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Importance of the Peritoneal 

Membrane in PD

• Primary Interface for Dialysis

• Home-based Therapy Enabler.

• Residual Kidney Function (RKF) 
Preservation

• Immunological Role

• Long-term Dialysis Success



Aminu K. Bello, Nat Rev Nephrol. 2022 

Dec;18(12):779-793



Global Prevalence and Need for 

Improved PD
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Frontiers in Immunology, 13, 821681. 

https://doi.org/10.3389/fimmu.2022.821681
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https://doi.org/10.1016/j.xkme.2020.06.009



basic principles of 

PD 



Effective 

Peritoneal 

Surface in 

Solute 

Transport

Distributed model 

of the effective 

peritoneal surface 

and influence of 

blood capillaries 

and interstitial 

space on solute 

transport
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The three-pore model, representing 

the large pores, small pores and 

ultrasmall pores
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Natural history of peritoneal membrane changes

DOI: 10.5772/intechopen.111586



American Journal of Physiology-Renal 
Physiology 2016 311:5, F999-F1004



progressive structural changes 

in the peritoneal membrane



Epithelial-to-mesenchymal 

transition (EMT) 



López-Cabrera, Manuel. (2014). Advances in 

Medicine. 2014. 1-17. 10.1155/2014/473134. 



key challenges and factors 

contributing to membrane 

deterioration over time
1. Chronic Exposure to Glucose-Based Solutions

2. Oxidative Stress and Inflammation

3. Recurrent Episodes of Peritonitis

4. Epithelial-to-Mesenchymal Transition (EMT)

5. Angiogenesis and Increased Vascularity

6. Loss of Aquaporin-1 (AQP1) Function

7. Genetic and Individual Variability

8. Encapsulating Peritoneal Sclerosis (EPS)

9. High Transport Status



The therapeutic strategies 

The therapeutic 

strategies may be 

designed either to 

prevent or reverse the 

MMT itself, to 

decrease the MMT-

promoting stimuli, or 

to treat MMT-

associated effects to 

avoid their 

accumulation in the 

compact zone. 



Strategies to Address These 

Challenges:
1.Optimizing the PD Prescription

1.Use of Biocompatible Solutions:

1.Minimizing Glucose Exposure

1.Early Detection of Membrane Dysfunction

1.Management of Peritonitis

1.Preserving Residual Kidney Function

1.Research on Cytoprotective Agents









Prescription Modification

21

• Effective means of improving clearance
• Minimum impact on patient lifestyle
• Adjust nighttime exchanges first
• Use 2.0L or greater whenever possible



Prescription Modification

22

• Cycler time can be extended to 10 hours
• Increasing cycler time with a constant 

number of exchanges increases dwell time 
which increases clearance

Increase Number of Nighttime Exchanges
• May increase clearance, but only if time on 

cycler is also increased



Prescription Modification
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• This is a very effective means of improving 
clearance

• Machine can be programmed to deliver the 
midday exchange



Causes of hypervolaemia due to 

insufficient daily UF.
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Strategies to maximize volume 

status control.
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Optimizing PD prescription for 

the type of peritoneal transport.
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Initiate Therapy

Measure Clearances

Adjust Therapy
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Clinical Practice Guidelines of the Canadian Society of Nephrology for treatments of Patients with CRF

JASN 10: S287-S321, 1999

Monitoring frequency

KT/V and Ccl:
• Within 6-8 weeks after commencing dialysis

• Every subsequent 6 month

• If patients clinical status changes 
unexpectedly, or if prescription is altered, 

take supplemental clearance measurements

PET
• Within 6 weeks of initiating PD

• Repeat if unexpected changes in peritoneal UF 
occur
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Peritoneal 

Equilibration 

Test (PET)

This should be done early in the course dialysis treatment (between 6 weeks and 12 
weeks) (GRADE 1A) 
and subsequently when clinically indicated. (practice point)

Perit Dial Int, 2021 Jul;41(4):352-372. doi: 10.1177/0896860820982218. 



