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AbSTRACT

A review is given of the conditions associated with peritoneal membrane failure, 
and the possible causes. Ultrafiltration failure is the most important manifestation. 
It is mostly associated with high transport rates of low molecular weight solutes 
suggesting the presence of a large vascular surface area. Enlargement of the 
peritoneal surface area can be functional (effective surface area: more perfused 
microvessels) or anatomic (more microvessels). The former is likely to be present in 
some patients in the beginning of peritoneal dialysis, and also during peritonitis. The 
latter can develop in long-term peritoneal dialysis.

INTRODuCTION

Failure of the peritoneum as a dialysis membrane is characterized functionally by an 
insufficient ability to remove excess of fluid from the body. Consequently the removal 
of low molecular weight solutes, whose dismissal during continuous ambulatory 
peritoneal dialysis (CAPD) is markedly influenced by the drained volume like urea, is 
also impaired (1,2). A defective removal of solutes with a molecular weight exceeding 
100–150 Daltons will not be present in ultrafiltration failure, as their clearances or 
mass transfer area coefficients are mainly dependent on the vascular peritoneal 
surface area (3,4). The peritoneal transport of proteins is not only determined by 
the surface area, but is size-selectively restricted (5,6). This size- but not charge- 
(7) dependent restriction is called the intrinsic peritoneal permeability and can be 
expressed as a selectivity index or a peritoneal restriction coefficient. The former is 
the exponent of the power relationship between peritoneal protein clearances and 
their molecular weight, the latter is the exponent of the power relationship between 
protein clearances and their free diffusion coefficients in water (8). 
 Besides functional failure of the peritoneum, long-term peritoneal dialysis 
(PD) may lead to anatomic changes in the peritoneal tissues such as neoangiogenesis, 
vasculopathy, and fibrosis, sometimes causing encapsulated peritoneal sclerosis 
(9,10). This review will focus on the functional assessment of peritoneal membrane 
failure and pathogenetic mechanisms.

Ultrafiltration failure

Ultrafiltration failure has often been defined on clinical grounds, for instance as the 
presence of fluid overload despite the use of three or more 3.86/4.25% glucose-
based dialysis exchanges. This definition is subject to bias, because overhydration 
can also occur due to excessive fluid intake or reduced urine production. Based on 
scarce data from the literature (8,11–13), the following definition
has been suggested (14) and adopted internationally (15): ultrafiltration failure is 
present when net ultrafiltration is less than 400 ml after a 4-hour dwell with a 2 liter 
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3.86/4.25% glucose-based dialysis solution. Using a cutoff point of 500 ml instead 
of 400 ml resulted in a large number of patients in whom no cause of ultrafiltration 
failure could be established (unpublished observations). With the application of the 
400 ml/4 h definition a prevalence of 23% was found in a cross-sectional study in 
patients with a median CAPD duration of 19 (range 0.3–178) months (14). 
 The presence of a large peritoneal vascular surface area characterized 
by a high mass transfer area coefficient (MTAC) or dialysate/plasma (D/P) ratio of 
creatinine is the major cause of ultrafiltration failure. It leads to high absorption 
rates of low molecular weight osmotic agents and therefore to a rapid disappearance 
of the osmotic gradient. A large peritoneal surface area can be anatomic due to 
neoangiogenesis in the peritoneum (9) or functional when more existing peritoneal 
microvessels are perfused. The latter can be induced by vasoactive agents, like 
nitroprusside, or by inflammatory processes such as infectious peritonitis.
 Ultrafiltration failure associated with high MTACs or D/P ratios of creatinine 
can be present in patients directly at the start of dialysis, during peritonitis, and it can 
develop during the time course of PD. 

A large vascular surface area at the initiation of PD

An MTAC of creatinine exceeding 12 ml/min, defined as the mean ± SD of those 
within the range of normal distribution (16), was found in 20 of 66 PD patients who 
were investigated during the first half year of dialysis and who never had peritonitis. 
The median ultrafiltered volume in these 20 patients assessed with a 3.86/4.25% 
glucose solution was 345 ml/4 h. Twelve of them had ultrafiltration failure. The 
total number of the patients with a net ultrafiltration of < 400 ml/4 h was 27. The 
presence of a large effective peritoneal surface area in starting PD patients has been 
associated with comorbidity (17,18) and might therefore have been induced by 
chronic inflammation. A role for local peritoneal inflammation is suggested by the 
correlations that have been found between peritoneal effluent concentrations of 
interleukin-6 (IL-6) and of vascular endothelial growth factor (VEGF) with the MTACs 
and D/P ratios of creatinine (19–21). A recent analysis points to a relationship between 
mesothelial cell mass, expressed as dialysate CA125, and peritoneal transport status, 
partly mediated by VEGF (unpublished observations). 
 It is not known whether patients with a fast transport status at the initiation 
of dialysis have this condition because they have more peritoneal microvessels, or 
whether their vascular surface area is increased due to an increased number of 
perfused microvessels caused by locally produced vasoactive substances. The data 
on effluent IL-6 and VEGF suggest that at least part of the large vascular surface area 
is functional and induced by mediators. Also the observation that high initial D/P 
ratios often decrease during follow-up (21) supports this hypothesis.
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Peritoneal transport and inflammatory mediators during peritonitis

