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♦  Background:  Encapsulating peritoneal sclerosis (EPS) 
is a severe complication of peritoneal dialysis (PD). 
Identification of patients at high risk for EPS (“EPS-prone”) 
and delivery of appropriate interventions might prevent its 
development. Our aim was to evaluate the clinical charac-
teristics and outcomes of all EPS and EPS-prone patients 
diagnosed at our PD unit.
♦  Methods:  For a 30-year period representing our entire 
PD experience, we retrospectively identified all patients 
with EPS (diagnosed according to International Society 
for Peritoneal Dialysis criteria) and all patients defined as 
EPS-prone because they met at least 2 established criteria 
(severe peritonitis, PD vintage greater than 3 years, severe 
hemoperitoneum, overexposure to glucose, and acquired 
ultrafiltration failure).
♦  Results:  Of 679 PD patients, we identified 20 with EPS, 
for an overall prevalence of 2.9%. Mean age at diagnosis was 
50.2 ± 16.4 years, with a median PD time of 77.96 months 
(range: 44.36 – 102.7 months) and a median follow-up of 
30.91 months (range: 4.6  – 68.75 months). Of patients 
with EPS, 10 (50%) received tamoxifen, 10 (50%) received 
parenteral nutrition, and 2 (10%) underwent adhesiolysis, 
with 25% mortality related to EPS. Another 14 patients 
were identified as EPS-prone. Median follow-up was 54.05 
months (range: 11.9 – 87.04 months). All received tamox-
ifen, and 5 (36%) received corticosteroids; none progressed 
to full EPS. We observed no differences in baseline data 
between the groups, but the group with EPS had been on 

PD longer (84 ± 53 months vs 39 ± 20 months, p = 0.002) 
and had a higher cumulative number of days of peritoneal 
inflammation from peritonitis (17.2 ± 11.1 days vs 9.8 ± 7.9 
days, p = 0.015). Overall mortality was similar in the groups. 
The incidence of EPS declined during our three decades of 
experience (5.6%, 3.9%, and 0.3%).
♦  Conclusions:  Being a serious, life-threatening com-
plication of PD, EPS requires high suspicion to allow for 
prompt diagnosis and treatment. Early detection of EPS-
prone states and delivery of appropriate intervention 
might prevent EPS development. Tamoxifen seems to be a 
key strategy in prevention, but caution should be used in 
interpreting our results. Additional randomized controlled 
studies are needed.
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Encapsulating peritoneal sclerosis (EPS) is a rare, 
but life-threatening complication of peritoneal 

dialysis (PD) that was originally described by Gandhi 
(1). Characterized by intraperitoneal inflammation, 
EPS leads to adhesive and inflammatory encapsulation 
over the small bowel, causing gastrointestinal symp-
toms and bowel obstruction leading to weight loss, 
malnutrition, and in some cases, death (2–5). Symptoms 
of EPS can develop during PD, but most patients 
become symptomatic after PD cessation and even after  
transplantation (2–4,6,7).
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The prevalence of EPS is not well known, but it has been 
reported to range from 0.7% to 3.3%, increasing with 
duration of PD therapy (8–15). Very few data are available 
on the incidence of EPS in Spain. In 2007, Hospital Severo 
Ochoa in Madrid reported a 4.2% overall prevalence, with 
51% 1-year survival in their population (15). The mor-
tality reported for EPS is high (25% – 55%), especially 
during the first year after the diagnosis, and increases 
with longer duration on PD treatment (8,10,13,16).

Encapsulating peritoneal sclerosis is probably a multi-
factorial disease, with cumulative duration of exposure to 
bioincompatible PD fluids as the dominant risk factor, but 
younger age, frequent peritonitis, and kidney transplan-
tation may also be risk factors (4,8,14,17,18). According 
to the two-hit theory, a second “hit” in concert with the 
peritoneal damage driven by PD treatment—for example 
infection (peritonitis), major surgery, discontinuation of 
PD, severe hemoperitoneum, or genetic predisposition—
might trigger EPS development (3,18).

