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Prevalence and Mortality of EPS in survey 

 

Study N EPS% /1000p

.y 
Death PDF 

Multi-center 

Retro 

spective 

EDTA, Oules 1988 0.03-0.31% 69% Acid 

Japan, Nomoto 1996 6923 1.7%  44% Acid 

Australia, Rigby 1998 7374 0.7% 1.8 56% Acid 

Koria, Kim 2005 4249 0.8% 24% Acid 

ANZDATA, 2010 7618 0.4% 1.8 54% Acid 

Netherlands, Korte 2011 2022 2.7% 54%  Acid+ico 

Italy, Marinangeli 2012 4094 1.26% 7.0 42.9% Acid+Neut+ico 

Scotland, Petrie 2016 

Dutch EPS registry 2017 

1238 2.8% 

0.14 

13.6 57.1% 

48% 

Acid 

Pediatric Japan, Hoshii 2000 687  1.6%  27% Acid 

EU, Shroff 2013 1472  1.5%  8.7 13.6% Acid+Neut+ico 

Italy, Vidal 2013 712  1.9% 43% Acid+Neut+ico 

Prospective Japan, Kawanishi 2004 1958 2.5% 3.18 38% Acid 

Japan, Nakayama 2014  1338 1.0% 2.3 21.4% Neut+ico 



Multicenter prospective observation study in Japan 
EPS study in, JAPAN  Kawanishi H et al., AJKD 2004; 44:729-37 

 1999 – 2003, 1958 in 57center 

 PD duration:114.3±44.1, Acidic conventional PDF 

 EPS:48 (2.5%),  3.18/1,000py, after withdrawal PD 33 (68.8%) 

 

 

 

 

 

Time on PD 

< 3 years 

3 to < 5 years 

5 to < 8 years 

8 to < 10 years 

10 to 15 years 

>= 15 years 

Total 

EPS cases (%) 

 0 

 4 (0.7%) 

12 (2.1%) 

14 (5.9%) 

13 (5.8%) 

 5 (17.2%) 

48 (2.5%) 

Mortality (%) 

- 

0 (0%) 

1 (8.3%) 

4 (28.6%) 

8 (61.5%) 

5 (100%) 

18 (37.5%) 

≥10 years: incidence rate 7.1%, 

mortality rate 72%  

Acidic PDF 



Multicenter prospective observation study in Japan 
EPS study in, JAPAN  Kawanishi H et al., AJKD 2004; 44:729-37 

The risk of EPS was high in patients on PD for 8 years or longer. 

Acidic PDF 

Acidic PDF 



Scottish Renal Registry 
Brown MC et al, CJASN 2009: 4: 1222–9 

Petrie MC et al., CKJ 2016;9:624-9 

 Scottish Renal Registry 2000-2007, n:1238 

 Followed to 2014, EPS: 35 (2.8%, 13.6/1000p.y) 

 Acidic conventional PDF (include 3.86%)+Ico  
PD yr EPS% 1yr  

Mortality 

≤1 0.2 0 

>1-2 1.1 66% 

>2-3 3.4 29% 

>3-4 4.4 67% 

>4-5 8.8 57% 

>5-6 9.4 60% 

>6-7 12.1 75% 

>7-8 22.2 100% 

>8 66% 

Total 2.8 57.1% 
As treated Intent to treat 

2.8% 

Acidic PDF 



Scottish Renal Registry 
Brown MC et al, CJASN 2009: 4: 1222–9 

Petrie MC et al., CKJ 2016;9:624-9 

 Scottish Renal Registry 2000-2007, n:1238 

 Followed to 2014, EPS: 35 (2.8%, 13.6/1000p.y) 
PD yr EPS% 1yr  

Mortality 

≤1 0.2 0 

>1-2 1.1 66% 

>2-3 3.4 29% 

>3-4 4.4 67% 

>4-5 8.8 57% 

>5-6 9.4 60% 

>6-7 12.1 75% 

>7-8 22.2 100% 

>8 66% 

Total 2.8 57.1% 

Acidic PDF 



Preservation of EPS by Low-GDPs solutions 

Clinical outcome of patients on new PD solution  

 Prospective observational study 

 Patients who started PD by neutral  solution and/or Extraneal 

 Incidence of EPS 

 Registered facilities ：55 centers, 1,358pts  

 