Acute peritonitis is associated with increased peritoneal transport rates of low 
molecular weight solutes and serum proteins (22, 23). This points to an inflammation-
induced increase in the effective peritoneal surface area caused by a larger number 
of perfused microvessels and vasodilation. This is supported by the higher peritoneal 
blood flow during peritonitis than after recovery from the infection (23). In addition 
a reduced size selectivity is present in the early phase (5), leading to a decrease in 
the peritoneal restriction coefficient to macromolecules (24). The presence of an 
increased effective peritoneal surface area leads to lower ultrafiltration rates on 
glucose-based solutions (22) and higher ultrafiltration rates on an icodextrin-based 
fluid (25,26). These functional alterations are temporary and disappear after cure 
from the infection (22). 
 The peritoneal transport alterations during peritonitis are likely to be 
caused by an increase in nitric oxide (NO) synthase activity, both the inducible and 
endothelial isoforms, as found during experimental peritonitis (27). Also data on an 
inhibitory effect of the arginine analogue L-NAME in an experimental model support 
this mechanism. Studies in CAPD patients have given some indirect evidence of 
increased NO activity (23,29), but measurement of relevant products of NO synthesis 
in peritoneal effluent is an insensitive method for the assessment of local NO activity. 
 The alterations in peritoneal permeability during peritonitis are also 
associated by increased concentrations of prostaglandins and cytokines in the effluent 
(23). In the acute phase the vasodilating prostaglandins, PGE2 and 6-keto-PGF1α were 
increased 10-fold, while the increase in the vasoconstricting thromboxane B2 (TxB2) 
was only 5-fold (24). Using multiple regression analysis the change in dialysate PGE2 

was related to the change in the intrinsic peritoneal permeability to macromolecules, 
but not to the alterations in the effective peritoneal surface area. Inhibition of 
prostanoid production by intraperitoneal administration of indomethacin resulted 
in lower concentrations of the vasodilating ones, both in animals (30) and humans 
(31,32), but the effect on peritoneal protein transport was equivocal. Indomethacin 
in non-peritonitis patients inhibited 6-keto-PGF1α, but had no effect on peritoneal 
transport (33). It follows from these findings that prostaglandins are mainly involved 
in large pore peritoneal transport during peritonitis only, and have no effect on the 
regulation of the vascular peritoneal surface area. 
 Peritonitis leads to the release of proinflammatory cytokines, chemokines 
and growth factors that can be measured in spent peritoneal dialysate, like IL-1, TNFα, 
IL-6, IL-8, MCP-1, huGROα, TGFß and FGF (24,34–37). The dialysate concentrations 
of IL-8 (34) and huGROα (36) were related to the maximum number of neutrophils 
in effluent. A relationship was found between the increase in the effective peritoneal 
surface area and that of dialysate IL-6 and TNFα (24). These observations suggest that 
many locally produced factors are involved in the temporary peritoneal alterations 



Peritoneal membrane failure in peritoneal dialysis patients

51

3

during peritonitis. It is unknown whether they influence the peritoneal structure on 
the long term.