The natural history of EPS is not well understood, 
and unfortunately, there are no specific imaging or bio-
chemical tests that allow for early detection, although 
some patients might show clinical, functional, and 
radiologic features that could be associated with an 
increased risk of EPS. Several markers in peritoneal 
effluent have been studied, but further investigations are  
needed (19).

The diagnosis of EPS is based on clinical, radiologic, 
and histologic findings (20). Once EPS has been diag-
nosed, transfer to HD is mandatory (4,20). No evidence-
based treatment for EPS is available. Steroids have been 
shown to be beneficial, especially in the early “inflamma-
tory” phase of the disease (8,21–23), and tamoxifen has 
also been reported to be effective (24–27), but prospec-
tive studies are lacking. When EPS reaches an advanced 
stage, total enterolysis is required (28–30).

Our PD program began in 1980, and 679 patients have 
received PD therapy in the program. We identified and 
treated several cases of EPS during those 30-plus years, 
and we believed that early detection of patients consid-
ered to be at increased risk for EPS (“EPS-prone”) and 
subsequent treatment of those patients could potentially 
lead to successful results. Based on that hypothesis, we 
identified several EPS-prone states, and for patients in 
those states, we applied interventions such as cessation 
of PD (when indicated), immediate pre-emptive treat-
ment with tamoxifen, and close monitoring, to avoid 
progression to EPS.

The purpose of the present study was to compare the 
clinical characteristics of EPS and EPS-prone patients, so 
as to promote early detection and intervention for this 
malign disease.

METHODS

Our study included all end-stage kidney disease 
patients who commenced PD in our unit between 
1 January 1980 and 31 January 2012 (n = 679). Clinical 
records were reviewed in detail.

The data collected included demographics, cause of 
primary renal disease, prescribed dialysis solutions, 
time on PD, death, cause of death, complications, 
medications received, transfer to hemodialysis (HD), 
and kidney transplantation. Peritonitis was recorded 
both as episodes and as cumulative days of active 
peritoneal inflammation, defined as an effluent white 
blood cell count exceeding 100/μL, measured every 
other day until peritonitis resolution or catheter r 
emoval (31).

We regularly performed peritoneal equilibration tests 
(PETs), consisting of a 4-hour dwell with 3.86% or 4.25% 
glucose, taking 6 peritoneal effluent samples (at 0, 30, 
60, 120, 180, and 240 minutes) and a blood sample to 
calculate the peritoneal mass transfer area coefficients 
(MTACs) for urea and creatinine in milliliters per minute, 
using a previously described mathematical model (31). 
The MTAC represents the isolated diffusive capacity of the 
membrane under a theoretic infinite dialysate flow (32). 
The patients fasted during each functional study. Data 
from the first to the last available PET were collected. 
Net ultrafiltration (UF) in milliliters was estimated based 
on the net negative balance after the 4-hour PET dwell 
(comparing the weight of the dialysate bag before and 
after drainage). The resulting value represents chiefly 
the convective transport capacity of the peritoneum. 
A negative balance lower than 400 mL was taken as an 
indicator of UF failure (UFF) (33). To quantify glucose 
exposure, we recorded the percentage of bags containing 
2.27% and 3.86% glucose. More than 75% use of 2.27% 
bags or more than 25% use of 3.86% bags was considered 
high glucose exposure.

DIAGNOSIS OF EPS AND EPS-PRONE STATES

Based on the 2009 guidelines from the International 
Society for Peritoneal Dialysis (20), a diagnosis of EPS 
was made when strong clinical suspicion was confirmed 
by radiologic, functional, or pathologic findings, alone 
or together. Diagnostic criteria included a combin- 
ation of

•		 clinical symptoms suggestive of obstruction;
•		 changes in PD functional data (high or low transport 

associated with UFF diagnosed by PET);
•		 radiologic findings (sclerosis, calcification, peritoneal 
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thickening, or encapsulation of the intestine) on 
computed tomography (CT) or ultrasonography (US); 
and

•		 anatomic criteria in cases of laparotomy or necropsy 
(adhesions, calcifications, or cocooning).

