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Patient Survival at 2 years 
Study  Transport Status 

  LOW LA HA HIGH 

CANUSA 

 

Proportion 

 

(P=0.11) 

6.8% 

 

91% 

31.7% 

 

80% 

46.2% 

 

72% 

15.3% 

 

71% 

Stoke PD 

Study 

 

Proportion 

 

(P<0.01) 

 

8.1% 

 

86% 

 

50.5% 

 

87% 

 

31.5% 

 

75% 

9.9% 

 

58% 

 

Karolinska 

Institute 

 

Proportion 

 

(P<0.01) 

13% 

 

100% 

28.2% 

 

90% 

44% 

 

85% 

15% 

 

64% 
 

 ISPD Congress, Seoul, 1998 





The 3-pore model enables estimation of the 
diffusion area-distance in two ways: 
• From the clearance of molecules (proportional to their molecular size) 

• From the ultrafiltration coefficient 

• The 3-pore model expresses area-distance (A0/x) in cm. 

• For the glomerulus these two values are the same – 40-50x106 

• For the peritoneal membrane the values derived are MUCH smaller 
and 10 fold different from each other (25,000 cm for molecule 
clearance, 250,000 cm for UF coefficient) 

• The most likely explanation is the longer diffusion distance for the 
peritoneal membrane – (pore length and interstitium) – whereas the 
UF barrier in ‘healthy’ membrane is the junctional break 





Modelling the membrane with 
equations  
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What are the successes of the 3-pore model? 

• Prediction of the aquaporin pathway 

• Predicts small-pore fluid reabsorption (by incorporating Starlings 
forces) 

• Predicts large pore protein leak due to local membrane inflammation 

• Predicts that icodextrin will work 
• Including hybrid solutions 

• Predicts sodium losses and how low sodium solutions will behave 

• Provides insight as to the mechanisms of un-coupling of solute 
transport and UF coefficient with time on PD – incorporating the 
fiber-matrix model 

 



Controversy: How does fluid get absorbed 
from the peritoneal cavity? 

• Starling, EH and Tubby “On the paths of fluid reabsorption from the 
peritoneal cavity.” J Physiol 1894 
• Dye injected intraperitoneally appears in urine before lymhpatics = aborbed 

via peritoneal blood vessels 

• Courtice FC and Simmonds WJ “Physiological significance of lymph 
drainage of the serous cavities and lungs” Physiol Rev 1954 
• Drainage is fluid is almost exclusively via the lymphatics – based on the 

disappearance of labelled proteins, red cells and particulates 



Experimental Data    Mathematical modelling      
Asghar & Davies         Rippe & Ventruoli  

Kidney International, 73: 1048–1053, 2008 

Fluid reabsorption via the small pores -  





How does solute transport affect survival? 

• Worse ultrafiltration 
• Early loss of osmotic gradient causing less efficient aquaporin mediated UF – 

treated by using automated overnight PD to achieve shorter dialysis 
exchanges 

• More rapid fluid reabsorption in long dwells via the small pores – treated by 
using a polyglucose dialysis solution that maintains a prolonged oncotic 
pressure gradient 

• Association with inflammation –  

• Impact of local inflammation on plasma albumin 



1. Confirmed intra-peritoneal IL-6 production strongest 
known predictor of peritoneal solute transport 

2. Inflammatory cytokines correlate within intra-peritoneal 
and systemic compartments independent of each other. 

3. Systemic but not intra-peritoneal inflammation predicts 
survival 

4. High transport predicts worse survival in prevalent 
patients independent of local inflammation 



Baluk & McDonald, Am J Physiol 1994;266:L461-L468 



  β  95% CI 

  D/P creatinine (for each 0.1 increase)  11.88 7.8-15.9 

  lg Dialysate IL6 AR (for each unit increase) 8.704 0.82-16.59 

  lg Plasma IL6 (for each unit increase) 5.55 -10.05-21.15 

  Plasma Albumin (for each 1g/L increase) -2.695 -3.76- -1.63 

  Age (year) 0.036 -0.28-0.35 

  gender (compare with female) -0.451 -9.46-8.56 

  Comorbidity Grade 1 (compared with Grade 0) 6.723 -3.05-16.49 

  Comorbidity Grade 2 (compared with Grade 0) 10.01 -9.81-29.83 

ASSOCIATIONS WITH PERITONEAL 
PROTEIN CLEARANCE  
 

3 centres, 2 UK, 1 Korea; n=257 incident 
patients. 