Development of peritoneal membrane failure in long-term PD

Marked alterations in the peritoneal tissues can be present after long-term PD. They 
consist of an increased thickness of the submesothelial compact collagenous zone 
of the parietal peritoneum, sometimes accompanied by loss of surface mesothelium 
(10,38). Also in omental tissue interstitial fibrosis can be found (9). Extensive vascular 
abnormalities have been described. These include subendothelial hyalinosis, 
especially of the venules and small veins, but sometimes also of arterioles (10,39). 
Also an increased number of vessels has been found (9), especially in patients with 
ultrafiltration failure (10). The thickness of the submesothelial compact zone was 
related to the duration of PD, the absence of mesothelium and the prevalence of 
vasculopathy (10). A correlation has also been described between the number of 
peritoneal vessels and the fibrotic alterations (9). 
 The fibrotic and vascular abnormalities mentioned above are also present 
in patients with encapsulating peritoneal sclerosis, but much more severe. Signs of 
inflammation may be present, but this is not always the case. Single center studies 
with at least 200 PD patients during an observation period of 10 years reported a 
prevalence between 0.5 and 4.4%, as reviewed by Kawaguchi et al. (40). A registry 
study from Australia reported an over-all prevalence of 0.7%, but this increased with 
the duration of PD to 19.4% in patients treated for more than 8 years (41). It is not 
known whether this complication can be regarded as a late stage of the previously 
described morphologic abnormalities in long-term PD patients, or whether it must 
be considered as a separate disease. The observation that recurrent or non-resolving 
peritonitis often precedes the diagnosis of encapsulating peritoneal sclerosis (42) might 
suggest that an impaired host defense response (43) due to impaired mesothelial cell 
function can trigger the formation of adhesions in already damaged peritoneal tissues 
and lead to the clinical manifestations of encapsulated peritoneal sclerosis. 
 Ultrafiltration failure is the most frequent transport abnormality in long-
term PD. Based on a clinical definition its prevalence increased from 3% after 1 year 
on CAPD to 31% after 6 years (12). Using the 400 ml/4 h criterion (see section on 
ultrafiltration failure), its prevalence in 55 patients treated for more than 4 years 
was 36% (unpublished observations). Ultrafiltration failure was the main reason for 
discontinuation of PD in 51% of patients treated for more than 6 years in Japan (44). 
Four main causes of ultrafiltration failure can be distinguished (45): 1) the presence 
of a large vascular surface area; 2) a decreased osmotic conductance to glucose; 
3) the presence of a high disappearance rate of intraperitoneally administered 
macromolecules (‘lymphatic absorption’), and 4) an extremely small peritoneal 
surface area, e.g. due to multiple adhesions. 
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 All studies (for a summary see 45) have shown that the presence of a large 
vascular surface area leading to a rapid disappearance of the osmotic gradient is by 
far the most frequent cause of ultrafiltration failure in long-term patients. This fits 
very well with the increased number of peritoneal vessels that has been described 
in long-term PD (9,10). However, combinations of various causes are possible, 
for instance between points 1 and 2 and points 1 and 3 above (14). A decreased 
osmotic conductance to glucose might in principle be due to a decreased peritoneal 
ultrafiltration coefficient or to a decreased aquaporin mediated water transport. 
Although the expression of aquaporin-1 is normal in ultrafiltration failure (46), 
clinical evidence has been obtained for an impairment of its function, especially in 
long-term PD (47–49). A high effective lymphatic absorption rate, measured as the 
clearance of intraperitoneally administered macromolecules, is another important 
cause of ultrafiltration failure. In a recent study comparing 11 long-term PD patients 
with 12 treated for a shorter duration, a significantly higher absorption rate was 
found in the long-term ones (50). However, we were unable to confirm this in 132 
patients, 24 of them followed longitudinally (unpublished observations). 
 The peritoneal transport rates of low molecular weight solutes increase with 
the duration of PD, despite the development of fibrotic alterations (51,52). This was 
not found for peritoneal albumin clearance, while that of α2-macroglobulin was even 
lower in patients treated for at least 4 years compared to those in their first year of 
treatment (53). Consequently the size selectivity of the peritoneum to macromolecules, 
expressed as the restriction coefficient, increased (53,54). It is unknown whether this 
increase in size selectivity is caused by the fibrotic alterations. If so, the calculation of 
the restriction coefficient could reflect the degree of peritoneal fibrosis. 
 The dialysate concentration of the glycoprotein cancer antigen 125 (CA125) 
can be considered to represent mesothelial cell mass in stable PD patients (for review 
see 55). Long-term patients have lower levels of CA125, both in cross-sectional (56) 
and longitudinal studies (57). This is in accordance with the loss of mesothelial cells 
that has been found in long-term patients (10). The finding that patients with a low 
CA125 had a higher restriction coefficient than the others (56) is also in accordance 
with the more severe fibrotic alterations in patients with absent mesothelium in 
their peritoneal biopsies (10).

CONCLuSIONS

Peritoneal membrane failure is functionally characterized by impaired ultrafiltration, 
mostly associated with high transport rates of low molecular weight solutes. It 
may be present at the start of dialysis, during peritonitis and may develop during 
long-term PD. Especially in the latter situation it is due to extensive morphological 
alterations in the peritoneal tissues, while in the former two it is mainly functional 
due to the effects of vasoactive substances.
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