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La Peritonite Sclerosante Incapsulante (EPS)



Sclerosi Peritoneale

SS EPS

SS = Simple Sclerosis EPS = Encapsulating
Peritoneal Sclerosis

Due stadi della stessa patologia?

Due entità nosologiche separate?



Frequenza
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Garosi G et al, Semin Dial 2000;13:297
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prevalenza 50 – 100 %

(dopo 6 – 24 mesi di DP)

SS EPS
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prevalenza 0.5 – 2.8 %

incidenza 0 – 4.3/1,000 anni paziente



Simple Sclerosis is a thin (<40-50 micron) layer of submesothelial sclerotic tissue often limited to 
certain peritoneal areas, with monotonous histology Garosi G, Di Paolo N J Nephrol 2001;14(S4):S30-38







Riproducibilità in modelli animali

SS EPSX
SI mediante dialisi
NO senza dialisi
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NO mediante dialisi
SI senza dialisi
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spontanei
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Lee HG et al, Clin Exp Immunol 1995;100:139-144
Stabellini G et al, Int J Artif Organs 1998;21:87-94



Eziologia

SS
Scarsa biocompatibilità della DP
- genti osmotici
- iperosmolarità
- basso pH
- tampone
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Eziologia
EPS

Nomoto Y et al, Am J Kidney Dis 1996;28:420
Afthentopoulos IE et al,Adv Renal Rep Ther 1998;5:157
Rigby RJ et al, Nephrol Dial Transplant 1998;13:154
Garosi G et al, Semin Dial 2000;13:297
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Sconosciuta, solo fattori di rischio:
durata della DP
alti trasportatori
scarsa biocompatibilità della DP
glucosio, pH, tampone, disinfettanti, catetere,
filtri, plastiche, plasticizzanti
peritonite



Eziologia

Nomoto Y et al, Am J Kidney Dis 1996;28:420
Afthentopoulos IE et al,Adv Renal Rep Ther 1998;5:157
Rigby RJ et al, Nephrol Dial Transplant 1998;13:154
Garosi G et al, Semin Dial 2000;13:297
Kawaguchi Y et al, Perit Dial Int 2000;20(S4):S43-S55

Forme DP-indipendenti:
β-bloccanti
associazione con tumori

cancro gastrico, tecoma ovarico, teratoma ovarico, carcinoma del pancreas, poliposi multipla,
linfoma isticitico, carcinoma renale

forme idiopatiche
patogenesi immune

associazione con interessamento generale del tessuto connettivo

predispositione genetica
elevata frequenza nelle donne di aree subtropicali
Familial Multifocal Fibrosclerosis (Comings, 1967)

EPS



EPS: patogenesi
Accettazione della two-hit hypotesis:
Simple Sclerosis e EPS
come entità nosologiche diverse



EPS: diagnosi

TC (scarso valore altre metodiche di imaging)
anatomia patologica

clinica



EPS: diagnosi

TC (scarso valore altre metodiche di imaging)
anatomia patologica

clinica



nessuna manifestazione clinica
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SS



Manifestazioni cliniche
diminuita efficienza della DP
anoressia, nausea, vomito
diarrea, costipazione
Distensione addominale
febbre
perdita di peso
dolore addominale
effluente emorragico
ascite
masse addominali palpabili
ostruzione intenstinale incompleta o completa

Nomoto Y et al Am J Kidney Dis 1996;28:420
Rigby RJ et al, Nephrol Dial Transplant 1998;13:154
Afthentopoulos IE et al, Adv Ren Replace Ther 1998;13:221
Krediet RT et al, Perit Dial Int 2000;20(S4):S22-S42
Garosi G et al, Semin Dial 2000;13:297
Kawaguchi Y et al, Perit Dial Int 2000;20(S4):S43-S55

EPS

mortalità
> 50% 



EPS: diagnosi

TC (scarso valore altre metodiche di imaging)
anatomia patologica

clinica



Results: Inter-rater agreement was moderate to very good (kappa  0.40 to 0.75) 
for peritoneal calcification, bowel distribution, bowel wall thickening, and bowel
dilation but poorer for loculation of ascites and peritoneal thickening. There
was a strongly significant difference between the total CT scan scores at EPS 
diagnosis and controls (P < 0.00001). Each individual parameter also showed
significant differences between EPS and controls (P < 0.006). Bowel tethering
and peritoneal calcification were the most specific parameters, and loculation
was the least discriminatory parameter. Interestingly, prediagnostic scans a 
median of 1.5 yr before EPS diagnosis were normal or near-normal in 9 of 13 
EPS patients.
Conclusions: CT scanning is a valid and reliable adjunct to the diagnosis of 
EPS but may not be useful as a screening tool, as the prediagnostic scans did
not show abnormalities in many patients who subsequently developed EPS.

Number of patients:
27 EPS + 35 controls



Results: We included 15 EPS patients and 16 
controls. Observer 1 found 6 CT findings that were
significantly more often present in EPS than in 
controls (p<0.05): peritoneal enhancement, 
thickening, and calcifications; adhesions of bowel
loops; signs of obstruction; and fluid
loculation/septation. Observer 2 scored almost
identically but Observer 3 scored differently. The 
sensitivity and specificity of a combination of 
specific CT findings were, respectively, 100% and 
94% for Observers 1 and 2, and 79% and 88% for 
Observer 3.
Conclusion: CT scans showed characteristic
abnormalities that were significantly more often
present in EPS patients compared to long-term PD 
control patients. CT can be used to confirm the 
diagnosis of EPS when experienced radiologists
apply a combination of specific CT findings.



Results: All 30 patients had highly
predictive CT scores for EPS. The 
macroscopic Type III had significantly
higher CT scores compared with the 
other macroscopic phenotypes. Patients
with macroscopic Type I had significantly
higher C-reactive protein values
compared to EPS Type III. Operation
time was significantly longer, and 
repeated surgery and intraoperative
complications were more frequent in 
EPS Type I compared with EPS Type III 
(P<0.05). Using the CT score and CRP 
level, the sensitivities for prediction of 
EPS I and III were 78% and 87% with 
corresponding specificities of 67% and 
93%.