Peritoneal 

Equilibration 

Test (PET)

Socioeconomic considerations: When resource constraints 

prevent the use of routine tests, consideration of membrane 

function should still be part of the clinical management and 
may be inferred from the daily UF in response to the 

prescription. (practice point).

Perit Dial Int, 2021 Jul;41(4):352-372. doi: 10.1177/0896860820982218. 



PD solutions
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Dextrose Amino acid Icodextrin

Osmolality (mOsm/kg) 346, 396 and 485 365 282 

Molecular Weight 

(Dalton) 
182 100-200 20,000 

Advantages 

Well studied 

Most commonly used for a 

long time 

Side effect profile well 

known to most of the 

nephrologists 

Can improve nutritional 

status in malnourished 

diabetic and/or patients 

with recurrent 

peritonitis 

Sustained 

ultrafiltration for many 

hours 

Decreased solute 

absorption 

Disadvantages 

Short lived 

ultrafiltration 

Metabolic complications 

like hyperinsulinemia, 

hyperglycemia, 

hyperlipidemia, and 

weight gain 

Expensive 

May increase nitrogen 

waste product in blood 

May cause/worsen 

acidosis

Increases serum levels 

of maltose, maltotriose, 

and oligopolysacharides

Indications 

first line peritoneal 

dialysis solution in all 

patients

Malnourished diabetic 

patients or 

Malnourished patients 

with recurrent 

peritonitis 

• Patients who lose UF

• to achieve sustained 

UF 

• increased solute and 

fluid removal In 

diabetic patients 

PD Solutions
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Advantages and disadvantages of 

glucose-based solutions.
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Advantages and disadvantages of 

icodextrin.
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False results in serum glucose and amylase 

tests

• Toxic effects of maltose not fully known

• Mild translocational hyponatremia



Physioneal –

Baxter

37

Balance –

Fresenius

Biocompatible fluids



Key Features of Biocompatible 

PD Fluids

Neutral or Near-Neutral pH

• Traditional PD fluids often have a low pH (~5.5) to improve shelf-life, but 

this acidity can cause peritoneal irritation and inflammation.

• Biocompatible fluids are buffered with lactate or bicarbonate to maintain a 

neutral or near-neutral pH, reducing peritoneal inflammation.

Low Levels of Glucose Degradation Products (GDPs)

• GDPs are by-products of glucose sterilization in traditional solutions, 

which are toxic to peritoneal cells and contribute to membrane damage.

• Biocompatible fluids are processed to minimize GDP formation, improving 

membrane biocompatibility.

Improved Osmotic Agents

• Some biocompatible fluids use alternative osmotic agents (e.g., icodextrin 

or amino acids) or low-glucose concentrations to reduce metabolic and 

peritoneal side effects.
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Benefits of Biocompatible PD 

Fluids

1.Reduced Peritoneal Inflammation

• Neutral pH and low GDPs decrease mesothelial cell damage and local inflammation.

Preservation of Peritoneal Membrane Function

• Lower risk of long-term membrane failure due to less fibrosis and sclerosis.

Improved Patient Outcomes

• Reduced pain during exchanges due to neutral pH.

• Lower risk of systemic complications such as hyperglycemia or metabolic acidosis.

Enhanced Ultrafiltration

• Alternative osmotic agents like icodextrin improve ultrafiltration in patients with membrane 
dysfunction or fluid overload.





https://doi.org/10.1016/j.biopha.2023.115246





Weighing the evidence on 

biocompatible peritoneal 

dialysis solutions



Clinical Practice Guidelines of the Canadian Society of Nephrology for treatments of Patients with CRF

JASN 10: S287-S321, 1999

Monitoring frequency

KT/V and Ccl:
• Within 6-8 weeks after commencing dialysis

• Every subsequent 6 month

• If patients clinical status changes 
unexpectedly, or if prescription is altered, 

take supplemental clearance measurements

PET
• Within 6 weeks of initiating PD

• Repeat if unexpected changes in peritoneal UF 
occur

44



(1)less than standard “full-dose” PD is initially 
prescribed in recognition of the value of residual 
renal function; 

(2)peritoneal clearance is initially less than the 
individualized clearance goal but the combination of 
peritoneal plus renal clearance achieves or exceeds 
that goal clearance

(3)there is a clear intention to increase dose of PD as 
renal clearance declines and/or symptoms appear.