Neutral solution and Extraneal for present PD 
outcome in Japan (NEXT-PD) 

NEXT-PD 

PDI, 2014;34:766-74 

Neutral, low GDPs PDF 



Next PD study: neutral Low-GDPs solutions in Japan 
Nakayama M et al., PDI 2014;34:766-74   

 Multicenter prospective observation study, 2007–2012, 1338 in 55 center 

 started PD by neutral solution and/or Extraneal 

 PD duration:67.3±18.8,  

 EPS:14 (1.0%),  2.3/1,000py, after withdrawal PD 3 (21.4%) 
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Acidic PDF: AJKD 2004 

Low GDPs PDF: PDI 2014 



Acidic vs Neutral PDF in prospective observation study 
Acidic, Kawanishi 

AJKD 2004 

Neutral (NEXT-PD) 

PDI 2014 

Facility/patients 57/ 1958 55/ 1338 

Follow 4ys 4ys 

PD durations 114.3±44.1 67.3±18.8 

EPS,  /1,000 p.y 48 (2.5%),  3.18/1,000py 14 (1.0%),  2.3/1,000py 

after withdrawal 33 (68.8%) 3 (21.4%) 

EPS grade III I: 9, II: 4, III: 1 

Recovery of 

symptoms 

non 11 (78.6%) 

Mortality EPS related 37.5% all-cause 35.7%, EPS 

related 21.4%  

Neutral, Low GDP solution may be prevented EPS 



Neutral-pH, LGDP Peritoneal Dialysis Solutions : A Systematic 

Review and Meta-Analysis 
Yohanna S et al. CJASN 2015; 10: 1380-1388 

 Effect of neutral pH, low-GDP PD solutions on D/Pcr 



Scheme of prevention & treatment for EPS 
Kawanishi et al., Adv PD 2001 

Peritoneal deterioration 
Biocompatible PDF 
Prevent Peritonitis Pre-EPS 

Inflammation stage 

Encapsulation stage 

Ileus stage 

Tamoxifen Fibrosis/Sclerosis 

Steroid Inflammatin  

Peritoneal lavage? Fibrin deposition  

Ileus Surgery 

EPS Tamoxifen ? 



Prevention and Treatment for EPS 

Fibrosis/Sclerosis 

Peritoneal thickness 

Encapsulation 

Peritoneal lavage 

Tamoxifen Steroid 

Surgical enterolysis 

Prevention 

Treatment 

Biocompatible PDF 



Prevention of EPS 

 Biocompatible PDF 

 Low peritonitis  

 Low glucose PDF: good fluid control  

 Adequate PD prescriptions and maintenance  

 

 



Effect of Low GDP PDF in Rat Peritoneum 
Mortier S et al., Kidney Intern 67, 2005 
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Physioneal 1.36% pH 7.4   osm 344   bicarbonate/lactate 

Extraneal (Ico 7.5%) pH 5-6  osm 284  lactate 

Neutrineal (Aa 1.1%) pH 6.7  osm 365 lactate  

AA/Glycerol  pH 6.6  osm 468  lactate  

Conventional   pH 5.5  osm 344 lactate 

Effect of nutral pH,  bicarbonate/lactate PDF in Rats 

Peritoneal leucocyte Mortier S et al., Nephron 101, 2005 

Peritoneal leukocyte ⇒ stimulate LPS ⇒ response 



Effect of nutral pH,  bicarbonate/lactate PDF in Rats 

Peritoneal leucocyte Mortier S et al., Nephron 101, 2005 
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Prevention of EPS 

 Biocompatible PDF in Japan 

2000, Neutral/low GDPs lactate solution 

2004, ALL PDF Neutral/low GDPs lactate solution 

2016, Physioneal 



Peritoneal Biopsy Study Group of JSPD 
Hamada C, Nakayama M  et al., J Artif Organs 2015;18:243-50 

 Neutral PDF 61pt, Acidic PDF 80pt 

SMC thickness Vasculopathy, L/V 



Effect of Low GDPs PDF in peritoneal morphology  
Kawanishi K, Honda K et al., PDI 2013; 33:242-251 

 Acidic PDF 12, Neutral PDF 12, new PD 13 

 Thickness of SMC, Vessel density, AGE accumulations 

Thickness & fibrosis ↓ 

AGE accumulations ↓ 

Vessel density ↑  ?? 