Suggerimenti per la effettuazione di TC per EPS:
- sezioni sottili
- alta energia
- distensione ileale con macrogol (1 litro)
- addome pieno















EPS: diagnosi

TC (scarso valore altre metodiche di imaging)
anatomia patologica

clinica



Results: The following findings
were significantly more common 
in EPS than in patients on PD 
without EPS: fibroblast like cells
(FLC) (p<0.0001), mesothelial
denudation (p<0.0001), 
decreased cellularity (p = 0.008), 
fibrin deposits (p<0.03), Fe 
deposits (p = 0.05), podoplanin
vascular (p < 0.0001), podoplanin
avascular (p < 0.0001). Using all
predictor variables we trained the 
classification method Random 
Forest to categorize future cases. 
Podoplanin vascular and 
avascular were taken together (p
<0.0001), FLC (p <0.0001), 
mesothelial denudation (p = 
0.0005), calcification (p = 0.0026), 
acellular areas (p = 0.0094), and 
fibrin deposits (p = 0.0336) 
showed up as significantly
important predictor variables. 
Estimated misclassification error
rate when classifying new cases
turned out to be 14%.

Number of cases: 31 EPS + 27 PD controls
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two-hit 
hypothesis



The pathology of EPS is different to progressive membrane 
fibrosis which does not inevitably progress to EPS and it
should be emphasized that length of time on treatment 
remains the strongest risk factor. It is also important to take 
competing risks of death into account when assessing EPS 
risk, as older, more comorbid individuals are far more likely to 
die from non-EPS causes.



Encapsulating peritoneal sclerosis is a rare condition. There is no evidence to withhold PD 
as a treatment option because of fear of development of EPS. There is insufficient
evidence to support a single rule about optimal length of time on PD to avoid the risk of 
EPS. 
Each long-term patient needs to be considered individually, taking into account the 
following factors:
1. Age and prognosis of patient;
2. Length of time on PD; 
3. Quality of PD (dialysis adequacy, ultrafiltration, peritonitis frequency);
4. Access to and suitability for transplantation;
5. Potential risk of HD in the particular patient (hemodynamic stability, vascular access);
6. Quality of life of the patient.
All these items should be discussed and any decision arrived at by shared decision-
making.
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Guideline 3: Recognizing low UF capacity: This is easy to measure and a valuable
screening test. Insufficient UF should be suspected when either (a) the net UF from a 4-
h PET is <400 ml (3.86% glucose/4.25% dextrose) or <100 ml (2.27% glucose /2.5% 
dextrose), (GRADE 1) and/or (b) the daily UF is insufficient to maintain adequate fluid
status. (practice point) Besides membrane dysfunction, low UF capacity can also result
from mechanical problems, leaks or increased fluid absorption across the peritoneal
membrane not explained by fast PSTR.

Guideline 4a: Diagnosing intrinsic membrane dysfunction (manifesting as low osmotic
conductance to glucose) as a cause of UF insufficiency: When insufficient UF is
suspected, the 4-h PET should be supplemented by measurement of the sodium dip at 1 
h using a 3.86% glucose/4.25% dextrose exchange for diagnostic purposes. A sodium
dip 5 mmol/L and/or a sodium sieving ratio 0.03 at 1 h indicates UF insufficiency. 
(GRADE 2B)





The sodium dip is effectively lost in the presence of severe UF insufficiency and a 
progressive decline in the sodium dip over some years is a better discriminator for 
subsequent UF failure than the longitudinal change in PSTR. In several studies, the 
progressive reduction in the sodium dip was also a better discriminator of those patients
who were more likely to go on to develop EPS. These studies identified a sodium dip 5 
mmol/L or a sodium sieving ratio of <0.03 as high risk for EPS.

A progressive and excessive decline in OCG (e.g. loss of sodium sieving or sodium dip) 
might be used as an independent predictor for the risk of EPS.



A number of candidate biomarkers have been identified but to date 
these are not sufficiently discriminatory to inform clinical decision-
making. Reliable biomarkers will require external validation and the 
development of reliable prognostic models.
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Patients: 23 + 23

Results: A total of 56.5% of SG patients showed total or 
partial preservation of mesothelial cells monolayer, in 
contrast with 26.1% of patients in CG (p = 0.036). 
Peritoneal fibrosis was not significantly less frequent in 
SG patients (47.8% SG vs 69.6% CG; p = 0.13). In 
patients without previous peritonitis, a significantly lower
prevalence of fibrosis was present in SG patients (41.7% 
SG vs 77.8% CG; p = 0.04). Hyalinizing vasculopathy
(HV) was significantly lower in SG (4.3% SG vs 30.4% 
CG; p = 0.02). Cytokeratin-positive fibroblast-like cells
were detected in 10 patients (22%), but the prevalence
was not significantly lower in SG. In the univariate
regression analysis, the use of biocompatible solutions
was associated with mesothelial monolayer integrity (p = 
0.04) and an absence of vasculopathy (p=0.04). 





Based on the clinical experiences in Japan, conventional acidic PD solutions were hypothesized to be primary drivers of peritoneal membrane damage in 
patients undergoing PD therapy. The presence of GDPs in such PD solutions, and the associated production of AGEs in the peritoneal membrane, are thought
to play a major role in the etiology of peritoneal damage (PS) in such cases. Empirical results, epidemiology, and histological analysis all indicate that low-GDP 
neutral PD solutions help to preserve peritoneal membrane integrity during PD, thereby lessening the risk of development of EPS.
For cases treated using a neutral PD solution, the induction of peritoneal damage by the PD solution appears to have been lessened.
Instead, peritonitis is now considered a risk factor for EPS.
One hypothesis has been considered that EPS represents a more severe form of PS. However, laparoscopic and histological findings suggested the need
for a paradigm change regarding the pathophysiology of EPS. We conjecture that EPS is not, in fact, a form of PS, but is, instead a physiological wound-healing
reaction to peritoneal injury.



Conclusions:
While the biopsy was reassuring with respect to the absence of EPS, 
significant histopathological changes suggest that avoiding pH trauma may
not ameliorate the effects of glucose exposure in long-term PD.



