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Objectives 

Peritoneal Membrane Structure and 
Function and Changes With Time 

 
What are ‘’Biocompatible’’ PD Solutions 
 
Impact on Markers of Peritoneal Membrane 

Integrity 
 
Impact on Preservation of Residual Kidney 

Function (RKF) and peritonitis risk 
 
The RKF/Transport Status/Peritoneal UF  

Paradox 



Peritoneal Dialysis:  
The Challenge 

= 



The Natural History of The Peritoneal 
Membrane: Structure 

‘’Virgin’’ peritoneum  
Peritoneum: 7 years of PD 

Nakayama, Perit. Dial. Int. 2005 25: S71-76S. 



2003 



The Natural History of The Peritoneal 
Membrane: Structure 

‘’Virgin’’ peritoneum  Peritoneum: 7 years of PD 

Nakayama, Perit. Dial. Int. 2005 25: S71-76S. 

Glucose 

GDP 

AGE 

 

acidic pH 5.2 

recurrent 
peritonitis 

Loss of 
residual 
kidney 

function 

Increasing ESRD 
vintage 

Genetic variation 



Peritoneal membrane morphology 
on long term PD: fibrosis 

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



Peritoneal membrane morphology 
on long term PD: neovascularization 

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



The Peritoneal Membrane At The 
Start  Of PD  

Davies et al, Kidney International (2004) 66, 2437–2445 

 

The Relationship Between D/P 
Creatinine and Ultrafiltration on the 
PET At The Start of PD  



The Peritoneal Membrane Over 
Time On PD  

Davies et al, Kidney International (2004) 66, 2437–2445 

 

Increasing Transport Status over time 
neovascularization 

Fibrosis: 

A given 
transport 

status over 
time leads to 

less UF: 

reduced 
osmotic 

conductance 
to glucose 



Glucose and Peritoneal Membrane 
Transport Status Chicken or Egg? 

Davies et al JASN 2001 



Glucose Loading And Peritoneal 
Membrane Changes  

Glucose Membrane 
Changes 



The Current State of Peritoneal 
Dialysis Solutions 

• Glucose based 
 
• Heat sterilisation  
   of glucose -> GDP 
 
•  GDP -> AGE 
 
• Hyperosmolar  
(360-511 mosm/kg) 
 
• Acidic pH (5.2) 
 

Impact on Peritoneal 
Membrane Structure and 

Function? 



Glucose: Friend or Foe ?   



Influence of pH on peritoneal 
macrophage function 

J. Am. Soc. Nephrol., Aug 1995; 6: 207 - 213.  



Recurrent Peritonitis and 
peritoneal membrane function 

Davies et al Davies et al Nephrol Dial Transplant (1996) 11: 498-506 



glucose 

GDP AGE 

+ protein 

+ protein 
+ uremia 

+ uremia 
degradation 



GDP’s  

Slide courtesy : Dr. A Jorres 



GDPs Inhibit Mesothelial Cell Proliferation 

Slide courtesty Dr. A Jorres 

Witowski et al, J. Am Soc Nephrol. 2000 11:729-739 



GDPs Inhibit Mesothelial Cell Proliferation 

Control medium      GDP Medium 
J Am Soc Nephrol 12:2434-2441, 2001 



Peritoneal AGE deposition: Correlation with 
fibrosis and ultrafiltration failure 

Honda  et al, NDT 1999;14:1541-1549 



Peritoneal AGE deposition: Association 
with solute transport 

Nakayama et al, Kidney In. 1997;51: 182-186 

Cr 
β2M alb 



GDP (methylglyoxal) stimulates 
EMT in rate mesothelial cell culture    

Nephrol Dial Transplant (2009) 24: 437–447  

(dual positive cells) 





Options: Minimize glucose 
mediated toxicity 

• Glucose minimization 
 
• Icodextrin 
 
• Amino acid based solutions 

 



Options: Low GDP solutions 
 

• Traditionally heat sterilization of fluids  
 
• avoidance of caramalization of glucose at low pH 
 
• GDPs produced 

 
• Dual chamber separates glucose from catalyzing 

substances 
 
• Lowers pH in glucose compartment (approximately 

2.8)  
 
• allows for reduced GDP in production and storage) 
 

 
 
 



Low GDP Solutions 

Staysafe 

Bicavera 

(FMC) 

Staysafe 

Balance 

(FMC) 

Gambrosol 
Trio /Saltrio 

(Gambro) 

Physioneal 
 

(Baxter) 



GDP content of PD solutions: Total 
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Erixon M, PDI 2006;26 490-497 



PERITONEAL AND RENAL TOXICITY 



All GDP’s are toxic but some more toxic than 
others 

3,4-di-deoxyglucosone-3-ene promotes leukocyte apoptosis 
Kidney International, Vol. 68 (2005), pp. 1303–1311  

 