Treatment in these patients included adhesiolysis, PD 
cessation, and tamoxifen with or without other immuno-
suppressive drugs, as indicated by the physician.

Patients considered EPS-prone were those presenting 
with two or more of

•		 time on PD longer than 3 years;
•		 history of recurrent or severe peritonitis, including 

all episodes requiring catheter removal under active 
inflammatory conditions;

•		 the presence of acquired UFF or high (“fast”) mem-
brane transport;

•		 high exposure to glucose PD fluids with high levels 
of glucose degradation products (indicated by poor 
volume control, with universal use of 2.27% or higher 
glucose); and

•		 repeated and severe hemoperitoneum.

The foregoing criteria have been applied since the 
1990s, when two new factors were proposed to influence 
outcomes in these patients: recognition of peritoneal 
toxicity for 3.86% and 4.25% glucose solutions, and 
the known usefulness of tamoxifen in other fibrotic 
processes. The therapeutic approach in EPS-prone 
patients was temporary or definitive PD cessation and 
oral tamoxifen 20 mg every 12 hours for a year, together 
with steroids for variable periods of time in cases of 
presumed inflammation.

This strategy was fully implemented in our unit after 
1997, and we calculated the prevalence of EPS-prone 
patients by taking into account all patients who initiated 
PD after that year (n = 379). All patients at risk in the 
pre-tamoxifen era were omitted.

STATISTICAL ANALYSIS

All data were analyzed using the SPSS software 
program (version 15.0.1: SPSS, Chicago, IL, USA). The 
incidence of EPS was calculated as the number of EPS 
cases divided by the number of patients at risk. The 
level of significance was defined as p < 0.05, with the 
highest level of significance at p  < 0.01. Group char-
acteristics were compared using the Student t-test 
for independent samples, the Mann–Whitney test, 
and the Fisher exact probability test, as appropriate. 
Patient survival analyses were performed using the  
Kaplan–Meier approach.

RESULTS

Our PD population during the study period was 679 
patients, among whom 20 were diagnosed with EPS, 
and 14 were considered EPS-prone, for an overall EPS 
prevalence of 2.9% in our population. The prevalence 
declined over the three decades of the program from 5.6% 
in 1980–1990, to 3.9% in 1991–2000, and to 0.3% in 
subsequent years. The prevalence of EPS-prone patients 
from 1997 to 2012 was 3.69%.

EPS GROUP

Of the 20 identified patients with EPS (70% women; 
mean age: 50.2 years; Tables 1 and 2), 10 initiated PD in 
decade 1; 9, in decade 2; and 1, in decade 3 of the study. 
Peritonitis had occurred in 17 of the 20 patients (85%), 
and median time on PD in this group was 77.96 months 
(range: 44.36 – 102.7 months).

All patients presented with clinical symptoms sug-
gestive of EPS, and the diagnosis was confirmed in 
12 patients (60%) by abnormalities on CT imaging; in 
12 (60%), by laparotomy; in 1, by dynamic US; and in 2 
(10%), by necropsy. At the time of diagnosis, 10 patients 
(50%) were already on HD, 8 (40%) remained on PD, and 
2 (10%) had undergone transplantation.

In the peritoneal function studies, we observed that 
9 patients (45%) had developed UFF, and 10 (50%), 
high transport status. Data from the baseline and the 
last available PET were compared, and UF was found 
to be significantly lower at the time of EPS diagnosis 
(808.3 ±  362.3  mL vs 400.9 ±  290.9  mL, p  = 0.002). 
Immediately after the EPS diagnosis, 8 patients were 
switched to HD. Complications such as intestinal 
obstruction were also present in 7 patients (35%), 
and small-bowel perforation in 4 (20%), all of whom 
required surgery.