It can be concluded that
the main advantage of PD 
with L-GDP/N-pH dialysis
solutions may be the 
reduction and delay of 
functional and morphologic
alterations, but not
complete obliteration, that
can occur in long-term PD, 
possibly preventing EPS.
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Prolonged exposure to PD solutions, possibly exacerbated by episodes of 
peritonitis, causes sustained inflammation and progressive damage to the 
peritoneal membrane, which undergoes angiogenesis, hyalinizing vasculopathy
and fibrosis. These morphologic alterations have been associated with 
increased PSTR and UF failure, thereby constituting a major barrier to longterm
PD, through an increased risk of technique failure, morbidity (including
increased risk of EPS) and mortality.
The role of peritonitis in developing EPS is less clear, partly because it often
precludes long-term PD. It should be pointed out that the morphological
features of EPS are different to those of progressive fibrosis, characterized by 
inflammation, fibrin deposition and expression of thrombospondin and that
there is no role for routine peritoneal biopsy in the prediction of this condition.
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Il blocco del sistema Renina-Angiotensina-Aldosterone previene
la fibrosi peritoneale e il deficit di ultrafiltrazione. Studi in modelli animali.
Duman S et al: Intraperitoneal enalapril ameliorates morphologic changes induced by hypertonic pewritoneal dialysis solutions
in rat peritoneum. Adv Perit Dial 2004;20:31-6
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2007;27:424-431
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309
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Il blocco del sistema Renina-Angiotensina-Aldosterone previene
la fibrosi peritoneale. Studi su colture cellulari.
Kiuden Y et al: Tgf-beta1 induced by high glucose is controlled by angiotensin-converting enzyme inhibitor and angiotensin II 
receptor-blocker on cultured human peritoneal mesothelial cells. Perit Dial Int 2005;25:483-491



Kolesnik I et al: Impact of ACE inhibitors and AII receptor blockers on peritoneal
membrane transport characteristics in long-term peritoneal dialysis patients. Perit Dial Int
2007;27:446-453
Kolesnik I et al: A positive effect of AII inhibitors on peritoneal membrane function in 
long-term PD patients. Nephrol Dial Transplant 2009;24:272-277
Kolesnik I et al: Effect of angiotensin-converting enzyme inhibitors and angiotensin II 
receptor blockers in patients with chronic kidney disease. Neth J Med 2010;68:15-23
Sampimon DE et al: Use of angiotensin II inhibitors in patients that develop
encapsulating peritoneal sclerosis. Perit Dial Int 2010;30:656-659
Jing S et al: Effect of renin-angiotensin system inhibitors on prevention of peritoneal
fibrosis in peritoneal dialysis patients. Nephrology (Carlton) 2010;15:27-32 
Bonfante L et al: Suspension of ACE-I and ARB treatment is associated with acute 
increase in serum AGE levels in patients on peritoneal dialysis. Perit Dial Int 2011;31:94-
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Il blocco del sistema Renina-Angiotensina-Aldosterone previene
la fibrosi peritoneale e il deficit di ultrafiltrazione. Studi clinici.



Angiotensin II has progressively been considered to play an important role in the development of 
liver fibrosis, although the mechanism isn’t fully understood. The aim of this study was to 
investigate a possible pro-fibrotic mechanism, by which angiotensin II would enhance the pro-
fibrotic effect of transforming growth factor beta 1 (TGF-β1) through up-regulation of toll-like
receptor 4 (TLR4) and enhancing down-regulation of TGF-β1 inhibitory pseudo-receptor—BAMBI 
caused by LPS in hepatic stellate cells (HSCs). Firstly, the synergistic effects of angiotensin II, 
TGF-β1 and LPS on collagen 1α production were confirmed in vitro by ELISA, in which
angiotensin II, LPS and TGF-β1 were treated sequentially, and in vivo by mmunofluorescence, in 
the experiments single or multiple intra-peritoneally implanted osmotic mini-pumps administrating
angiotensin II or LPS combined with intra-peritoneal injections of TGF-β1 were used. We also
found that only LPS and TGFβ1 weren’t enough to induce obvious fibrogenesis without
angiotensin II. Secondly, to identify the reason of why angiotensin II is so important, the minute 
level of TLR4 in activated HSCs - T6 and primary quiescent HSCs of rat, upregulation of TLR4 by 
angiotensin II and blockage by different angiotensin II receptor type 1 (AT1) blockers in HSCs
were assayed by western blotting in vitro and immunofluorescence in vivo. Finally, BAMBI 
expression level, which is regulated by LPS-TLR4 pathway, was detected by qRT-PCR and 
results showed angiotensin II enhanced the down-regulation of BAMBI mRNA caused by LPS in 
vitro and in vivo, and TLR4 neutralization antibody blocked this interactive effect. These data 
demonstrated that angiotensin II enhances LPS-TLR4 pathway signaling and further down-
regulates expression of BAMBI through up-regulation of TLR4, which results in facilitation of pro-
fibrotic activity of TGF-β1. Angiotensin II, LPS and TGF-β1 act synergistically during hepatic
fibrogenesis, showing crosstalks between angiotensin II-AT1, LPS-TLR4 and TGF-β1-BAMBI 
signal pathways in rat HSCs.



the present study demonstrated that high glucose-related peritoneal fibrosis is closely
associated with the activation of mTORC1. Valsartan can control PF and is associated
with the inhibition of mTORC1 activity. Altogether, our data provide new insight into the 
mechanism underlying the preservation of the peritoneum by valsartan and supply a 
foundation for therapeutic strategies for longterm PD patients.