Effect of Low GDPs PDF in peritoneal morphology  
Kawanishi K, Honda K et al., PDI 2013; 33:242-251 

Thickness Vasculopathy, L/V 

 Acidic PDF 12, Neutral PDF 12, new PD 13 

 Thickness of SMC, Vasculopathy L/V 

 

 



Effect of Low GDPs PDF in peritoneal morphology  
Kawanishi K, Honda K et al., PDI 2013; 33:242-251 

 Acidic PDF 12, Neutral PDF 12, new PD 13 

 Thickness of SMC, Vessel density, AGE accumulations 

Vessel density ↑ 



Effect of Low GDPs PDF in peritoneal morphology  
Kawanishi K, Honda K et al., PDI 2013; 33:242-251 

 Acidic PDF 12, Neutral PDF 12, new PD 13 

 Thickness of SMC, Vessel density, AGE accumulations 

Vessel density & Permeability  AGEs & Permeability  

 



Controversial of Vascular density and Peritoneal 

Permeability on Low GDPs  

 Acidic PDF 

Thickness ↑ 

Vasculopathy ↑ 

AGEs ↑ 

Vessel density↓ 

D/P ↑ 

 

 Low GDP PDF 

Thickness → 

Vasculopathy → 

AGEs → 

Vessel density ↑ 

D/P → 

 

+Inflammation 

EPS 

+Inflammation 

EPS ?? 

Neoangiogenesis 



EPS Surgical case from 1993 to 2017  
Cases 243, Total surgeries 318 times 
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Low GDP PDF 



EPS surgical case: 243 

Strat of PD: acidic vs low GDP PDF 

Acidic, <2004 Low GDP, ≥2004 P 

N 227 16 

Age, start PD 40.2±12.5 51.9±13.3 1.0 

PD duration (M) 132.1±43.1 64.7±32.5 <0.0001 

Peritonitis (time) 2.0±1.9 2.4±1.8 0.78 

Observation (M) 89.3±66.9 45.8±26.1 0.0052 

Outcomes  Survive 98 

Other death 64 

EPS death 60 

Unknown ４ 

12 

3 

1 

 

0.1 

M ±SD 



Assessment of severity of intestinal damage 
 The peritoneal calcification grade on CT 

Grade 1<50% Grade 2 50-80% Grade 3 ≥80% 



 

The peritoneal calcification grade on CT,  

Strat of PD: acidic vs low GDP PDF 
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Grade 1 Grade 2 Grade 3 

 
Assessment of severity of intestinal damage 
Degeneration/deterioration grade of small intestinal wall 
Grade 1: mild abnormal and soft; Grade 2: whole circumference/partial degeneration 
in several part, especially in the ileum; Grade 3: highly degenerated in almost all aria,  
Upper figure; before enterolysis, lower figure; after enterolysis 
 



The peritoneal degradation grade in surgery 

Strat of PD: acidic vs low GDP PDF 
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EPS development on Low GDPs-PDF 

 ⇒ Peritoneal deterioration may be lower   



EPS surgical video, MS, 2010/7/13 

PD duration : 186 months, EPS caused by peritoneal sclerosis 

EPS : 68.1 months after catheter, Operation : 5.4  months after EPS 

 

Acidic PDF 



EPS surgical video, MS, 2010/7/13 

PD duration : 186 months, EPS caused by peritoneal sclerosis 

EPS : 68.1 months after catheter, Operation : 5.4  months after EPS 

Acidic PDF 

鈴木 



EPS surgical video, KF, 2016/2/9 

PD duration : 125 months, EPS caused by peritoneal sclerosis 

EPS : 11.5 months after catheter, Operation : 2 months after EPS 

Neutral PDF 



EPS surgical video, KF, 2016/2/9 

PD duration : 125 months, EPS caused by peritoneal sclerosis 

EPS : 11.5 months after catheter, Operation : 2 months after EPS 

Neutral PDF 

福崎 



Conclusion 

 Neutral low GDPs solution has been shown to prevent 

peritoneal deterioration in morphology and reduce the risk of 

EPS development in clinical study 

 Although the risk factors for EPS are multifactorial, the use 

of low GDPs solution may be involved in the reduction of 

EPS risk. 

 For prevention of EPS 

Biocompatible and adequate maintenance of PD 

patients   



EPS is no longer 

recognized as a fatal complication. 

Thank you for your attention 