Tamoxifen (40  mg daily) was administered in 10 
patients (50%); 10 (50%) received parenteral nutri-
tion; 2 (10%) were administered prednisone (10  mg 
daily); and 1 also received azathioprine. Tamoxifen 
was given for a median of 12 months (range: 5.5 – 22 
months). Adhesiolysis was performed in 2 patients 
(10%); only 1 remained alive during follow-up. After 
the diagnosis of EPS, patients were followed for a 
median of 30.91 months (range: 4.6 – 68.75 months), 
with 5 (25%) being alive at the time of writing, 14 
(70%) having died, and 1 being lost to follow-up.  
Of the 14 deaths, 5 (25% of the EPS group) were 
related to EPS, 3 patients having died immediately  
after intra-abdominal surgery, and 2 because of intes- 
tinal complications.
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EPS-PRONE GROUP

Of the 14 patients classified as EPS-prone 
[5 women (37.5%); mean age: 42.02 ± 
21.46 years; Tables  2 and 3), 6 initiated PD 
in decade  2 of the study period, and 8, in 
decade 3.

We identified at least 2 features of EPS in 
all these patients, with 71.4% having more 
than 2 features. Of the 14 patients, 11 (78.6%) 
presented with UFF, high transport status, 
or both; 4 (28.6%) showed abnormalities on 
CT or US; 11 (78.6%) had overexposure to 
glucose and glucose degradation products; 2 
(14.3%) had experienced repeated and severe 
hemoperitoneum; 7 (50%) had experienced 
severe peritonitis episodes; and 8 (57.1%) 
had been on PD for more than 3 years. Median 
time on PD was 37.88 months (range: 24.76 – 
51.4 months). All patients had experienced 
peritonitis (mean: 2.2 episodes; range: 1 – 13  
episodes). Catheter removal was required in 
the 7 patients experiencing severe peritonitis, 
and only 2 patients returned to PD after the 
severe episode.

No patient presented symptoms suggestive 
of EPS, although 2 (14.3%) had an episode of 
small-bowel obstruction, and 1 (7.1%) had a 
small-bowel perforation. These patients also 
showed significantly lower UF from baseline 
and to final PET (p = 0.002), with no difference 
in other functional parameters.

After suspicions were raised that these 
patients were EPS-prone, 9 (64.3%) were 
switched to HD, but 5 (35.7%) remained on 
PD for a median of 11 months (range: 3 – 36 
months). All received treatment with oral 
tamoxifen (20 mg every 12 hours) for a median 
of 12 months (range: 6.75 – 20.25 months), 
with 5 (35.7%) also receiving prednisone, and 
1, azathioprine.

Patients were followed for 54.05 months 
(range: 11.9  – 87.04 months). During that 
time, 5 patients (35.7%) died, 7 (50%) 
remained alive, and 2 (14.3%) were lost to 
follow-up. No patient developed EPS during 
follow-up.

COMPARISON OF EPS AND EPS-PRONE PATIENTS

The EPS and EPS-prone patients did not 
differ in baseline data (Table  2), although 
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time on PD was significantly greater in patients with 
EPS (p = 0.002). The cumulative number of peritoneal 
inflammation days was also greater (p = 0.015) in the 
EPS group, but there were no differences in the number 
of peritonitis episodes. Survival was not different in the  
two groups.

DISCUSSION

In the present study from a single center in Spain 
active since 1980, with 679 patients treated on PD, we 
have learned that the history of the most important PD 
complication, EPS, has developed partially depending 
on a clinical learning curve that may ultimately lead 
to successful management. Our initial EPS experiences 
subsequently led us to the identification of what we call 
an “EPS-prone” state. That identification started during 
our program’s second decade, and was fully implemented 
during the third decade, when we instituted pre-emptive 
or prophylactic treatment based on the use of tamoxifen. 
The lack of specific markers for this complex process 
requires the conjunction of a high index of suspicion 
based on the patient’s clinical context, together with 
proper interpretation of changes in peritoneal function 
at the appropriate time.

ON THE EPS EXPERIENCE

The global incidence of EPS in our program is similar 
to that described in the literature (3.8% – 10.16%); 20 
patients (2.9%) developed findings consistent with EPS. 
Our historical analysis led to the hypothesis that EPS is 
associated not only with long-term PD, but also with 
the decade in which PD took place (5.6% in the first 
decade, 3.9% in the second, and 0.3% in the third in our 
program)—those two factors being major determinants 
for the prevalence of this process. The effects of the new 
biocompatible solutions introduced during decade  3 
are probably minimal. We believe it plausible that our 
intervention in the natural history of some EPS-prone 
patients might explain some of the difference in the 
EPS incidence in the second and third decades, although 
some of the differences might also be explained by 
shorter follow-up.

