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ABSTRACT

Aim: Encapsulating peritoneal sclerosis (EPS) is arguably the most serious complication of chronic peritoneal
dialysis (PD) therapy with extremely high mortality rates. We aimed to establish the rates of EPS and factors
associated with its development in a single center. Methods: We retrospectively reviewed the records of all
our PD patients from 1 January 1989 until 31 December 2008. All suspected cases were confirmed at laparot-
omy. Multifactorial models adjusted for potentially confounding variables such as age and sex. Results: Eleven
cases of EPS were identified giving a prevalence rate of 1.98%. Median duration on PD was substantially
longer in affected versus unaffected patients (42.5 months versus 13.8 months; p = 0.0002). EPS patients had
experienced a mean of 3.54 previous cases of peritonitis (1 infection per year versus 0.71 per year in
unaffected patients; p = 0.075). Six patients died (54.5%) due to intra-abdominal sepsis including all five who
presented with small bowel obstruction. Three patients had an omentectomy and adhesiolysis performed with
a successful outcome. Conclusion: Our study reinforces the link between duration on PD and EPS. While
mortality was high in our cohort, emerging surgical techniques demonstrate a favorable outcome that can be
achieved even in severely affected cases.
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INTRODUCTION

Encapsulating peritoneal sclerosis (EPS), also referred
to as sclerosing encapsulating peritonitis, represents
one of the most serious complications of chronic peri-
toneal dialysis (PD) therapy. It is a slowly progressive
inflammatory disorder affecting the peritoneum dif-
fusely. As the process advances, there is a risk of small
bowel obstruction (SBO) due to adhesions or mural
fibrosis from the adjacent sclerotic peritoneum.
Ultimately the peritoneum is replaced with thickened
vascularized sclerotic tissue resembling an “abdominal
cocoon.”1 Vascularization of the peritoneum leads to
ultrafiltration failure. Mortality rates are high, ranging
from 24 to 56% in different series.1–3 The overall prev-
alence within the PD population remains low and is
generally reported as less than 2%.1,2 In a prospective
multicenter study from Japan, the incidence was evalu-
ated from a total of 1958 patients undergoing PD in
57 centers.4 The authors reported an overall incidence
of 2.5%. In all series, the incidence of EPS increases

with duration of PD and is rare in patients treated with
PD for less than 2 years.3–6 There exists no data on
EPS in Irish PD patients. We aimed to establish the
rates of EPS in our PD population and perform a gen-
eral assessment of the clinical presentation, diagnosis,
management, and outcome of affected patients.

MATERIALS AND METHODS

Subjects
Our institution is the largest renal center in the Repub-
lic of Ireland. The number of prevalent PD patients
treated is generally 45–60. All incident patients main-
tained on PD for at least 90 days from January 1989
until 31 December 2008 were included in the study.
All patients used Baxter PD systems with lactate-based
fluid regimes. A diagnosis of EPS was based upon
either radiological or surgical evidence within the clini-
cal context or SBO with a thickened peritoneum in the
absence of an alternative etiology.

R
en

 F
ai

l D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

R
oy

al
 C

lg
 o

f 
Su

rg
eo

ns
 I

re
la

nd
 o

n 
05

/0
6/

10
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



460 P.J. Phelan et al.

Renal Failure

Data collection
We retrospectively collected patient demographic and
clinical data from our renal patient database (Clinical
Vision 3.4a Version 1.1.34.1). All demographic and
clinical patient information is contained on the data-
base. Data were sought regarding prevalence of EPS,
duration of PD, frequency of peritonitis, microbiologi-
cal cause of peritonitis, relevant surgical findings, and
patient outcome.

Statistical analysis
Rank sum (Wilcoxon) and Fisher exact tests were used
to compare demographic variables between affected
and unaffected patients. Multifactorial models
adjusted for the confounding variables of age and sex.
Logistic regression was used to determine whether
duration on dialysis and infection rates were signifi-
cantly associated with EPS. Kaplan–Meier analysis
was used to illustrate the estimated time to event. p-Val-
ues less than 0.05 were deemed to be statistically
significant. Analysis was performed using Stata, ver-
sion 8 (StataCorp, College Station, Texas, USA).

RESULTS

There were 615 patients who were treated with PD
since January 1989. Eleven cases of EPS were identi-
fied giving a prevalence rate of 1.79%. Median follow-
up time from commencement of PD was 67.5 months.
All cases of EPS were diagnosed between 2002 and
2008. Two cases were diagnosed in patients after suc-
cessful renal transplantation and another three had
recently transferred to hemodialysis.

