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Causes of Drop out

Medical Concerns in Long -Term PD

Seventeen years' experience of peritoneal dialysis in Iran. Najafi I, et al. Perit Dial Int. 2014, 34(6):636

ü Peritoneal Fibrosis

üEncapsulating Peritoneal Sclerosis (60-80% mortality)
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The first description of this complication in patients on peritoneal dialysis
was published in 1980 (Denis J et al) and subsequently Gandhi and
collegues reported 5 patients who showed sclerotic thickening of the
peritoneal membrane.

Denis J et al, Ann Intern Med 1980; 93:508
Gandhi VC et al, Arch Intern Med 1980; 140:1201:3

The authors listed these factors as
potentially important to the
development of the complication:
peritonitis, hypertonic dextrose
solution, low pH of the dialysis
solution, and dissolved plasticizers
from the solution container.

Encapsulating Peritoneal Sclerosis (EPS) and PD



Histological changes: 

Ø Not specific to EPS
Ø Overlap with the membrane changes that are associated with UFF 

and peritonitis  in long-term PD
Ø Loss of mesothelium
Ø Expansion of the submesothelial compact zone by collagen 

depositions with varying degrees of hyalinosis
Ø Vasculopathies



Exposure to PD led to vascular proliferation and peritoneal fibrosis in the submesothelial area 

For a same PD duration, patients with EPS had increased vascular densities and submesothelial thickness



Encapsulating peritoneal sclerosis
Increased Collagen deposition

Increase in the density of collagen fibers in the peritoneum of patients with EPS compared with 
patients with same PD duration

Morele J et al, J Am Soc. Nephrol, 2015, 26 





• Uncommon complication of PD
• Occurrence varies among centers, among countries, and over time 
• The  prevalence is between 0.4% and 8.9%
• The incidence rate is between 0.7 and 13.6 per 1,000 patient-years
• The risk of occurrence after 5 years on PD is between 0.6% and 6.6%

Epidemiology of EPS based on large studies



ISPD Guideline 2017 (27 large studies)
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Alatab et al, 2017
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Prevalence of EPS based on large studies

• Germany: 4%

• Scotland: 2.8%

• Japan : 4.8%

• Italy: 2.8%

• Netherland: 3.9%

• Australia: 0.7%

• Spain: 2.9%

• Korea: 1.3%

• USA: 1.2%

• Iran: 8.4%, (death: 63%)



Pathogenesis “two hit theory”Possible risk factors for EPS

Ø Higher dialysate glucose exposure

Ø Use of conventional PD solutions (as opposed to 
biocompatible PD solutions)

Ø Peritonitis (frequent, severe, or prolonged)

Ø Younger age

Ø Abdominal surgery

Ø β-blocker use

Ø Icodextrin use

Ø Kidney transplantation

Ø UF failure

Ø Higher peritoneal solute transport rate

Ø Duration of UF failure



Williams et al, J Am Soc Nephrol 2002;13:470-479

Peritoneal Fibrosis in Long-Term PD

Normal peritoneum After 5 y PD

Therapeutic Options?



Therapeutic options
ü Limited,  high 

mortality

Preventive options
ü Biocompatible 

solutions
ü Controlling the 

peritonitis episodes
ü Stem cell therapy?



Types of stem cell:

Embryonic stem cells

Tissue stem cells

Induced pluripotent (iPS) stem cells

Advantage: no need for embryos!



Mechanisms Associated with MSCs-Based Therapy



Mechanisms Associated with MSCs -Based Therapy



Peritoneal 
Dialysis
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Chronic 
Kidney 
Disease

Pilot study

Ø14 CKD Pts, Stage :III-IV, CKD duration:8.5 y
ØEthic code: D/2310/130/90, IRCT: IRCT201204248349N1
ØAutologous-BD-MSCs
ØSystemic Infusion
ØCell:0.7*106/Kg (50,000,000 MSCs)
ØSafety
ØKidney Function
ØSystemic Inflammatory status (IL-6, TNF-a, IL-2, IL-10, hs-
CRP, IL-18)





Serum creatinine: P=0.04, R= 0.003/ month vs -0.009/ month
GFR (MDRD, Cochraft): non significant

Stabilization of Kidney Function Based on Slope of 
Serum Creatinin
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MSCs therapy on experimental models of peritoneal fibrosis













Design: Measured Outcomes

Histological 
Parameters

Peritoneal Permeability 
Function

Peritoneal Cytokine 
Content

Inflammation UF volume TGF-B

Submesothelial
thickness

Glucose uptake
(Dt/ D0 glucose)