ON THE EPS-PRONE EXPERIENCE

A novel aspect of the present study is our identi-
fication of EPS-prone patients. Although the natural 
history of EPS is not well known, and there are no 
clinical, radiologic, or biochemical tests for early 
diagnosis, the multifactorial nature of this disease—
in which time on PD, exposure to glucose, young age, 
and cumulative or severe peritonitis episodes con-
tribute to its development—offers an opportunity for 
intervention (4,8,14,17,18). A previously damaged 
peritoneal membrane experiencing minor injuries, peri-
tonitis, hemoperitoneum, or surgery might also trigger  
EPS (34).

TABLE 2 
Demographics and Peritoneal Functional Data

			   Prone	 With	 p
	 Variable	 to EPS	 EPS	 Value

Patients (n)	 14	 20	

Mean age (years)	 42.02±21.46	 50.22±16.44	 NS

Sex [n (%) women]	 5 (35.7)	 14 (70)	 NS

Diabetes [n (%)]	 1 (7.1)	 2 (10)	 NS

Peritoneal dialysis			 
	 Modality  
	   [n (%) CAPD]	

5 (37.5)	 13 (65)	 NS

	 Vintage (months)			 
		  Median	 37.88	 77.96	 0.002
		  Range	 24.76–51.45	 44.36–102.7	

MTAC			 
	 Urea			 
		  Basal (n=39)	 22.18±7.07	 23.31±7.85	 NS
		  Final (n=36)	 19.49±4.84	 20.36±6.27	 NS
	 Creatinine			 
		  Basal (n=39)	 10.73±5.67	 11.45±5.75	 NS
		  Final (n=36)	 11.46±3.09	 12.02±3.58	 NS

Ultrafiltration (mL)			 
	 Basal (n=39)	 666.43±350.9	 808.33±362.28	 NS
	 Final (n=34)	 185±379.36	 400.88±290.95	 NS

D/P creatinine			 
	 Basal (n=39)	 0.70±0.11	 0.72±0.11	 NS
	 Final (n=36)	 0.72±0.16	 0.76±0.08	 NS

Peritonitis			 
	 Patients [n (%)]	 14 (100)	 17 (85)	 NS
	 Cumulative days			   0.015
		  Median	 7	 17	
		  Range	 5–14	 10–21	
	 Episodes	 2.21±2.15	 3.35±3.1	 NS
	 Follow-up after  
	   Dx (months)			 
		  Median	 54.05	 30.91	 NS
		  Range	 11.9–87.04	 4.6–68.75	

EPS = encapsulating peritoneal sclerosis; NS = nonsignificant; 
CAPD = chronic ambulatory peritoneal dialysis; MTAC = mass 
transfer area coefficient; D/P  = dialysate-to-plasma ratio; 
Dx = diagnosis.
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TABLE 3 
Patients with Encapsulating Peritoneal Sclerosis: Peritoneal Dialysis Features, Radiologic Findings,  

Treatment, and Outcomes

				    Time on	 Glucose	 Peritonitis		  Peritoneal			 
	Pt		  Age	 PD	 over-	 episodes	 Hemo-	 function	 CT or US		
	ID	 Sex	 (years)	 (months)	 exposure	 [n (severity)]	 peritoneum	 test	 findings	 Treatment	 Outcome

	1	 Female	 62	 80	 Yes	 7		  Normal	 CT:	 Tamoxifen	 Tx,
						      (severe)			   abdominal		  lost to
									         tethering		  follow-up
										        
	2	 Female	 34	 120	 Yes	 1		  Normal	 CT:	 Prednisone,	 On HD,
						      (moderate)			   Moderate	 azathioprine,	 lost to
									         bowel,	 tamoxifen	 follow-up
									         tethering
									         loculated
									         ascites		
										        