Patient characteristics
Mean age at commencement of PD was 43.3 years
(±14.4 years) in those who did develop EPS versus
50.2 years (±14.1 years) in those who did not (p =
0.474). Median duration on PD was substantially
longer in affected versus unaffected patients (42.5 ver-
sus 13.8 months; p = 0.0002). Five of the EPS patients
(45.5%) were male compared to the rest of the PD
population which was 58.6% male. The causes of end-
stage renal disease (ESRD) included glomerulonephri-
tis (n = 4), obstructive nephropathy (n = 2), and one
case each of chronic pyelonephritis, interstitial nephri-
tis, polycystic kidney disease, renal dysplasia, and
unknown cause.

EPS rates
No patient developed EPS within the first year of PD
treatment. However, after 6 years of PD treatment, the
prevalence was 20%. Of the three patients who

remained on PD for more than 8 years, all developed
EPS (Figure 1). The duration on PD was indepen-
dently associated with developing EPS in our patient
population (Table 1).

Peritonitis
There were in total 39 peritonitis infections in our 11
EPS patients (3.54 cases per patient), giving rates of
1.00 infection per patient year compared to 0.71 infec-
tions per patient year in unaffected patients (p =
0.075). The pathogens implicated were gram-positive
organisms (47.8%), gram-negative organisms (26.1%),
fungal (8.7%, all Candida), and culture negative (17.4%).
At time of presentation with EPS, three patients had
active peritonitis.

Presentation
Symptomatic SBO was the presenting event in five
patients (45%). A milder presentation with gastroen-
terological symptoms occurred in two patients. Ultra-
filtration failure was the presenting symptom in three
cases. One patient was diagnosed during investigation
of raised inflammatory markers. Five patients (45%)
presented after switching modality of renal replace-
ment therapy (two post-transplantation and three after
commencing hemodialysis).

FIGURE 1. Kaplan–Meier curve showing time from initiation
of PD to EPS (SP) diagnosis.

0

25

50

75

100

S
P

 (
%

)

615 349 168 93 45 26 10 2 2 2
Number at risk

0 1 2 3 4 5 6 7 8 9
Time (years)

TABLE 1. Multifactorial model to determine risk of EPS.

Variable Odds ratio (95% CI) p-Value

Time on PD (years) 1.817 (1.307–2.527) <0.001

Peritonitis rate 1.185 (0.936–1.501) 0.159

Older age 0.981 (0.941–1.022) 0.356

Male gender 0.578 (0.312–1.073) 0.082
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Diagnosis
Abdominal CT scanning (performed in nine patients)
supported the clinical suspicion of EPS in all cases.
The CT findings showed a spectrum of changes
including fluid collections thickening of the perito-
neum, abscess formation, and cocooned bowel (Figure
2). Two patients had abdominal ultrasound scanning
and five had plain abdominal films, all of which dem-
onstrated dilated small bowel loops. No specific radio-
logical findings corresponded with disease severity.
The diagnosis was confirmed surgically in all cases.
Laparotomy findings included thickened peritoneum
(in all cases), extensive encapsulated collections with
cocooned bowel (n = 4), and hemoperitoneum (n = 1).
Peritoneal biopsies, taken in seven cases (64%), all
demonstrated the classic pathologic features of EPS.

Management
All patients changed dialysis modality as the mainstay
of therapy. Nutritional support was provided in eight
(73%) of our patients of which seven required total
parenteral nutrition. Three patients received immuno-
modulatory therapy [two patients were administered
prednisolone (1 mg/kg/day) and tamoxifen was used in
one patient].

A range of surgical procedures were performed
(55% of patients), dictated by laparotomy findings and
prevalent surgical knowledge. Peritoneal lavage was
undertaken in two cases and one patient had an end
ileostomy created. Three patients were referred to a
surgical center outside of the country where they had
omentectomy and adhesion lysis performed. These

three patients continue to do well and have indepen-
dent gastrointestinal function. Two patients are main-
tained on HD and one has recently been successfully
transplanted.

Outcome
Six patients died due to complications of EPS, giving a
mortality rate of 54.5%. Those presenting with SBO
(n = 5) had a 100% mortality rate. In four patients, the
diagnosis of EPS was made directly before death. All
patients died as a consequence of intra-abdominal
sepsis.

DISCUSSION

Our study demonstrated an overall prevalence of EPS
in our institution of 1.98%; this is consistent with rates
reported in other countries.1–6 As in other series, the
effect of duration of PD on the development of EPS
was clearly demonstrated in our cohort. No cases of
EPS were identified until 2002, 13 years after the
inception of our PD program. This raises the possibil-
ity that some diagnoses were missed as one would have
expected that by the mid-1990s, some cases of EPS
would have presented. While it is likely that some
cases were not diagnosed it must be borne in mind
that during this era waiting times for renal transplanta-
tion were considerably less than 12 months in Ireland.
Therefore, few patients would have been maintained
on long-term PD.

