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ABSTRACT

ABstRAct

Background: Encapsulating peritoneal sclerosis 
(EPS) is a serious complication of peritoneal 
dialysis (PD) with a multifactorial pathophysiology 
and possible increasing incidence.

Methods: A multicentre case controlled 
study investigating the incidence of EPS and 
associations of PD duration, age, dialysis fluids 
and kidney transplantation with EPS in the 
Netherlands. 

Results: From January 1st 1996 until July 1st 2007 63 
cases of EPS occurred. Control cases (126) were 
selected from the national registry and matched 
for the date of start PD. EPS incidence increased 
until 2005, despite a stable PD population. EPS 
patients were younger at start of PD, compared 
with controls (34.7 ± 15.4 vs. 51.5 ± 14.7 years, 
p<0.0001). The cumulative period on PD was 
longer in the EPS than the control group (78.7 ± 37.8 
vs. 32.8 ± 24 months, p<0.0001). The cumulative 
period on icodextrin was longer in EPS patients 
(32.7 ± 23.3 vs. 18.1 ± 15.7 months, p=0.006). 
More EPS patients had kidney transplantations 
compared with the controls (47 vs. 59, p<0.0001). 
With regard to time after transplantation, the 
yearly probability of EPS increased in the year 
after transplantation from 1.75% to 7.5%. In 
multivariate regression analysis cumulative PD 
time, age at start PD, transplantation, time since 
last transplantation until EPS, calendar time, time 
on icodextrin and ultrafiltration failure (UFF) were 
independently associated with EPS. 

Conclusions: The incidence of EPS has increased. 
PD duration, age, kidney transplantation, UFF, 
and time on icodextrin were associated with a 
higher risk of EPS.
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intRODUctiOn

Encapsulating peritoneal sclerosis (EPS) is a rare but serious complication of peritoneal 
dialysis (PD) with a considerable morbidity and mortality. In EPS patients extensive 
fibrosing of the peritoneum leads to symptoms of malnutrition and intermittent bowel 
obstruction. Finally, encapsulation may result in a complete cocooning of the bowel 
with clinical symptoms of ileus.

The pathophysiology of EPS is probably influenced by multiple factors. The widely 
accepted second hit theory assumes a progressively damaged peritoneum by 
prolonged use of dialysis fluids, which may be complicated by factors that aggravate 
the peritoneal sclerosis 1. The bioincompatibility of dialysis fluids, in particular the 
unphysiologically high glucose concentrations and the presence of glucose 
degradation products are thought to be key elements in this process 2. Some agents 
have been identified as possible second hit, such as chloorhexidine 3 and practolol 
4, and are subsequently not used anymore. The data on the role of the presence 
of microbial peritonitis on the development of EPS remain equivocal 5-7. In recent 
years other candidate factors besides PD duration 8 came forth from a number of 
observational single and multicentre studies. These included cessation of peritoneal 
lavage 8 and possibly factors associated with kidney transplantation 9.

The reported prevalence of EPS ranges from 0.7 % to 3.3 % 2,8,10,11. The majority 
of the experience comes from Japan, where patients tend to be on PD for a longer 
period because the availability of kidney transplantation is limited 8.  Recently, we 
reported an increased incidence of EPS over the 10 last years 12. Particularly striking was 
the occurrence of EPS shortly after kidney transplantation. More definite conclusions 
could not be made due to the limited number of patients and the absence of a 
control group. Therefore, we designed this case controlled study in which eight 
large centres participated, giving 26% coverage of the total Dutch PD population 
in the period 1996-2007. This design enabled us to investigate the incidence of EPS 
and the influence of PD duration, age, peritonitis episodes, dialysis fluids and kidney 
transplantation on the development of EPS.

sUBJects AnD MetHODs

Design
The design of the study was a retrospective nested case controlled multicentre study, 
as it is closest to a cohort study in which a defined cohort of PD patients is followed 
until some develop EPS. To assure comparability of cases and controls in this case 
control design two possibilities were used. First, the cases and controls without EPS in 
our study were taken from the same source population, a clearly defined cohort of all 
PD patients in the Netherlands (RENINE, Registratie Nierfunctievervanging Nederland). 
In this registry all Dutch end stage renal disease (ESRD) patients with renal replacement 
therapy are registered 13. This makes the study a nested case-control study. For each 
case two control patients were selected. Second, we matched cases and controls 
for the start date of PD (calendar time) since the general changes in time (such 
as changes in surgical and nursing staff or procedures) could be confounders. This 
matching on calendar time brings the design close to a cohort study: each set of a 
case and its controls start PD at a certain time point on which they theoretically have 
the same probability to develop EPS. 
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Patients and controls were deliberately not matched for PD duration to allow 
for an evaluation of this potential EPS risk factor, throughout the study period and in 
relation to other potential risk factors.