	3	 Male	 53	 14	 Yes	 1		  Severe UF	 CT: 	 Tamoxifen	 Alive on Tx
						      (severe)		  failure	 abdominal 
									         tethering		
										        
	4	 Male	 22	 59	 Yes	 No	 Repeated	 Severe	 US:	 Tamoxifen	 Alive on HD
							       severe	 UF failure	 abdominal		
							       episodes		  tethering	
									         and peritoneal
									         thickening		
										        
	5	 Male	 24	 22	 Yes	 3		  UF failure	 No	 Tamoxifen,	 Alive on HD
						      (severe)				    prednisone	
										        
	6	 Male	 47	 40	 Yes	 1		  No UF failure,	 No	 Tamoxifen	 Death
						      (mild)		  high transport			�   (cardiovascular)
								        status			 
										        
	7	 Female	 20	 6	 Yes	 1		  Normal	 No	 Tamoxifen,	 Alive on HD
						      (severe)				    prednisone	
										        
	8	 Male	 20	 37	 No	 1	 Repeated	 UF failure	 No	 Tamoxifen	 Alive on HD
						      (sterile)	 episodes				  
										        
	9	 Male	 21	 33	 Yes	 2		  UF failure,	 No	 Tamoxifen,	 Alive on Tx
						      (mild)		  high transport		  prednisone	
								        status			 
										        
	10	 Male	 22	 30	 No	 1		  UF failure	 No	 Tamoxifen,	 Alive on HD
						      (severe)				    prednisone	
										        
	11	 Male	 77	 39	 Yes	 5		  UF failure	 No	 Tamoxifen	 Died
						      (severe)					     (infectious)
										        
	12	 Male	 44	 49	 Yes	 1		  UF failure,	 No	 Tamoxifen	 Died
						      (mild)		  high transport			   (infectious)
								        status			 
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Patients defined as EPS-prone were found to be 
similar to EPS patients at PD commencement, but they 
were differentiated by a shorter time on PD and a lower 
cumulative number of peritoneal inflammation days 
 even though they had no differences with respect to 
the number of peritonitis episodes. The EPS-prone 
group was followed for a median of 54.05 months (range  
11.9 – 87.04 months) while remaining on PD or after 
transferring to HD or undergoing transplantation. During 
that period, no new EPS cases occurred in the group, 
although follow-up was shorter in some patients (includ-
ing follow-up of less than 1 year in 2 patients because 
of death from non-EPS-related causes). We also found 
a significant decline in UF capacity relative to baseline 
data by the time of diagnosis (p = 0.002), with 9 patients 
(45%) reaching true UFF, and 10 (50%), fast small-
solute transport. Although solute and fluid transport in  
PD have not been proposed in earlier studies to be use-
ful for identifying patients at high EPS risk (9,35,36), 
and although neither UFF nor high transport status 
are diagnostic for EPS, there is some evidence that 
continuation of PD with UFF increases the risk of EPS 
development (35). The jump from UFF toward EPS might 
be triggered by continuation of PD therapy and expo-
sure of the membrane to minor but important injuries. 
Even small amounts of high glucose exposure, required 
because of a lower UF capacity, might be determinant 
per se. Our group hypothesized that mesothelial-to-
mesenchymal transition of mesothelial cells and scle-
rotic peritonitis syndromes, including EPS, might be 
part of the same process, with mesothelial-to-mesen-
chymal transition being one of the initial mechanisms 
of peritoneal fibrosis, whose perpetuation might lead  
to EPS (37).

ON INTERVENTIONS IN EPS AND EPS-PRONE STATES

No randomized controlled trials are available to guide 
EPS treatment, although case series have suggested 
that steroids and tamoxifen can help (24–26,38). Our 
14 EPS-prone patients were closely followed and treated 
with tamoxifen. Some patients also initially received 
steroids, according to the clinician’s decision based on 
the situation (post-inflammatory). In our center, 50% of 
the patients diagnosed with EPS also received tamoxifen, 
and although that agent is associated with an increased 
risk of thromboembolic events and endometrial cancer, 
it was well-tolerated. Only 1 patient developed mild 
thrombocytopenia, which responded to dose adjustment. 
Tamoxifen is a synthetic estrogen that is effective in 
fibrotic diseases such as retroperitoneal fibrosis because 
of its effect on transforming growth factor β (39,40). Our 
experimental studies in a mouse model of PD recently 
demonstrated that tamoxifen blocks mesothelial-to-
mesenchymal transition induced by transforming growth 
factor β, significantly reduces peritoneal thickness and 
angiogenesis, and improves peritoneal function (41).