I β-bloccanti favoriscono la fibrosi peritoneale
e il deficit di ultrafiltrazione
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Stegmayr BG: Various clinical approaches to minimise complications in peritoneal
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β-blockers have been considered deleterious for PM due to their association
with loss of UFC and induction of fibrosis. Herein we analyzed the effects of 
Nebivolol, a new generation of β1-blocker, on PM alterations induced by PD 
fluids (PDF). 
In vitro: We found that mesothelial cells (MCs) express β1-adrenergic 
receptor. MCs were treated with TGF-β to induce mesothelial-to-
mesenchymal transition (MMT) and co-treated with Nebivolol. Nebivolol
reversed the TGF-β effects, decreasing extracellular matrix synthesis, and 
improved the fibrinolytic capacity, decreasing plasminogen activator inhibitor-
1 (PAI-1) and increasing tissue-type plasminogen activator (tPA) supernatant
levels. Moreover, Nebivolol partially inhibited MMT and decreased vascular
endothelial growth factor (VEGF) and IL-6 levels in supernatants. 
In vivo: Twenty-one C57BL/6 mice were divided into 3 groups. Control group
carried a catheter without PDF infusion. Study group received
intraperitoneally PDF and oral Nebivolol during 30 days. PDF group received
PDF alone. Nebivolol maintained the UFC and reduced PM thickness, MMT 
and angiogenesis promoted by PDF. It also improved the fibrinolytic capacity
in PD effluents decreasing PAI-1 and IL-8 and increased tPA levels. 
Conclusion: Nebivolol protects PM from PDF-induced damage, promoting
anti-fibrotic, anti-angiogenic, anti-inflammatory and pro-fibrinolytic effects. 
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Methods: To mimic the clinical situation of patients on long-term PD, a combo model, 
characterized by the combination of PF and CKD with severe uremia, was developed
in Wistar rats. PF was induced by intraperitoneal (IP) injections of chlorhexidine
gluconate (CG), and CKD was induced by an adenine-rich diet. Uremia was
confirmed by severe hypertension, increased blood urea nitrogen (BUN> 120 mg/dL) 
and serum creatinine levels (> 2 mg/dL). Uremic rats with PF were treated with TAM 
(10 mg/Kg by gavage) or BMP7 (30 μg/Kg, IP). Animals were followed up for 30 
days.

Results: CG administration in uremic rats induced a striking increase in PM 
thickness, neoangiogenesis, demonstrated by increased capillary density, and failure 
of ultrafiltration capacity. These morphological and functional changes were blocked 
by TAM or rBMP7 treatment. In parallel, TAM and rBMP7 significantly ameliorated 
the PM fibrotic response by reducing α-SMA, extracellular matrix proteins and TGF-ß
expression. TAM or rBMP7 administration significantly inhibited peritoneal Smad3 
expression in uremic rats with PF, prevented Smad3 phosphorylation, and induced a 
remarkable upregulation of Smad7, an intracellular inhibitor of TGFβ/Smad signaling, 
contributing to a negative modulation of profibrotic genes. Both treatments were also 
effective in reducing local inflammation, possibly by upregulating IκB-α expression in 
the PM of uremic rats with PF. In vitro experiments using primary peritoneal 
fibroblasts activated by TGF-ß confirmed the capacity of TAM or rBMP7 in blocking 
inflammatory mediators, such as IL-1ß expression.



Peritoneal fibrosis is a severe complication arising from long-
term peritoneal dialysis (PD). Tamoxifen (Tamo) has been
clinically proven effective in a series of fibrotic diseases, such as
PD-associated encapsulating peritoneal sclerosis (EPS), but the 
mechanisms underlying Tamoxifen’s protective effects are yet to 
be defined. In the present study, C57BL/6 mice received
intraperitoneal injections of either saline, 4.25% high glucose
(HG) PD fluid (PDF) or PDF plus Tamoxifen each day for 30 
days. Tamoxifen attenuated thickening of the peritoneum, and 
reversed PDF-induced peritoneal expression of E-cadherin, 
Vimentin, matrix metalloproteinase 9 (MMP9), Snail, and β-
catenin. Mouse peritoneal mesothelial cells (mPMCs) were
cultured in 4.25% glucose or 4.25% glucose plus Tamoxifen for 
48 h. Tamoxifen inhibited epithelial-to-mesenchymal transition
(EMT) as well as phosphorylation of glycogen synthase kinase-
3β (GSK-3β), nuclear β-catenin, and Snail induced by exposure
to HG. TWS119 reversed the effects of Tamoxifen on β-catenin
and Snail expression. In conclusion, Tamoxifen significantly
attenuated EMT during peritoneal epithelial fibrosis, in part by 
inhibiting GSK-3β/β-catenin activation.



ESR1 was increased significantly in the peritoneum after long-term exposure to PD dialysate. Tamoxifen treatment ameliorated high glucose-
induced MMT of HPMCs, improved ultrafiltration rate, and decreased PSTR of mouse peritoneum. Tamoxifen reduced the H19 level by 
decreasing the ESR1 transcription of H19. Depletion of H19 reversed the pro-fibrotic effect of high glucose while ectopic expression of H19 
exacerbated fibrotic pathological changes. Intraperitoneal injection of nanomaterial-wrapped 2′-O-Me-modified siRNAs targeting H19 mitigated
PD-related fibrosis in mice. RNA immunoprecipitation (RIP) and RNA pull-down results delineated that H19 activated VEGFA expression by 
binding p300 to the VEGFA promoter and inducing histone acetylation of the VEGFA promoter. ESR1 and H19 were promising targets to predict
peritoneal function.



Esperienza clinica con Tamoxifene nell’EPS

Eltoum MA et al: Four consecutive cases of peritoneal dialysis-related encapsulating peritoneal sclerosis
treated successfully with tamoxifen. Perit Dial Int 2006;26:203-206
Moustafellos P et al: Tamoxifen therapy in Encapsulating Sclerosing Peritonitis in patients after kidney
transplantation. Transplant Proc 2006;38:2913-2914
Wong CF: Clinical experience with tamoxifen in Encapsulating Peritoneal Sclerosis. Perit Dial Int
2006;26:183-184
Mohamed AO: Tamoxifen therapy in kidney-transplant patients presenting with severe Encapsulating
Peritoneal Sclerosis after treatment of acute humoral rejection. Exper Clin Transplant 2009;3:164-167
Korte MR et al: Tamoxifen is associated with lower mortality of encapsulating peritoneal sclerosis: results
of the Dutch Multicentre EPS Study. Nephrol Dial Transplant 2011;26:691-697