The participating centres were five university hospitals and three large teaching 
hospitals. Cases in the period 1996 - 2007 were identified. The study protocol was 
approved by the medical ethics committee of the Erasmus University Medical Centre, 
Rotterdam.

Classification and diagnosis of EPS
EPS was defined according the criteria developed by the International Society of 
Peritoneal Dialysis 14. It is defined as a clinical syndrome with persistent or recurrent 
presence of intestinal obstruction with or without the existence of inflammation 
parameters and the existence of peritoneal thickening, sclerosis, calcifications and 
encapsulation confirmed by macroscopic inspection or radiological findings.

Using this definition the studied population was limited to severe forms of intestinal 
obstruction. This minimised the possibility of missing patients in the retrospective 
analysis. Medical records of patients with EPS were reviewed in detail. EPS diagnosis 
was retrospectively set at the date at which the diagnosis fulfilled the definition of EPS 
and was confirmed by two separate nephrologists. All patients underwent abdominal 
CT scanning. 

investigated variables
Demographics, PD and patient related variables were investigated. The duration 
on PD was calculated by adding all separate episodes on PD. Whenever a patient 
was on other renal replacement therapy, for longer than a week, this time was not 
included. Follow-up time was defined as the period from start PD until EPS diagnosis, 
death or end of study. Calendar time was defined as the years since the chosen 
reference date, close to which the first patient in the study started PD (01-01-1983).

Small solute transport was analysed using the last available peritoneal equilibrium 
test. Ultrafiltration failure was defined by ultrafiltration volume of less than 400 ml on 4-
hour 2000 ml dwell with 3.86 % glucose concentration 15 or symptoms of overhydration 
and necessity of increasing glucose concentrations (one or more daily use of 3.86%). 
All ever used dialysis fluids were reported.

Variables related to kidney transplantation were also investigated. Time since 
transplantation until EPS was defined as the time from the last transplantation until EPS 
or end of study (in control patients).

statistical analysis
Primary outcome was appearance of EPS. Means were compared using unpaired 
t-tests. Proportions were compared with chi-square tests. 

We analyzed the data by using a piecewise exponential model 16,17. This model 
allows different time-dependent covariates, such as PD duration and time since 
transplantation to be taken into account. The theoretical model was implemented 
by fitting a Poisson log-linear regression model in a dataset in which the follow up 
history of each patient was divided in steps of maximally one year. If during a year 
transplantation was performed, the year was divided in two pieces. For every piece 
the outcome was established (EPS or not at the end of the period) and values for all 
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relevant predictors. So we constructed a new database with more than one line - at 
least one for each year of follow up - per patient. The fitted Poisson model had EPS 
as outcome, the log of the length of follow up as offset variable and PD duration, 
age, transplantation, time since last transplantation, calendar time, follow up time, 
peritonitis episodes, time on icodextrin and presence of ultrafiltration as pre-specified 
predictors for the midpoint of the time step. All predictors were tested both univariate 
and multivariate. The model estimates odds ratio’s (OR) given the other variables, so 
these estimates are valid and by definition cannot be caused by differences in other 
possible risk factors included in the model.    

There is an adjustment for the differences in other risk factors than the one of 
interest. For example, the OR for age at start PD is given the differences in cumulative 
PD time. That means that two patients with the same PD time, the one who started PD 
younger has a higher risk op EPS. All multivariate ORs are conditional on the difference 
in the other risk factors.

Statistical tests were done in SPSS 15.0.1 datamanager (Chicago, USA) and R 
statistical software. If data were not available, these were reported as missing.