Predicting ultrafiltration with icodextrin 

• In the standard the Pyle & Popovitch membrane model there is hardly 
any difference in osmotic efficiency among solutes of different sizes  

• The 3-pore model explains why high molecular weight (MW) solutes 
are more efficient on a molar basis than osmotic agents (e.g. glucose) 

 





Correlation between observed and predicted dialysate sodium 
concentration, r.0.82, P<0.001 



 Group A 
[Na+ ] =  115 mmol/l,  
the glucose (G) was increased 
to 2.0% to compensate for 
reduced osmolality  
 
Group B 
[Na+ ] =  102 mmol/l), glucose 
was unchanged (2.5%). 

NDT, 2008 



Davies, SJ,  KI, 2004 

Longitudinal un-coupling of solute transport 
and ultrafiltration coefficient 

Glucose 2.27%: includes over fill of 200 ml 
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* * 
† 

* Stoke PD Study 

 

Longitudinal changes 
in membrane function 
for 9 patients 
developing EPS and 
controls matched (x4) 
for duration of 
completed time 
(mean 78.5 months) 
on PD 

* P < 0.02 

† P = 0.007 

Lambie, M et al, KI , 2010 



Longitudinal membrane change in EPS v. patients with normal UF or UF Failure 

Sampimon, DE et al, NDT, 2011 

Solute transport             Net Total UF 



Am J Renal Physiology, 2006 



The fiber-matrix model shows how interstitial 
fibrosis might explain the functional characteristics 
of acquired membrane injury 

Progressive increase in solute transport but no increase 
in UF coefficient due to increased fiber-matrix 

Changes are acommpanied by reduced sodium 
sieving (but no changes in the aquaporins 





JASN, 2015 



JASN, 2015 

Red  area is 
collagen 



• In patients with stable membrane function, fibrinogen γ-chain and heparan 
sulphate proteoglycan core protein progressively increased over time on PD. In 
patients 

• Patients who developed EPS, collagen-α1(I), γ-actin and Complement factors B 
and I were elevated up to five years prior to diagnosis. 

• Orosomucoid-1 and a2-Hsglycoprotein chain-B were elevated about one year 
before diagnosis, while apolipoprotein A-IV and α1-antitrypsin were decreased 
compared to controls 

• Intelectin-1, dermatopontin, gelsolin and retinol binding protein-4 were 
elevated in proteome-mined samples from patients with EPS compared to 
patients that had just commenced peritoneal dialysis. 

• prospective analysis of peritoneal effluent uncovered 
proteins indicative of inflammatory and pro-fibrotic injury 



• Abundant production my mesothelial cells – especially 
when stimulated by pro-fibrotic cytokines 

• Increased expression in PD membrane biopsy samples 
• Increased in dialysate over time (Global Fluid Study) 
• Associated with requirement for icodextrin, peritonitis 

history and dialysate cytokines  



Davies, S. KI, 2016 



What are the limitations of the 3-pore model? 

• Considers the membrane as a uniform, flat plane – whereas we know 
that in truth blood vessels are embedded within a membrane 
structure 

• It does not address the dynamic aspects of the membrane – e.g. 
blood flow rates through vessels – is cannot distinguish between new 
vessel formation and regional changes in blood flow 

• It cannot distinguish where within the membrane the greatest effects 
reducing ultrafiltration occur – e.g. at the capillary wall or within the 
interstitium 

• These require integration with a distributed model of the membrane 



"Only . . . by way of experiment, can we 
hope to attain to a comprehension of 
the wisdom of the body ………… and 
thereby to the mastery of disease and 
pain, which will enable us to relieve the 
burden of mankind." 
 

                   Lancet, 1923, 2: 865.  

Ernest Henry Starling 