All GDP’s are toxic but some more 
toxic than others 

 2005 Aug;54(8):2424-9. 



Buffer and pH of low GDP 
solutions 

Lactate 
(mmol/L) 

Bicarbonate 
(mmol/L) 

pH 

Physioneal ® 25 15 7-7.4 
GambrosolTrio/ 
Saltrio  (FMC)® 

39-41 0 6.5 

Balance® 40 0 6.8 

Bicavera® 0 34 7.1 



Increase in markers of mesothelial 
cell viability 

 

Kim et al, Nephrol. Dial. Transplant. 2009 24: 2899-2908 



CA-125 increases with low GDP 
solutions: 

• Fusshoeller NDT 2004; 
• Jones et al KI, 2001 
• Zeier KI 2004 
• Rippe KI 2001 
• Haas Jasn 2003 
• Williams et al KI 2004 
• Choi et al PDI 2008 



Clinical Experience: Low GDP, 
neutral PH solutions 

◊ survival 
 
◊ residual kidney function 
 
◊ peritonitis  
 
◊ small solute transport characteristics 
 
◊ peritoneal UF capacity 
 



Low GDP solutions and survival 

Lee, Nephrol Dial Transplant 2006; 21:2893-2899 



Clinical Experience with Low GDP solutions 
(Lee et al):  

• Observational study (1909 patients) 
 

• Balance solution 
 
• Excluded patients from initial analysis (n=305) 
  who switched solutions, had excellent 
 survival 
 
• Counfounding by indication 

 
• younger patients and experienced centres most likely to receive novel 

solutions.  
 

• Adjustment for diabetes and age 
 

•  no other comorbidity and biochemical paramaters  
 
 



Study N Follow-
up 

Pop. Design Solution RKF UF Solute 
Transport 

Euro-
Balance 
KI 2004 

86 24-wks 
(12/12) 

Prevalent Multicentre 
Crossover 
RCT 

Balance ↑ ↓ ↑ 

Fan et al 
KI 2007 

93 1-year Incident 
59 APD 

SingleCentre 
RCT 

Physioneal/ 
Balance 
(free ico 
use) 

↔ ↔ ↔ 

Choi et al 
PDI 2008 

104 1-year Prevalent 
CAPD 
34 anuric 

Single Centre 
RCT 

Balance ↔ 
 

↑ ↔ 
 

Montenegro 
Et al PDI 
2006 

36 1-year Incident 
CAPD 

Prospective 
Obs. study 

Bicavera ↑ 
 

↓ 
 

↔ 
 

Szeto et al 
NDT 2007 

50 1-year Incident 
CAPD 

SingleCentre 
RCT 

Balance ↔ ↔ ↔ 
 

Kim et al 
NDT 2009 

91 1-year Incident 
CAPD 

Multicentre 
RCT 

Balance 
 

↑ ↓ ↑ 



The relationship between RKF, Peritoneal 
UF, and small solute clearance 

Kim et al Nephrol. Dial. Transplant. 2009 24: 2899-2908 



Urine volume vs. Peritoneal UF 

Nephrol Dial Transplant (2006) 21 [Suppl 2]: ii47–ii50  



Urine volume vs. Peritoneal UF 



JASN 2012  



balANZ 

• multicenter, open-label, parallel-group, randomized 
controlled trial in Aus and NZ 

 
• Adult >18 years old, GFR > 5mL/min/1.73m2 

 

• 1:1 neutral pH, lactate-buffered low GDP Balance 
solutions vs. conventional standard lactate-buffered PD 
solutions (stay.safe) 
 

• Free use of icodextrin in both groups 
 

• CAPD until 2006 then APD patients included  

 
  

 



balANZ 

Primary outcome:  
• slope of decline over time of residual renal function 

– arithmetic mean of 24-hour urinary urea and creatinine 
clearances  

– 0, 3, 6, 9, 12, 18, and 24 months  

 
 Secondary outcomes: 
• time from randomization to occurrence of anuria (urine 

volume ,100 ml/d)  
• weight, BP, urine volume, peritoneal ultrafiltration 

volume, serum albumin, hemoglobin  
• peritonitis-free survival, technique survival, patient 

survival, and adverse events.  
 
 

 





Results of  Primary Outcome:  Slope of GFR Decline 

Standard Solution Group  Low GDP Group  

• Year 1 0.06 mL/min difference in GFR decline  [95% CI], -0.05 to 0.17; P=0.17 
• Year 2 0.01 mL/min difference in GFR decline  [95% CI], -0.18 to 0.20; P=0.9.  
• Across the two 12-month periods p=0.06;  
 

P=0.06 



Secondary Outcome: Time To Anuria  

adjusted hazard ratio [HR], 0.36; 95% CI, 0.13–0.96  
 



Urine Volume Biocompatible Vs. Control  

Time of Assessment (months) 
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24 hour UF: Biocompatible Vs. Control  



Preliminary Results From The TrioTrial 

Sikaneta et al unpublished 

Glomerular filtration decline  
 
Low GDP group:  0.1160(+/-0.024) mL/min/month 
  
Standard Arm: 0.1678 (+/-0.023) m/min/month  
 
Difference:  0.0518 mL/min/month  p=0.1130.  