ResULts

incidence of ePs
Between January 1st 1996 until July 1st 2007 63 cases of EPS occurred. Prevalence 
was calculated using the data in the period January 1st 1996 until January 1st 2007. 
Within this period there were 61 EPS patients and 2022 patients on. Six EPS patients 
were excluded, because they had originally started PD in other PD centres than those 
participating. The prevalence of EPS was 2.7%.

The annual occurrence of EPS increased until 2005 (Figure 1). Thereafter a small 
decrease in 2006 was present. The annual incidence in the PD population could 
not be calculated since the diagnosis of EPS was often made when PD was already 
discontinued. The overall PD population slightly decreased in the study period. 
However, the mean overall PD duration per patient in the participating centres 

Figure 1 | Annual occurrence of EPS and overall PD population in period 1996-2007
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remained stable (Figure 2). We performed the same analysis per year for groups with 
longer PD duration (4-5 years and more than 5 years). There was no difference in the 
number of patients or mean PD duration during the study period in these groups.

Patient demographics
The 63 EPS patients with 126 controls resulted in a study population of 189 patients. 
EPS patients were significantly younger than controls when they started with PD (Table 
1). Twenty-nine patients were diagnosed with EPS when they were on haemodialysis 
(HD) and eighteen patients had a functioning kidney transplant. Follow-up from start 
PD until EPS (or end of study) was longer in EPS patients compared with controls (Table 
1). Mortality was not significantly different between the groups. From a total of 34 
EPS patients who died, 30 deaths were attributable to EPS related factors. The ESRD 
causes are shown in Table 2.

Figure 2 | Time on PD 1996-2007
Development of mean overall time on PD per patient in all participating centres (in days with SD).

 

Table 1| Patient characteristics

Age and periods are reported in respectively mean years and months ± SD. F means female, m male, PD peritoneal 
dialysis, HD haemodialysis. Follow-up is defined as time since start PD until EPS, death or end of study. Means were tested 
using t-test, proportions were compared with chi-square tests. NS means not significant.

Chapter 3 Table 1 

  EPS 
  Yes (63) No (126) P-value 

Gender (f/m) 21/42 43/83 NS 
Age    

Age at diagnosis EPS  43.4 ± 14.4   
Age at start PD 34.7 ± 15.4 51.5 ± 14.7 0.0001 
Age at death or end of study 45.1 ± 14.1 57.9 ± 13.4 0.0001 

Periods     
Time until death after EPS diagnosis 20.5 ± 18.3   
Follow-up 124.8 ± 60.6 74.5 ± 62.3 0.0001 

End of study (%)    
Deceased 34 (54.0) 83 (65.9) NS 
Alive, functioning graft 12 (19.0) 32 (25.4) NS 
Alive  HD 17 (27.0) 8 (6.3) 0.0001 
Alive, PD 0 3 (2.4) NS 

Chapter 3 Table 2 

EPS  Control  

63 (%) 126 (%) 

  

Renal vascular disease due to hypertension 10 (15.8) 19 (15.0) 

Chronic renal failure, aetiology uncertain 5 (7.9) 15 (11.9) 

Glomerulonephritis, histologically examined 6 (9.5) 20 (15.8) 
Pyelonephritis/Interstitial nephritis-cause not 
specified 12 (19.1) 17 (13.5) 

Focal segmental glomerulosclerosis 6 (9.5) 0 

Polycystic kidneys 1 (1.6) 9 (7.1) 

Diabetes Type II (non-insulin dependent) 1 (1.6) 10 (7.9) 

Diabetes Type I (insulin dependent) 0 7 (5.5) 

IgA nephropathy 3 (4.8) 3 (2.4) 

Hereditary nephritis with nerve deafness 3 (4.8) 1 (0.8) 

Lupus erythematosus 0 4 (3.2) 

Haemolytic Uraemic Syndrome 3 (4.8) 0 

Other identified renal disorders 13 (20.7) 21 (16.9) 
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PD related variables
The cumulative period on PD was significantly greater in the EPS group in comparison 
to the controls (Table 3). EPS patients experienced more peritonitis episodes than 
controls (Table 3). Less peritonitis episodes occurred per patient year in the EPS group 
compared to the controls. From the various micro-organisms cultured during peritonitis 
only fungi were more often present in EPS patients (8 vs. 3 episodes in total, p=0.02). 
Staphylococcus Epiderdimis was less often found in EPS patients (35 vs. 42 episodes, 
p=0.01). There was no difference in episodes with Pseudomonas, Staphylococcus 
Aureus or culture negative peritonitis. 