Tamoxifene nell’EPS: possibili effetti collaterali

Juric C et al: First documented case of endometrial carcinoma in a patient treated with tamoxifen for 
Encapsulating Peritoneal Sclerosis. Perit Dial Int 2013;33:338-339
Kwak KM et al: Liver infarction and venous thromboembolism after tamoxifen use in an ADPKD patient
with Encapsulating Peritoneal Sclerosis: a case report. Electrolyte Blood Press 2020;18:44-48

Utili:
- Sorveglianza con PAP-test annuale nella donna
- Screening fattori di rischio per tromboembolismo



We report the case of a 28-year-old patient, 
who developed a severe form of calcifying
EPS after a 6-year-long therapy with 
automated PD. The clinical presentation
was severe with repeated episodes of total
bowel obstruction, weight loss and 
malnutrition that mandated his prolonged
hospitalization. Initial treatment included
corticosteroids and tamoxifen (20 mg/day) 
with a clinically meaningful improvement in 
gastrointestinal function and nutritional
status over the first 6–12 months. 
Corticosteroids were discontinued at 18 
months, but owing to persistence of 
calcifying lesions and peritoneal thickening
in repeated computed-tomography (CT) 
scans, tamoxifen remained unmodified at a 
low-dose of 20 mg/day for a 10-year-long 
period. During follow-up, the patient
remained symptoms-free in an excellent
clinical condition and the CT findings were
unchanged.



utilizzo soluzioni biocompatibili

possibile profilassi con tamoxifene nei casi a rischio

prevenzione e terapia accurate delle peritoniti

ipertensione: si ACE-I o ARB; attenzione ai β-bloccanti

trapianto dopo PD: alto rischio con CNI in assenza di mTOR-I

“data di scadenza” per la PD: un concetto errato (e pericoloso)

valutazione membrane disfunction, sodium sieving, sodium dip

Strategie e terapie contro danno di membrana e EPS



Induzione della fibrosi con CNI: meccanismi
- Aumento di trascrizione di TGF-β
- Aumento dell’espressione dei recettori per TGF-β
- Aumento di trascrizione di VEGF
- Aumento dell’espressione dei recettori per VEGF
Van Nieuwenhoven FA et al: Imbalance of growth factors signalling in diabetic kidney disease: is connective tissue
growth factor (CTGF, CCN2) the perfect intervention point? Nephrol Dial Transplant 2005;20:6-10

Myers BD et al: Cyclosporine-associated chronic nephropathy. N Eng J Med 1984;31:699-705

Shibab FS et al: Role of transforming growth factor-b1 in experimental chronic cyclosporin nephropathy. Kidney Int
1996;49:1141-51

Shin GT et al: In vivo expression of transforming growth factor-b in humans. Transplantation 1998;65:3313-18

Shibab FS et al: Expression of vascular endothelial growth factor and its receptors Flt-1 and KDR/FLK-1 in chronic
cyclosporin nephrotoxicity. Transplantation 2001;72:164-168



Induzione della fibrosi peritoneale con CNI: studi su modelli animali

Background/Aims: Cyclosporin A (CsA) stimulates the 
development of fibrosis. We investigated whether CsA
contributes to peritoneal alterations induced by long-term
exposure to dialysis solutions.
Methods: Ten rats received peritoneal infusion of dialysis solution
and oral CsA for 8 weeks. Eight received only the dialysis
solution (controls). Peritoneal function was assessed at 8 weeks 
followed by sacrifice. The number of vessels was counted, 
fibrosis was assessed and hydroxyproline was determined. PCR 
was performed for vascular endothelial growth factor (VEGF), 
connective tissue growth factor (CTGF) and transforming growth
factor-β (TGF-β).
Results: Histology revealed more fibrosis, hydroxyproline and 
vessels (thick walled) in CsA-exposed animals. Peritoneal
transport was not different. The mRNA content of TGF-β, CTGF 
and VEGF was higher in CsA.
Conclusion: CsA combined with exposure to dialysis solutions
was associated with increased peritoneal fibrosis and 
angiogenesis.

Encapsulating peritoneal sclerosis (EPS) is a clinical syndrome associated with ileus
symptoms and irreversible sclerosis of the peritoneal membrane. Inflammation, fibrosis, 
and neoangiogenesis are the main features of the pathophysiology. No evidence-based
therapy is currently available for EPS. In recent years, anti-inflammatory and 
immunosuppressive (IS) treatment modalities have become more popular. The aim of the 
present study was to investigate the effects of various IS treatment strategies—
glucocorticosteroid (GC), azathiopurine (AZT), and cyclosporin (CsA)— on regression of 
EPS.
We divided 52 nonuremic Wistar albino rats into six groups: Control group—2 mL isotonic
saline injected intraperitoneally (IP) daily for 3 weeks; CG group—2 mL/200 g 0.1% 
chlorhexidine gluconate (CG) and 15% ethanol dissolved in saline injected IP daily for 3 
weeks; Resting group—CG (weeks 1 – 3), plus peritoneal rest (weeks 4 – 6); Corticosteroid
(GC) group—CG (weeks 1 – 3), plus 10 mg/L prednisolone in drinking water (weeks 4 – 6); 
AZT group— CG (weeks 1 – 3), plus 100 mg/L azathioprine in drinking water (weeks 4 – 6); 
and CsA group—CG (weeks 1 – 3), plus cyclosporin 7.5 mg/kg by subcutaneous injection
daily (weeks 4 – 6).
At the end of the study, under ketamine HCl anesthesia, the rats were humanely killed by 
bleeding. Parietal peritoneal samples were then taken from same location (away from the 
injection site) and changes of parietal peritoneum morphology were examined by a single 
pathologist.
The CG severely disturbed parameters of peritoneal morphology, increasing peritoneal 
thickness, inflammatory activity, vascularity, and fibrosis score as compared with the 
Control group (p  < 0.05). No benefit was observed for any parameter in the Resting group 
as compared withthose parameters
in the CG group (p  < 0.05). We observed a lower fibrosis score and less peritoneal 
thickness in the GC group as compared with the Resting group (p  < 0.05). No beneficial 
effects of AZT on peritoneal morphology were observed as compared with the effects of 
peritoneal rest or corticosteroid therapy. Treatment with cyclosporin resulted in more 
fibrosis, vascularity, and inflammation than was seen with
corticosteroid therapy (p  < 0.05). Immunosuppressive therapies, especially those that are 
corticosteroid-based, may have therapeutic value in the management of EPS. Patients 
treated with cyclosporin may have a risk for developing EPS.