The positive effect of tamoxifen in the treatment of 
EPS patients was previously confirmed by other small case 
series (24–26). A Dutch EPS study showed a decline in 
mortality among patients with EPS after treatment with 
tamoxifen (24). Our global experience in the empiric 
use of tamoxifen in 14 patients was reported in 2003. 
Comparing 14 EPS patients with a non-treated control 
group, significantly lower mortality (22% vs 71%, p = 
0.03) was demonstrated with tamoxifen use (42). After 
that experience, we systematically identified patients at 
high risk of developing EPS, and we started pre-emptively 
administering tamoxifen for at least 1 year. It is plausible 

TABLE 3 (cont’d)

				    Time on	 Glucose	 Peritonitis		  Peritoneal			 
	Pt		  Age	 PD	 over-	 episodes	 Hemo-	 function	 CT or US		
	ID	 Sex	 (years)	 (months)	 exposure	 [n (severity)]	 peritoneum	 test	 findings	 Treatment	 Outcome

										        
	13	 Female	 75	 48	 Yes	 1		  UF failure	 CT:	 Tamoxifen	 Died
						      (mild)			   abdominal		  (infectious)
									         tethering,
									         peritoneal
									         thickening		
										        
	14	 Female	 65	 26	 No	 1		  UF failure	 No	 Tamoxifen	 Died
						      (severe)					     (neoplasia)

Pt = patient; PD = peritoneal dialysis; CT = computed tomography; US = ultrasonography; Tx = transplantation; HD = hemodialysis; 
UF = ultrafiltration.
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that, in all EPS-prone patients, the antifibrotic effects 
of tamoxifen, close monitoring, and early transfer to HD 
when indicated, might stop the pathophysiologic cascade 
of intraperitoneal events that ultimately lead to EPS.

Our findings in the present study should be considered 
in the context of certain limitations. Most important are 
the retrospective nature of the analysis and the lack of 
complete complementary—and particularly radiologic—
imaging in all patients. A control group with whom to 
contrast EPS-prone treated patients is also lacking. Given 
that the observation period in our study was 31 years, 
the severity of EPS, clinical awareness, and medical and 
surgical management might all have changed over time. 
Although a decline in the EPS rate because of prophylactic 
tamoxifen use in high-risk EPS patients might represent a 
real phenomenon, the small number of patients included 
in our series and the short follow-up might also explain 
our results. Because symptomatic EPS can develop years or 
decades after PD cessation, it is difficult to know whether 
EPS-prone patients might still develop symptoms. Caution 
should be used when interpreting our results, and addi-
tional case–control studies are necessary to assess the 
role of tamoxifen in preventing EPS. In addition, markers 
have to be developed that will allow clinicians to detect 
EPS early. In this field, peritoneal effluent markers and 
genomic, proteomic, and metabolomic markers are cur-
rently being tested, with promising results. Meanwhile, 
only increased awareness will allow for prompt diagnosis 
(19,41–45). Use of the new biocompatible solutions might 
contribute to preservation of peritoneal membrane func-
tion and a lesser future incidence of EPS (34). Results from 
ongoing multicenter prospective observational studies—
the NEXT-PD study is investigating this hypothesis—are 
still pending (45).

CONCLUSIONS

Being a serious, life-threatening complication of 
PD, EPS requires a high degree of suspicion to allow for 
prompt diagnosis and intervention. Treatment in special-
ized referral centers is recommended. The identification 
of patients who are EPS-prone could help in avoiding 
progression to EPS. Tamoxifen is potentially useful for 
that approach. Because EPS prevention in the PD popula-
tion is clearly important, additional well-planned studies 
are needed.
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