EPS patients were more often fast transporters, but a relatively large number of 
missing tests was present in the controls (Table 3). The majority of EPS patients had 
ultrafiltration failure (60.3%). New dialysis solutions as a lactate/bicarbonate solution 
(Physioneal ®) and icodextrin (Extraneal ®) were more often used in EPS patients (Table 
3). The cumulative period with use of icodextrin was significantly longer in EPS patients 
(Table 3). For other solutions the time periods could not be assessed accurately and 
are therefore not shown.

Variables related to kidney transplantation
Relative more EPS patients had kidney transplantations in comparison to controls (47/63 
vs. 59/126, p<0.0001), with more transplantations per patient (Table 4). Twenty-one 
patients with a kidney transplant (44.7% of total transplanted EPS patients) developed 
EPS within 2 years after the last kidney transplantation. Figure 3 shows the univariate 
relationship between time since the last transplantation and the yearly probability on 
the EPS development. Prior to the last transplantation the risk for developing EPS was 
1.75% in this cohort. The year following the transplantation the risk increased to 7.5%. 
Each following year this decreased again with 7.0%.

Table 2| Causes of end-stage-renal-disease

Causes were defined according the EDTA diagnosis definitions. Glomerulonephritis, pyelonephritis and renal vascular 
disease are composed of the related specified renal disease diagnoses. Other identified renal disorders are composed of 
various renal disease diagnoses.

Chapter 3 Table 1 

  EPS 
  Yes (63) No (126) P-value 

Gender (f/m) 21/42 43/83 NS 
Age    

Age at diagnosis EPS  43.4 ± 14.4   
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Time until death after EPS diagnosis 20.5 ± 18.3   
Follow-up 124.8 ± 60.6 74.5 ± 62.3 0.0001 

End of study (%)    
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Alive  HD 17 (27.0) 8 (6.3) 0.0001 
Alive, PD 0 3 (2.4) NS 
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Pyelonephritis/Interstitial nephritis-cause not 
specified 12 (19.1) 17 (13.5) 

Focal segmental glomerulosclerosis 6 (9.5) 0 

Polycystic kidneys 1 (1.6) 9 (7.1) 

Diabetes Type II (non-insulin dependent) 1 (1.6) 10 (7.9) 

Diabetes Type I (insulin dependent) 0 7 (5.5) 

IgA nephropathy 3 (4.8) 3 (2.4) 

Hereditary nephritis with nerve deafness 3 (4.8) 1 (0.8) 

Lupus erythematosus 0 4 (3.2) 

Haemolytic Uraemic Syndrome 3 (4.8) 0 

Other identified renal disorders 13 (20.7) 21 (16.9) 
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Table 4 | Kidney transplantation and immunosuppressive medication

Age and time are reported respectively in mean years and months ± SD. Number of transplantations is reported in means ± 
SD per transplanted patient. Immunosuppressive medication is scored per patient, if ever used in the period 1996-2007 for 
kidney transplantation. CNI means calcineurin inhibitors, CsA cyclosporin and MMF mycophenolate mofetil. Means were 
tested using t-test, proportions were compared with chi-square tests. NS means not significant.

Chapter 3 Table 3 

EPS 
Yes No  P-value 

   
Time on PD    
 78.7 ± 37.8 32.8 ± 24 0.0001
Peritonitis    
     Peritonitis episodes 4.1 ± 3.8 2.4 ± 2.8 0.0020
     Peritonitis per 
     patient year 0.7 ±  0.8 1.1 ± 1.4 0.0090
Transport status    
    Slow 2 (3.2) 2 (1.6) NS
    Slow Average 5 (7.9) 29 (23) 0.0010
    Fast Average 17 (27) 33 (26.2) NS
    Fast 25 (39.7) 12 (9.5) 0.0001
    Unknown 14 (22.2) 49 (38.9)  
Ultrafiltration failure     
    Yes 38 (60.3) 19 (15.1) 0.0001
    No 14 (22.2) 85 (67.5) 0.0001
   Unknown 11 (17.5) 22 (17.5)  
Dialysis fluids    
    Dianeal 58 107 NS
   Physioneal 31 20 0.0001
   Icodextrin 49 28 0.0001
   Time on icodextrin 32.7 ± 23.3 18.1 ± 15.7 0.0060