Induzione della fibrosi peritoneale con CNI: 
esperienza clinica

in tutti i casi descritti di EPS post-Tx
l’immunosoppressione si basa sui CNI



Inibizione della fibrosi peritoneale con mTOR-I: meccanismi
El-Hashemite N et al: Loss of Tsc1 or Tsc2 induces Vascular Endothelial Growth Factor production through Mammalial Target 
of Rapamicin. Cancer Research 2003;63:5173-5177
Martinet W et al: Everolimus triggers cytokine release by macrophages. Arterioscler Thromb Vasc Biol 2012; DOI: 10.1161/AT 
VBAHA.112.245381
Sekigushi Y et al: Rapamycin inhibits transforming growth factor β-induced peritoneal angiogenesis by blocking the secondary 
hypoxic response. J Cell Mol Med 2012;8:1934-1945
Gonzalez-Mateo GT et al: Rapamycin protects from type-I peritoneal membrane failure inhibiting the angiogenesis, 
lymphangiogenesis, and endo-MT. BioMed Research Int 2015;Article ID 989560
Xiang S et al: Rapamycin inhibits epithelial-to-mesenchymal transition of peritoneal mesothelium cells through regulation of 
Rho GTPases. FEBS J 2016;283:1309-2325
Liu J et al: Mammalian target of rapamycin complex 1 activation disrupts the low-density lipoprotein receptor pathway: a novel 
mechanism for extracellular matrix accumulation in human peritoneal mesothelial cells. Am J Nephrol 2018;48:357-368
Liu J et al: Rapamycin inhibits peritoneal fibrosis by modifying lipid homeostasis in the peritoneum. Am J Transl Res 
2019;11:1473-1485
Xu T et al: Comparison of anti-peritoneal fibrotic effects between an mTORC1-specific blocker and a PI3K/mTOR dual-blocker. 
Renal Failure 2019;41:267-277 
Lu H et al: Molecular hydrogen regulates PTEN-AKT-mTOR signaling via ROS to alleviate peritoneal dialysis-related 
peritoneal fibrosis. FASEB J 2020;34:4134-4146



Inibizione della fibrosi peritoneale con mTOR-I: studi in colture cellulari
Aguilera A et al: Effects of rapamycin on the epithelial-to-mesenchymal transition on human peritoneal mesothelial cells. Int J
Artif Organs 2005;28:164-169
Xiang S et al: Rapamycin inhibits epithelial-to-mesenchymal transition of peritoneal mesothelium cells through regulation of 
Rho GTPases. FEBS J 2016;283:1309-2325

Inibizione della fibrosi peritoneale con mTOR-I: studi su modelli animali
Duman S et al: Effects of everolimus as an antiproliferative agent on regression of encapsulating peritoneal sclerosis in a rat
model. Adv Perit Dial 2008;24:104-110
Patsenker E et al: Potent antifibrotic activity of mTOR inhibitors sirolimus and everolimus but not a cyclosporine A and 
tacrolimus in experimental liver fibrosis. J Hepatol 2011;55:388-398 
Ceri M et al: Effect of sirolimus on the regression of peritoneal sclerosis in an experimental rat model. Int Urol Nephrol
2012;44:977-982
Xu T et al: Impact of rapamycin on peritoneal fibrosis and transport function. Blood Purif 2012;34:48-57
Sagiroglu T et al: Comparison of sirolimus and colchicine treatment on the development of peritoneal fibrosis in rats having
peritoneal dialysis.  Balkan Med 2015;32:101-106
Acikgoz-Mert GS et al: Effect of bevacizumab and everolimus combination treatment on peritoneal sclerosis in an 
experimental rat model. Ther Apher Dial 2021;25:323-330



mTOR-I nella terapia dell’EPS: studi clinici
da Silva N et al: Post-transplantation encapsulating peritoneal sclerosis in a pediatric
patient. Pediatr Nephrol 2012;27:1583-1588

Huddam U et al: Additive effectiveness of everolimus plus tamoxifen therapy in 
treatment of encapsulating peritoneal sclerosis. Renal Failure 2012;34:387-389

Frascà GM et al: m-TOR inhibitors may be useful in the treatment of encapsulating
peritoneal sclerosis (EPS). J Nephrol 2014 DOI 10.1007/s40620-014-0052-5

Romagnoli J et al: Posttransplant encapsulating peritoneal sclerosis, long-term success 
with everolimus and low-dose CNI: a case report. Transplant Proc 2014;46:2368-2370

Sud R et al: A role for everolimus in post-transplant encapsulating peritoneal sclerosis: 
first case report. Nephrology (Carlton) 2014; DOI 10.1111/nep.12196

Messina M et al: mTOR inhibitors for medical treatment of post-transplantation
encapsulating peritoneal sclerosis: a favourable single-center experience. J Nephrol
2015;28:245-249



Method: Thirteen case reports/series consisted of 20 patients (16 post-transplant and four post-
hemodialysis EPS cases) were evaluated. We tried to extract the effect of mTOR inhibitors
according to authors’ conclusion and the time of improvement of patients’ symptoms and each
treatment modality such as surgery, parenteral nutrition, tamoxifen and mTOR inhibitors.

Results: Of 20 patients, clinical improvement of five patients (25%) is more attributable to mTOR
inhibitor therapy. All these five patients were post-kidney transplant EPS cases. Therefore, EPS 
improvement rate in post-transplant EPS patients was 31.25% (5 of 16 patients). Death after EPS 
diagnosis occurred in two of seven patients with continued CNIs therapy (28.57%) and 1 of 11 
cases (9.09%) who didn’t receive CNIs after EPS diagnosis.

