].
511 No predictive models are currently available to
512 predict the risk of EPS from baseline. A better
513 understanding of the early stages of EPS would
514 therefore help to identify patients at risk and estab-
515 lish prevention strategies. Who are the patients
516 at-risk to develop EPS? Probably those who
517 develop a fast solute transport status with
518 impaired ultrafiltration, although the percentage
519 of them is very small. But it justifies yearly

520assessment of peritoneal function using a modi-
521fied peritoneal equilibration test (PET), performed
522with a 3.86/4.25% glucose-based dialysis solution
523and a dialysate and blood sample after 1 h [68].
524The test provides information on D/P creatinine,
525net UF, and sodium sieving. When this PET is
526augmented with temporary drainage after 1 h for
527volume assessment by weight, followed by rein-
528fusion, FWTcan also be calculated [98]. Although
529based on a limited number of patients, FWT had a
530very high area under the receiver operating char-
531acteristic curve for the clinical diagnosis of EPS
532within 3 years [63].
533Other strategies for EPS prevention have been
534recommended; they include, first, glucose-load
535minimization by the use of loop diuretics if appro-
536priate, and alternative osmotic agents to glucose,
537such as amino acids and icodextrin, and second,
538prescription of the so-called more
539biocompatible-physiological new glucose-based
540dialysate solutions [1, 4, 8, 18, 21]. Two cross-
541sectional morphological analyses have been
542published in adult patients comparing dialysis
543with a conventional solution with a biocompatible
544one [42, 44]. Both reported less vasculopathy and
545fibrosis in those treated with the biocompatible
546solution. In contrast, peritoneal abnormalities
547were present in children on biocompatible solu-
548tions, but the source of the solution was not
549reported and may have been different [100]. The
550global fluid study focused on differences in the
551time course of D/P creatinine reported stable
552values on the biocompatible solution, in contrast
553with the rise in those treated with conventional
554solutions [100]. FWT in patients treated with the
555biocompatible solution showed a small, not sig-
556nificant decline during follow-up [101]. It is spec-
557ulative if the decreasing incidence of EPS reported
558in some countries can be explained by the larger
559number of patients treated with biocompatible
560dialysis fluids [1, 8, 20, 21]. According to our
561current knowledge of the pathogenesis of EPS,
562the best prevention is probably the replacement
563of conventional dialysis solutions by the biocom-
564patible ones, including icodextrin. Yearly moni-
565toring of peritoneal function including
566ultrafiltration and free water transport when
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567 possible should identify patients at risk for EPS
568 development.
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