Chapter 3 Table 4 

  EPS 
Yes (63) No (126) P-value 

     
Patients transplantated 47 59 0.0001 
Number of transplantations 1.6 ± 0.9 1.3 ± 0.7 0.05 
Age at last transplantation 36.4 ± 13.4 44.3 ± 13 0.0030 
Time start PD - last transplantation 68.9 ± 60.5 25.6 ± 61 0.0001 
Immunosuppressive medication    

CNI 40 53 0.0080 
tacrolimus 19 17 NS 
CsA 27 37 NS 
Prednisone 43 55 0.0001 
MMF 27 27 NS 

Table 3 | PD related variables

Periods and episodes of peritonitis are reported as mean ± SD. Time is reported as months. Other parameters are reported 
as number of patients (%). Ultrafiltration failure is defined as < 400 ml ultrafiltrate assessed with standard 3.86% PET or 
the presence of clinical symptoms. Dialysis fluids were scored if ever used in the period 1996-2007. Time on icodextrin is 
calculated as time (months). Means were tested using t-test, proportions were compared with chi-square tests. NS means 
not significant.

Chapter 3 Table 3 

EPS 
Yes No  P-value 

   
Time on PD    
 78.7 ± 37.8 32.8 ± 24 0.0001
Peritonitis    
     Peritonitis episodes 4.1 ± 3.8 2.4 ± 2.8 0.0020
     Peritonitis per 
     patient year 0.7 ±  0.8 1.1 ± 1.4 0.0090
Transport status    
    Slow 2 (3.2) 2 (1.6) NS
    Slow Average 5 (7.9) 29 (23) 0.0010
    Fast Average 17 (27) 33 (26.2) NS
    Fast 25 (39.7) 12 (9.5) 0.0001
    Unknown 14 (22.2) 49 (38.9)  
Ultrafiltration failure     
    Yes 38 (60.3) 19 (15.1) 0.0001
    No 14 (22.2) 85 (67.5) 0.0001
   Unknown 11 (17.5) 22 (17.5)  
Dialysis fluids    
    Dianeal 58 107 NS
   Physioneal 31 20 0.0001
   Icodextrin 49 28 0.0001
   Time on icodextrin 32.7 ± 23.3 18.1 ± 15.7 0.0060

Chapter 3 Table 4 

  EPS 
Yes (63) No (126) P-value 

     
Patients transplantated 47 59 0.0001 
Number of transplantations 1.6 ± 0.9 1.3 ± 0.7 0.05 
Age at last transplantation 36.4 ± 13.4 44.3 ± 13 0.0030 
Time start PD - last transplantation 68.9 ± 60.5 25.6 ± 61 0.0001 
Immunosuppressive medication    

CNI 40 53 0.0080 
tacrolimus 19 17 NS 
CsA 27 37 NS 
Prednisone 43 55 0.0001 
MMF 27 27 NS 
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Figure 3 | Effect of time after last transplantation on EPS
Effect of time after last transplantation on development of EPS calculated with univariate analysis. After the 
last transplantation the yearly probability on EPS increased in this cohort from 1.75 % to 7.50 % in first year 
after transplantation. Thereafter this risk decreased each year with 7%.
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Regression analysis
Univariate analysis showed that time on PD, age at start PD, transplantation, time since 
last transplantation until EPS diagnosis, calendar time (years since the reference date 
close to which the first patient started PD), period of using icodextrin, ultrafiltration 
failure, follow up time, and episodes of peritonitis were associated with EPS. Multivariate 
regression analysis showed that time on PD, age at start PD, transplantation, time since 
last transplantation until EPS diagnosis (or end of study in control patients), calendar 
time, period of using icodextrin and ultrafiltration failure were strongly associated with 
the presence of EPS (Table 5). In the multivariate analysis follow up time and peritonitis 
episodes were not significant because of strong associations with PD duration 
and age. Therefore these were excluded from the final multivariate model. Since 
ultrafiltration failure was missing in 17.5% of the patients, and is a possible confounder, 
we performed a sensitivity analysis and analyzed ultrafiltration failure in two ways. 
First we coded it as yes, no or missing and estimated a separate odds ratio (OR) for 
the missing category. Subsequently we excluded patients with a missing value. Both 
approaches resulted in a similar significance level of ultrafiltration failure and similar 
OR’s for the other variables.
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Table 5 | Univariate and multivariate regression