Conclusion: Although the therapeutic effect of mTOR inhibitors against EPS remains unproven, it
seems that for patients with post kidney transplant EPS who do not have any contraindication for 
mTOR inhibitor administration, converting from CNIs to mTOR inhibitors in addition to other EPS 
treatments may result in improving EPS in approximately one-third of patients and decreasing
patients’ mortality.



Peritoneal dialysis (PD) is one of the commonly used choices of continuous renal replacement therapies. Peritoneal membrane is
damaged by using solutions with lower biocompatibility, peritonitis episodes, and vintage of PD therapy. Encapsulating peritoneal
sclerosis (EPS) is a rare complication of PD and is presented by progressive fibrosis of the peritoneum. Fibrous tissue entrapment of the 
intestine, leading to complete intestinal obstruction, is referred to as EPS, the most severe form of sclerosing peritonitis. EPS is
irreversible fibrosis of the peritoneal membrane usually associated with high rates of morbidity and mortality. Preventive strategies are 
the best choice of treatment. Also there is no proven effective therapy for EPS; there are only small-sized trials. Herein we present a case 
of EPS who improved with everolimus plus tamoxifen therapy.



Terapia: CNI, mTOR-I Terapia: CNI, mTOR-I vs diagnosi di EPS

i casi di EPS si 
concentrano in chi fa

solo CNI senza mTOR-I
con una significatività 

elevatissima



Anni di 
dialisi peritoneale

Probabilità di EPS 
con solo CNI

Probabilità di EPS
con CNI+mTOR

1 1,09% 0,10%
2 1,40% 0,13%
3 1,78% 0,17%
4 2,27% 0,22%
5 2,89% 0,28%
6 3,68% 0,35%
7 4,66% 0,45%
8 5,90% 0,58%
9 7,43% 0,74%

10 9,33% 0,95%

Come calcolare la probabilità di EPS all’atto del trapianto



EPS post-Tx:
- indotta dai CNI
(tacrolimus, ciclosporina)

- prevenuta e curata
dagli mTOR-I
(sirolimus, everolimus)

- belatacept
(probabilmente
ininfluente sulla EPS)
registrato in Italia
in classe C 



Peritoneal inflammation is less severe in patients after KTx, while mesothelial
denudation, diffuse podoplanin positivity and  profibrotic activity are prevalent, 
the latter possibly due to the impact of CNI.



The reduction in the incidence of EPS in PD in Italy is a real phenomenon, and in keeping with data 
reported internationally. The main determinant is shown to be the corresponding fall in peritonitis, with the 
reduced glucose load and the use of more biocompatible dialysis solutions also very likely to be playing a 
role. The monitoring by all Centers of ultrafiltration and patient peritoneal transport characteristics is
strongly to be recommended, while the incongruity of an a priori limitation of the duration of PD is
confirmed.

The failure to document cases of post-Tx EPS, whose incidence is constant in international reports, seems
on the other hand to be secondary to the inadequacy on the part of the Census to intercept them, which is
in turn due to both a lack of Transplant Center awareness of EPS issues and the organizational separation
between Transplant Centers and PD teams. A deficit in reporting is also likely with regard to EPS in HD, 
the rarest of all, linked to a lack of collaboration between PD and HD personnel. The take-home message
is: we are achieving good results with EPS in PD, but the battle is not over yet and we have to continue to 
prevent, diagnose and treat it.



Casi di EPS che guariscono dopo trapianto
con steroidi ad alte dosi

Junor BJ et al: Immunosuppression in sclerosing peritonitis. Adv Perit Dial
1993;9:187-9

Hawley CM et al: Recovery of gastrointestinal function after renal
transplantation in a patients with sclerosing peritonitis secondary to 
continuous ambulatory peritoneal dialysis. Am J Kidney Dis 1995;26:658-61

Mori Y et al: A case of a dialysis patient with sclerosing peritonitis successfully
treated with corticosteroid therapy alone. Am J Kidney Dis 1997;30:275-8



Studi prospettici confermano che gli steroidi
possono essere efficaci nell’EPS

Kuriyama S et al: Corticosteroid theraphy in encapsulating peritoneal sclerosis. 
Nephrol Dial Transplant 2001;16:1304-5

Kawanishi H et al: Encapsulating peritoneal sclerosis in Japan: A prospective, 
controlled, multicenter study. Am J Kidney Dis 2004;44:729-37

Kawanishi H: Surgical and medical treatments of Encapsulating Peritoneal
Sclerosis. Contrib Nephrol 2012;177:38-47





EPS: terapia farmacologica (in associazione!)

Tamoxifene per os 10-20 mg/die a tempo indefinito

mTOR-I a tempo indefinito:
Sirolimus (livello ematico ≈ 6 ng/ml)
oppure Everolimus (livello ematico ≈ 3 ng/ml)

Prednisone per os 0.5 mg/kg/die 8-12 settimane, quindi tapering

Terapia ipertensione con ACE-I o ARB, preferibilmente no β-bloccanti

EPS post-TX: shift da CNI a mTOR-I (basso rischio immunologico)
shift da CNI a CNI + MTOR-I (alto rischio immunologico)



Peritoneal biopsies of patients (healthy controls, uremic, PD, and encapsulating peritoneal sclerosis [EPS]) 
were analyzed. We found evidence of SGLT-2, GLUT1, and GLUT3 expression in the peritoneal
membrane. Protein expression of SGLT-2 increases with PD duration and is significantly enhanced in EPS 
patients. All transporters were predominantly, but not exclusively, located adjacent to the vessel walls of 
the peritoneal membrane.