Incremental PD lessens the workload of 
dialysis for those doing PD

Reduces cost and exposure of the 
peritoneal membrane to glucose, and may 



Kidney International Reports 2018 3763-764

DOI: (10.1016/j.ekir.2018.03.014) 



Adequate 

dialysis

Preservi

ng RKF



Incremental 

Versus 

Standard 

(Full-Dose) 

Peritoneal 

Dialysis

Kidney Int Rep. 2022;7(2):165-176. 



Comparison of outcomes of 

incremental vs. standard 

peritoneal dialysis: a systematic 

review 

Shuang Xu et al. BMC Nephrology, Sep,  2024 



• The potential benefits for RKF preservation and the lower risk of peritonitis 

• There are some concerns regarding this strategy, such as inadequate clearance of 

uremic toxins and/or severe electrolyte disturbances due to undetected loss of 

RKF, lower clearance of medium-sized molecules (such as β-2-microglobulin), 

which primarily depends on the total PD dwell time, and patients' reluctance to 

dose adjustments. 

• Current clinical evidence is based on moderate-quality to low-quality studies 

and suggests that the outcomes of IPD will be at least identical to those of a 

full dose.



Strategies to 

Minimize 

Peritonitis in PD 

Patients

1.Proper 
Catheter 

Insertion and 
Maintenance

Rigorous Hand 
Hygiene and 

Aseptic 
Technique

Prophylactic 
Antibiotics

Antimicrobial 
Exit-Site 
Protocols

Use of 
Disconnect 
Systems

Early 
Identificatio

n and 
Management of 
Infections

Nutritional 
Support and 

Immune Health

Prophylactic 
Antifungals 

with 
Antibiotics

Telemonitorin
g and Follow-

Up
Vaccination





the role of intraperitoneal 

interleukin-6 (IL-6) as a 

predictor of UF insufficiency 
• Patients with high IL-6 
AR have a significantly 

lower UF insufficiency-

free survival compared 

to those with low IL-6 

AR. 

• This supports the 
conclusion that elevated 

intraperitoneal IL-6 

levels may predict UF 

insufficiency in PD 

patients.
Song Q, Front Med (Lausanne). August, 2022 



Morelle J, et al. N Engl J Med. 

2021;385:1570-1580.

AQP1 promoter variant, water transport, 

and outcomes in peritoneal dialysis



Autophagy in peritoneal 
fibrosis

Su HY, et al. Front Physiol. May, 2023



Potential MMT 

modulators 

untested IN PD.

phaphuli LK. IntechOpen. 2023. 

https://doi.org/10.5772/intechopen.111586



Gut dysbiosis 
Wang H, et al. Kidney Med. 

2023;5(1):100645. 

https://doi.org/10.1016/j.xkme.2023.100645







Take Home Message

• In conclusion, PF is a complex process, and many 
factors contribute to the formation of fibrosis.

• PD solutions with high glucose content, chronic 
inflammation, inflammatory cytokines, 
angiogenesis, and mesothelial to mesenchymal 
transition are factors contributing to the 
fibrosis of the peritoneum.

• Although most of the experimental models are promising in preventing 
or delaying PD-related fibrosis, most of these recommended treatment 
options require further research.

• The lack of sufficient data from real PD patients and many inconclusive 
data make clinicians depend on conservative treatment such as PD 
holidays, discontinuation of PD, and nutritional support.



Take Home Message



Thank You