Data were analysed by a piecewise log linear model (Poisson regression) with EPS as outcome. Time since last transplantation 
until EPS is defined as the time from the last transplantation until EPS or end of study (in control patients). Calendar time 
was defined as the years since the chosen reference date, close to which the first patient in the study started PD (01-01-
1983). Follow up time was defined as the period from start PD until EPS, death or end of study. Odds ratios (OR) for time 
on PD, age at start PD, time since last transplant until EPS diagnosis, calendar time, time on icodextrin and follow up time 
are expressed per year. OR for transplantation and ultrafiltration failure is given for these conditions. Follow up time and 
episodes of peritonitis were not significant in multivariate analysis and were therefore excluded from final model. There is 
an adjustment for the differences in other risk factors than the one of interest. For example, the OR for age at start PD is 
given the differences in cumulative PD time. That means that two patients with the same PD time, the one who started PD 
younger has a higher risk op EPS. All multivariate ORs are conditional on the difference in the other risk factors.

Chapter 3 Tabel 5 

Univariate Multivariate 

OR P-value OR P-value

PD duration 1.49 <0.001 1.40 <0.001 

Age at start PD 0.97 <0.001 0.96 <0.001 

Transplantation 4.63 <0.001 2.47 0.010 

Time since last transplantation until EPS 0.93 <0.001 0.85 <0.001 

Time (calendar) 1.28 <0.001 1.37 <0.001 

Icodextrin duration  1.92 <0.001 1.35 <0.001 

Ultrafiltration failure 4.55 <0.001 2.29 0.026 

Follow up time 1.07 0.001   

Peritonitis episodes 1.05 0.110   

DiscUssiOn

The present study shows an increasing incidence of EPS in a large representative 
Dutch PD population between January 1996 until January 2006, confirming our 
previous findings 12. This occurred despite a slight decrease in the PD population and 
a stable mean duration on PD. The increase in incidence appears to be followed 
by a small decrease in 2006. The reason for this is unclear. Due to some delay in EPS 
diagnosis the number of patients might have been slightly underestimated, if patients 
were diagnosed with EPS after termination of the study. The most straightforward 
explanation for the increased incidence of EPS could be that increased awareness 
of the diagnosis led to subsequent inclusion of milder cases. However, this is unlikely, 
given the strict definition for inclusion. For instance, all patients had symptoms of 
intestinal obstruction.

The development of EPS is influenced by multiple factors and time is an important 
factor in the process of ongoing peritoneal remodelling and fibrosing. The second 
hit theory integrates individual predisposition with the time in which the peritoneal 
membrane is continuously exposed to conditioning agents and multiple hits, which 
result in the ultimate manifestation of EPS 1,18. With respect to predisposition, our data 
showed no difference in gender. As in other reports diabetic patients hardly develop 
EPS 19,20. From the candidate risk factors we were able to show an independent 
association of PD duration, age, prolonged use of icodextrin, kidney transplantation 
and the time after kidney transplantation with the presence with EPS. In contrast to 
others we found no significant relationship with peritonitis 11,21.
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The age at which PD was started, is associated with the presence of EPS. The 
younger a patient starts with PD the greater the chance to develop EPS. Given the 
independent significance this is not simply due to longer time on PD or to longer 
follow-up time from the moment of initiating PD. Peritoneal remodelling is a process 
in which injury of the mesothelial cell plays a key role. In reaction to multiple insults 
with for example glucose mesothelial cells secrete cytokines subsequently leading to 
recruitment of macrophages and fibroblasts 22. Peritoneal fibrosing is then the result of 
disrupted repair with fibrin deposition on denudated mesothelial cell layer 18. Possibly 
this repair process is more vivid in younger patients, leading to earlier development 
of fibrosis.