We investigated the peritoneal protective mechanisms of Canagliflozin in vitro by 
simulating hypoxia with CoCl2 in human peritoneal mesothelial cells (HPMCs) and rats
by intraperitoneal injection of 4.25% peritoneal dialysate simulating chronic high glucose
exposure. CoCl2 hypoxic intervention significantly increased HIF-1α abundance in 
HPMCs, activated TGF-β/p-Smad3 signaling, and promoted the production of fibrotic
proteins (Fibronectin, COL1A2, and α-SMA). Meanwhile, Canagliflozin significantly
improved the hypoxia of HPMCs, decreased HIF-1α abundance, inhibited TGF-β/p-
Smad3 signaling, and decreased the expression of fibrotic proteins. Five-week 
intraperitoneal injection of 4.25% peritoneal dialysate remarkably increased peritoneal
HIF-1α/TGF-β/p-Smad3 signaling and promoted peritoneal fibrosis and peritoneal
thickening. At the same time, Canagliflozin significantly inhibited the HIF-1α/TGF-β/p-
Smad3 signaling, prevented peritoneal fibrosis and peritoneal thickening, and improved
peritoneal transportation and ultrafiltration. High glucose peritoneal dialysate increased
the expression of peritoneal GLUT1, GLUT3 and SGLT2, all of which were inhibited by 
Canagliflozin. In conclusion, we showed that Canagliflozin could improve peritoneal
fibrosis and function by ameliorating peritoneal hypoxia and inhibiting the HIF-1α/TGF-
β/p-Smad3 signaling pathway, providing theoretical support for the clinical use of SGLT2 
inhibitors in patients on peritoneal dialysis.



Background: Patients taking SGLT-2 inhibitors may experience delayed peritoneal fibrosis, better ultrafiltration of 
water and toxins, and higher survival rates. We aimed to evaluate the possible effects of Dapagliflozin in changing
the peritoneal solute transfer rate, reducing peritoneal glucose absorption, and, hence, increasing ultrafiltration.
Methodology: A pilot pre-post interventional study was used to evaluate 20 patients on continuous ambulatory
peritoneal dialysis (CAPD) enrolled in a one-month self-controlled study [Trial#: NCT04923295]. Inclusion criteria
included being over 18, and having a Peritoneal Dialysis (PD) vintage of at least six months. All participants were
classified as having high or average high transport status based on their Peritoneal Equilibrium Test with a D0/D4 
> 0.39 and using at least two exchanges with 2.35% dextrose over the previous three months before enrollment.
Results: Following the treatment, 13 patients had an increase in median D4/D0 from 0.26 [0.17–0.38] to 0.31 
[0.23–0.40], while seven patients had a decline from 0.28 [0.17–0.38] to 0.23 [0.14–0.33]. Additionally, nine
patients had a decrease in median D/P from 0.88 [0.67–0.92] to 0.81 [0.54–0.85], while 11 patients had an 
increase from 0.70 [0.6–0.83] to 0.76 [0.63–0.91].
Conclusion: According to the findings of this study, Dapagliflozin usage in peritoneal dialysis patients did not result
in a reduction in glucose absorption across the peritoneal membrane. Additionally, Dapagliflozin was also
associated with a small increase in sodium dip, a decrease in peritoneal VEGF, and a decrease in systemic IL-6 
levels all of which were not statistically significant. Further large-scale studies are required to corroborate these
conclusions.



Background: Worldwide, the treatment of patients with chronic kidney disease
(CKD) remains a challenge as warfarin treatment can be associated with 
severe adverse events related to bleeding. Alternative anticoagulants that can 
be used in CKD remain to be identified. This study aimed to compare the 
effects of indobufen, a new antiplatelet agent, with warfarin in a rat model of 
adenine-induced CKD.
Material/Methods: Forty-eight male Wistar rats were treated with intragastric
adenine to create the rat model of CKD and were divided into four groups: an
untreated control group (N=12), a group treated with dimethyl sulfoxide
(DMSO) (N=12), a group treated with indobufen, (N=12) and a group treated
with warfarin (N-12). Treatment was given for 4 weeks and 8 weeks. Kidney
histology was performed, and the degree of fibrosis was quantified using
Masson trichrome staining.
Results: In the rat model of adenine-induced CKD, Masson trichrome staining
showed that the degree of kidney fibrosis in the indobufen group (26%) was
significantly reduced (p<0.05) when compared the DMSO group (58%) and the
warfarin group (49%). Kidney fibrosis was associated with upregulation of 6-
keto-PGI2/TXB2 in the rat kidney tissue.
Conclusions: In a rat model of adenine-induced CKD, preliminary findings
showed that indobufen was associated with reduced kidney fibrosis when
compared with warfarin.



ABSTRACT
Indobufen possesses anticoagulant and antithrombotic effects that can improve micro-inflammation and renal function. This study aimed to 
examine whether indobufen could improve the microinflammatory state in patients on continuous ambulatory peritoneal dialysis (CAPD) and 
explore its therapeutic effects on peritoneal transport function. A total of 60 patients undergoing CAPD from October 2019 to October 2020 were
selected and randomized to the control and indobufen groups. All patients received conventional treatments. Blood routine and the serum and 
peritoneal effusion levels of tumor necrosis factor-a (TNF-a), transforming growth factor-b1 (TGF-b1), cellular fibronectin (cFN), and vascular
endothelial growth factor were determined before and after 6 months of treatment. The peritoneal equilibrium test (PET) was used to evaluate
peritoneal transport function. There were no significant differences in PET results, microinflammatory state, and biochemical indices between the 
two groups before treatment (P > 0.05). After 6 months of treatment, platelet-tolymphocyte ratio and serum and peritoneal effusion TNF-a levels in 
the indobufen group were decreased compared with the control group (P < 0.05). Serum and peritoneal effusion TGF-b1 and cFN levels in the 
indobufen group were reduced compared with the control group (P < 0.05). PET results in the indobufen group were decreased compared with 
baseline (P < 0.05). The difference in PET results between the two groups before and after treatment was statistically significant (P < 0.05). 
Indobufen could improve the peritoneal transport function in patients undergoing CAPD. The underlying mechanismmight be related to the 
improvement of the microinflammatory state and peritoneal fibrosis.

SIGNIFICANCE STATEMENT
Microinflammation and peritoneal fibrosis can lead to peritoneal failure in CAPD. Indobufen is a novel antiplatelet drug that can alleviate renal
fibrosis and improve renal function in patients with diabetic nephropathy. Indobufen can improve the peritoneal transport function in patients
undergoing CAPD. The mechanism of indobufen improving the peritoneal function might be related to the improvement of the microinflammatory
state and peritoneal fibrosis.
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