Glomerular filtration decline  
 
Low GDP group:  0.1160(+/-0.024) mL/min/month 
  
Standard Arm: 0.1678 (+/-0.023) m/min/month  
 
Difference:  0.0518 mL/min/month  p=0.1130.  

Gambrosol Trio ® -n=50  vs. Dianeal ® n=49 



Residual Kidney Function : Results of A Meta-Analysis  

Cho et al KI 2013 
With 12-24 months of follow-up 



Residual Kidney Function : Results of A Meta-Analysis  

Cho et al KI 2013 
With 24 months or greater  follow-up 



Urine Volume: Results of A Meta-Analysis  

Cho et al KI 2013 All Studies  



But Since Then ……  
 
three large trials (Cho K et al, Park et al and Lui et al), all of which 
were published after the Cho K et al meta-analysis  

 
added over 350 patients 
 
Two trials included that maybe shouldn’t have been: 

 
 pediatric patients (Haas et al)  
 Less than ten patients in study included in their analysis of 

peritoneal UF (Coles et al) .  
 Randomized study conducted by Fan et al had challenges in 

interpreting final data .  
1. Cho, K.H., et al., The effect of low-GDP solution on ultrafiltration and solute transport in continuous ambulatory peritoneal dialysis patients. 
Perit Dial Int, 2013. 33(4): p. 382-90. 
2. Park, S.H., et al., Effects of neutral pH and low-glucose degradation product-containing peritoneal dialysis fluid on systemic markers of 
inflammation and endothelial dysfunction: a randomized controlled 1-year follow-up study. Nephrol Dial Transplant, 2012. 27(3): p. 1191-9. 
3. Lui, S.L., et al., A combination of biocompatible peritoneal dialysis solutions and residual renal function, peritoneal transport, and inflammation 
markers: a randomized clinical trial. Am J Kidney Dis, 2012. 60(6): p. 966-75. 
4. Haas, S., et al., Improved acidosis correction and recovery of mesothelial cell mass with neutral-pH bicarbonate dialysis solution among 
children undergoing automated peritoneal dialysis. J Am Soc Nephrol, 2003. 14(10): p. 2632-8. 
5. Coles, G.A., et al., A controlled trial of two bicarbonate-containing dialysis fluids for CAPD--final report. Nephrol Dial Transplant, 1998. 13(12): 
p. 3165-71.  
 6. Fan, S.L., et al., Randomized controlled study of biocompatible peritoneal dialysis solutions: effect on residual renal function. Kidney Int, 2008. 
73(2): p. 200-6.  
 



Meta Analysis By Yohanna, Jain et al  



Impact on Residual Kidney Function 

Yohanna…. Jain et al unpublished 

All Durations of follow-up 



Impact on Urine Volume  

Yohanna…. Jain et al unpublished 

All Durations of follow-up 



Impact on Peritoneal Ultrafiltration 

Yohanna…. Jain et al unpublished 

All Durations 

Greater  
than 12   

months duration 



Yohanna…. Jain et al unpublished 

< 12 months 
Durations 

>12   
months duration 

Impact on Transport Status (D/P cr)  



Secondary Outcome: Time To First 
Peritonitis   

Incidence Rate Ratio,( adjusted) 0.64 (95% CI, 0.42–0.98)  



Peritonitis By Organism 

Johnson et al PDI 2012  



Peritonitis Severity  

Johnson et al PDI 2012  

IRR 0.8 95% CI: 0.48 to 1.3) 

61% of peritonitis episodes hospitalized in each group!!! 



Peritonitis Severity  

Johnson et al PDI 2012  

Rating of Peritonitis Severity By Clinician 

Biocompatible Control  

Mild  14 7 

Moderate 17 52 

Severe 7 8 



Peritonitis: Results o A Meta-Analysis 

Cho et al KI 2013 



Peritonitis: Observational Data 

Cho et al CJASN 2013 



Other Outcomes: Results of Meta-Analysis  



UF failure 
second most 
common cause 
of transfer to 
hemodialysis 

 



No adverse metabolic 
consequences with absorption 

No long term alterations in peritoneal 
membrane function with use 

No alteration of 
peritoneal host defences 

Delivers prolonged and sustained 
ultrafiltration sodium removal and solute 
clearance (middle and small molecules) 

No induction of peritoneal and 
systemic inflammation 

If absorbed, may yield 
positive nutritional, 
metabolic effects 



We Are Still Searching For The Holy Grail 



+ Be Cautious of Unintended Consequences With 
New Technology: Thank you! 
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