From the studied candidate risk factors, duration of PD treatment is probably the 
strongest predictor of EPS. Although Japanese studies have shown that continuing 
PD for a longer period is associated with EPS development, this was not previously 
analysed in a controlled design 8. Recently, the Scottish Renal Registry showed that 
the incidence increased with PD duration 10. In concurrence with this, we found that 
each year of prolonged PD had an increased relative risk for EPS of 40%.

Solutions containing icodextrin, a glucose polymer, permit good ultrafiltration 
during long time dwells and their use avoids the potential harmful effects of glucose 23,24. 
Use of icodextrin containing dialysate is recommended for patients with inadequate 
ultrafiltration 25. As a result, the use of icodextrin has increased 26. Our study showed 
that, independent of ultrafiltration failure, prolonged use of icodextrin was associated 
with the presence of EPS. Recently, concerns have been raised about the increased 
levels of markers of peritoneal inflammation in icodextrin treated patients. The effluent 
showed a higher cell count and higher concentration of IL-6, TNF, hyaluronan, and 
fibrin degradation products 27-30. This led the authors to suggest that these patients 
were possibly at risk for EPS 27-30. Others argued that icodextrin preserves the peritoneal 
membrane function and mesothelial cell mass 24,29. A possible confounder, for which 
we were unable to correct, is cumulative intra-peritoneal glucose load, which might 
be higher in EPS patients 31. 

Our data show an association with icodextrin, but it is premature to identify it 
as a risk factor for EPS. Despite missing values on ultrafiltration failure the results did 
not change, according an additional sensitivity analysis. However, further studies are 
certainly warranted to address this important issue. 

Previously, we described a case series of patients who developed EPS shortly 
after kidney transplantation. We hypothesized that kidney transplantation could also 
be considered as a candidate factor for enhancing the EPS development 9,12. Others 
also described post-transplant EPS cases 10,32-34. We established kidney transplantation 
as a variable independently associated with EPS. We also showed that after the last 
kidney transplantation the yearly probability on EPS increased from 1.75 to 7.5%. Each 
subsequent year after transplantation this risk decreased again. One of the possibilities 
is the profibrotic property of calcineurin inhibitors (CNI’s). Cyclosporin and especially 
tacrolimus have been shown to upregulate TGF-beta in transplanted patients 35. TGF-
beta is thought to be of major importance in the development of peritoneal fibrosis 
36. Recently, it was also shown that administration of cyclosporin to an experimental 
animal model with peritoneal exposure to a 3.86% glucose dialysis solution augmented 
peritoneal fibrosis and angiogenesis 37. We were not able to identify the introduction 
of CNI’s as a risk factor for EPS, because the large majority of patients was treated 
with either cyclosporin or tacrolimus.

Finally, not the kidney transplantation itself, but rather the cessation of the PD, 
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might be the risk factor for developing EPS 8,38. Ideally the influence of discontinuation 
of PD should be investigated by matching EPS patients with PD patients, who switched 
to HD for reasons other than ultrafiltration failure, signs of EPS or kidney transplantation. 
However, such an analysis was not feasible in this study, because the number of these 
patients was too small.

Despite the associations between EPS and the factors discussed above, there 
remains an unknown factor related to the development of EPS, as shown by the 
remaining independent association with calendar time. Because of our strict definition 
of EPS it seems unlikely that increased awareness of EPS explains this unknown factor. 
However, currently we have no plausible alternative explanation.

It is interesting to speculate on the clinical consequences of these findings. Our 
data support the assumption that PD induced peritoneal damage underlies the post-
transplant EPS. A typical patient with EPS after kidney transplantation has started with 
PD at relatively young age (< 50 years), has been on PD for a prolonged time, with 
development of ultrafiltration failure and has been exposed to icodextrin. Therefore 
a timely switch of young PD patients to HD at the appearance of ultrafiltration failure, 
while waiting on renal transplantation, can be considered.  Such a prudent policy 
might reduce EPS incidence.

In conclusion, we confirmed that the incidence of EPS has increased in recent 
years. We identified significant independent associations of PD duration, age, kidney 
transplantation, ultrafiltration failure and the use of icodextrin with EPS development. 
In particular the possible role of icodextrin needs to be further evaluated. Future 
prospective studies are therefore needed to investigate the remaining unidentified 
risk factor for EPS.
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