TNF-a, IL-6, IL-2, IL-
10, IL-1B, VEGF

Angiogenesis Glucose mass transfer pSMAD2

Fibrosis Solute permeability 
(D/P Cr, D/P Urea) TSG-6 



Improvement in submesothelial thickness 
Attenuation of inflammation 
Attenuation of angiogenesis 
Attenuation of fibrosis 
Increased in UF volume 
Improvement in glucose uptake, glucose mass transfer and solute 
transport 
Attenuation of TGF-β
Attenuation of TNF-a

Positive Effects of MSCs on Peritoneal Fibrosis



Pilot Study of MSCs Therapy in PD Patients

Ø9 PD Pts, PD Duration>2years, using Ico or Dex.3.85% for night dwell as a surrogate marker of 
hypervolemia
ØAutologous Adipose-Tissue Derived -MSCs

Ø Ethic code: 93-03-47-27290-146850, IRCT: IRCT2015052415841N2

Previous experiment: Bone Marrow Derived -MSCs in-vitro proliferation 
was achieved only in 64% (9/14 cases) of CKD patients.

ØIn-vitro culture of MSCs was successful in 100% of cases
Ø  MSCs :1.1*106/Kg
ØSystemic Infusion (cubital vein)

Co-culture of h-MSCs + glucose based PD fluid 

Glucose based PD fluid was toxic for h-MSCs in a dose and time dependent 
manner 
90% loss of MSCs after 6 h incubation with 3.8% glucose based PD fluid

Ø  Assessment



Design: Measured Outcomes

Histological 
Parameters

Peritoneal Permeability 
Function

Peritoneal Cytokine 
Content

Inflammation UF volume TGF-B

Submesothelial
thickness

Glucose uptake
(Dt/ D0 glucose)

TNF-a, IL-6, IL-2, IL-
10, IL-1B, VEGF

Angiogenesis Glucose mass transfer pSMAD2

Fibrosis Solute permeability 
(D/P Cr, D/P Urea) TSG-6 



Assessments 

Ø Safety and Feasibility of Procedure 

Assessment of SAEs, AEs based on Common Terminology Criteria for Adverse 
Events. Includes Clinical, Hematological and Biochemical Assessments

Ø Change in Membrane Function and Characteristics 

Assessment based on performing UNI-PET

Ø Change in Systemic and Peritoneal Inflammatory Cytokines (ELISA) 

TNF-a, IL-2, IL-6

Ø Change in Systemic and Peritoneal Mesothelial Marker (ELISA)

CA125

Ø Change in Peritoneal Fibrosis Marker Gene Expression (Quantitative Real Time -PCR) 

TGF-B, FSP-1, a-SMA



Results: Immunological Characteristics of Infused MSCs 

CELL 
PARAMETER
S

Pt ID:01 Pt ID:02 Pt ID:03 Pt ID:04 Pt ID:05 Pt ID:06 Pt ID:07 Pt ID:08 Pt ID:09

COUNT (N) 52×106 80×106 80×106 80×106 80×106 80×106 80×106 95×06 85*106

VIABILITY 
(%) 98 93 97 100 95 97 95 97 97

CD90 99.4 99.8 99.1 99 99.9 99.5 95.8 93.1 97.2

CD105 99.5 95.7 99.2 99.6 99.2 99.4 85.5 76.3 94

CD73 98.6 98.1 98.5 95.1 96.9 97.7 65.4 81.1 76.8

CD44 95.7 95.2 92.2 97.2 92.6 97.5 92.2 88.7 85.2

CD11B 27.6 30.4 28.8 2.1 16.8 11.1 3.5 2.4 15.2

CD34 2.07 2.37 1.41 0.34 3.26 4.02 0.4 0.52 1.9

CD45 0.01 0.03 0.4 0.02 0.01 0.06 0.27 1.6 1.06

MICROBIAL 
TEST BM Negative Negative Negative Negative Negative Negative Negative Negative Negative

Feasibility of 
Obtaining MSCs 

from lipo-Aspiration 
in PD subjects



Results: Safety As Primary Endpoint

1. No SAEs 

2. 14 Minor AEs

3. AEs were subside by itself or by supportive therapy

4. One episode of peritonitis at month 5th of follow-up

5. One episode of exit site infection at month 1st of follow-up

6. Phlebitis grade-2 in one patient

7. No significant change in hematological and biochemical parameters  over follow-up period

8. No significant change in dialysis adequacy parameters over follow-up period

9. Significant decrease in BMI and weight

Safety of 
MSCs therapy 
in PD subjects



Assessments 

ØChange in Membrane Function and Characteristics 
Assessment based on performing UNI-PET













Interpretation of peritonal 
equilibration test







Peritoneal Membrane Function Tests



UNI-PET: laboratory analysis



UNI-PET Parameters Calculation and Equation

Smit et al., Estimates of peritoneal membrane function--new insights. Nephrol Dial Transplant, 2006. 21 (2). P:16-9



qMembrane model:
The simplest and most popular model

qThree pore model :
Transport through a cylindrical pore across the membrane.

q Distributed model :
The blood capillaries are placed within the tissue at different distances 

from the peritoneal surface
(The most sophisticated model of peritoneal transport.)

Water and solute transport across membrane



Membrane Model



ØPore model (transport through a cylindrical pore across the membrane) with three types of 
pores: 

v Large pores with a radius of 250 Å (8%), 
v Small pores with a radius of 40-60 Å (90%)
v Ultra-small pores, or Aquaporin-1, with a radius of 3-5 Å, which are permeable only to water (2%)

Three Pores Model





.

INTERESTITIUM

Distant capillary:
Low Osmotic Gradient
Low filtration Fraction
Slow solute Diffusion

Distant capillary:
Low Osmotic Gradient
Low filtration Fraction
Slow solute Diffusion

Nearest Capillary :
High  Osmotic Gradient
High  filtration Fraction
High solute Diffusion

Nearest Capillary :
High  Osmotic Gradient
High  filtration Fraction
High solute Diffusion



Peritoneal Membrane Function Tests
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P= 0.2
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Assessments 

Ø Change in Systemic and Peritoneal Inflammatory Cytokines (ELISA) 

TNF-a, IL-2, IL-6

Ø Change in Systemic and Peritoneal Mesothelial Marker (ELISA)

CA125

Cytokine Levels in Peritoneal Effluent
Appearance Rate

(concentration of cytokine X volume of drained dialysis fluid)/ Dwell time (min)

Akman, S., et al., Adv Perit Dial, 2003. 19: p. 24-7



TNF-a Levels



IL-6 Levels



IL-2 Levels



CA125 Levels

Mild improvement in mesothelial 
marker of CA125 after MSCs 
therapy



Assessments 

ØChange in Peritoneal Fibrosis Marker Gene Expression Level 
(Quantitative Real Time -PCR) 

TGF-B, FSP-1, a-SMA

Gene expression was assessed on effluent-derived cells



Mild attenuation of TGF-B Expression Level



Mild attenuation of FSP-1 Expression Level



Mild attenuation of a- SMA Expression Level

Mild decreasing trend in 
fibrosis gene expression 
level after MSCs therapy





Discussions and Conclusions

ü We showed for the first time the feasibility and safety  of obtaining MSCs from 
adipose tissue in PD patients with susceptible peritoneal fibrosis

No serious adverse events

ü We showed for the first time that MSCs positively affect solute and fluid transport 
across peritoneal membrane in PD subjects with susceptible peritoneal fibrosis

Increase in FWT, UFSP, UFT, 24 h UF, Decrease in D/P creatinin

ü We showed for the first time that MSCs increased the force of dialysis glucose for 
producing ultrafiltration (indirect sign of peritoneal fibrosis and thickness) 

Increase in OGC



Discussions and Conclusions

üWe showed for the first time that MSCs might have a 
positive effect on mesothelial layer of peritoneum 

Mild increase in mesothelial marker of CA125

ü This effect was concomitant with the time of improvement 
in peritoneal membrane transport 

ü ? Mesothelial repair
ü ? More intact mesothelium
ü ? Has relation with improved peritoneal function



Discussions and Conclusions

üWe showed that fibrosis marker gene expression could be 
measured directly from effluent derived - cells
üMSCs produce a mild but non significant inhibitory effects 

on TGF-B, a-SMA and FSP-1 expression in effluent 
derived –cells.
üLow number of subjects might be a reason for not having a 

prominant effects



Suggestions
1- Adipose tissue might be a better source for in-vitro MSCs 
proliferation than bone marrow in uremic subjects
2- Systemic administration of MSCs might be more suitable than IP 
injection in PD subjects
3-Other cytokine network might be implicated in producing the 
effects of MSCs
4 –Repeated infusion of MSCs in appropriate interval might produce 
better results 
5- This study should be regarded as start for new approach in 
management of peritoneal fibrosis
6- To confirm the results, studies with Larger sample size, Longer 
follow-up period and Randomized control group are recommended