Over 45% of patients were diagnosed with EPS
after switching to hemodialysis or receiving a trans-
plant; this observation is consistent with the published
literature.7,8 Some clinicians feel that the development
of EPS post-transplantation may be counter-intuitive
given that these patients are immunosuppressed.
Indeed, there are reports that corticosteroids may have
a beneficial effect on post-kidney transplantation
EPS.9 However, it has been theorized that cessation of
peritoneal dialysis may allow fibrin, pro-inflammatory,
and pro-fibrotic mediators to proliferate in the perito-
neal space causing progression of sclerosing peritoni-
tis.10 Moreover, calcineurin inhibitors, the mainstay of
transplant immunosuppression have pro-fibrotic char-
acteristics.

Our study also examines the association between
previous episodes of peritonitis and the subsequent
development of EPS. It has been proposed that EPS
may be precipitated by bacterial or fungal peritonitis
on the background of an appropriately primed peritoneal
membrane which has already undergone extensive epi-
thelial mesenchymal transformation (EMT).11–13 In our
cohort, affected patients experienced more episodes of
peritonitis than unaffected patients, although this did

FIGURE 2. CT abdomen demonstrates nodular peritoneal
thickening and peritoneal calcification. There are free fluid and
loculated fluid collections on the left. The bowel loops are
centrally located.
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not reach statistical significance. Notably, there was a
high rate of previous fungal peritonitis in the EPS group.

Overall, our patients presented late with a high rate
of bowel obstruction and subsequent poor prognosis.
A major goal in tackling the problem of EPS is to
detect it at an early stage before severe peritoneal
involvement has occurred. CT scanning clearly dem-
onstrated that the classic finding of EPS in all of our
patients who had it performed, although the scans
took place when peritoneal sclerosis was well estab-
lished. Peritoneal effluent biomarkers, including CA-
125 and inflammatory cytokines, have been proposed
as a potential mechanism for early diagnosis of EPS.14

However, a clear relationship between any of these
potential markers and EPS has yet to be demon-
strated. Therefore, at present we are left with CT
scanning and our clinical suspicion to attempt to iden-
tify potential early cases.

In terms of management strategies, the mainstay of
treatment at our center was supportive, consisting of a
change in dialysis modality and provision of parenteral
nutrition in a majority of patients. The surgical tech-
niques employed varied considerably, reflecting the
evolution of modern surgical procedures. The three
patients who underwent omentectomy and adhesion
lysis had successful outcomes with no relapse of symp-
toms and no longstanding nutritional difficulties.
Historically, surgical intervention was not favored due
to high rates of failure.15,16 As demonstrated in our
cohort, with modern surgical techniques patient out-
come has significantly improved. Kawanishi et al.
reported on 50 patients with EPS who had surgical
ablation of the encapsulating membrane.17 Two
patients died due to surgical complications but the
remaining patients all had a successful outcome.

EPS remains a life-threatening consequence of
long-term PD therapy with the risk of EPS being
strongly associated with the duration of PD therapy.
Despite the increase in live donor transplantation rates,
renal transplant waiting times continue to lengthen,18,19

moreover modern automated PD techniques largely
circumvent the consequences of ultrafiltration failure
associated with continuous ambulatory peritoneal dial-
ysis (CAPD).20 As a consequence, for the foreseeable
future we can anticipate increasing dialysis vintage in
the general PD population. A commensurate rise in
EPS incidence can be anticipated unless preventative
strategies can be effectively developed. If validated,
biomarkers to identify mesothelial EMT promise early
detection of “at-risk” patients and would enable a
timely change in dialysis modality. Failing this, some
authors suggest considering an elective switch to
hemodialysis after a designated period on PD.21 Clini-
cians must maintain a high index of suspicion to
enable a prompt diagnosis of EPS. We should be

particularly attentive to the long-term PD patient pre-
senting with nonspecific gastroenterological symptoms
or insidious signs of low-grade systemic inflammation.
Our study further illustrates the very poor outcome of
patients with this condition and highlights the impor-
tance of early detection and preventive measures. In
light of its potential morbidity and mortality risk, we
recommend that patients are formally counseled about
EPS prior to commencing PD. Moreover, our preva-
lent PD population should be informed about this
potentially serious complication.

There are some limitations to this study. Firstly, we
acknowledge the inherent weaknesses of any retro-
spective, single-center study. Also, the delay in the first
diagnosis from the commencement of our PD pro-
gram would suggest that some cases may have been
missed. However, our rates of EPS are consistent with
other reports in the literature

At our center since the beginning of our program,
we have demonstrated a low rate of EPS consistent
with other reports. Our study reinforces the link
between duration on PD and EPS. While mortality
was high in our cohort, emerging surgical techniques
demonstrate that a favorable outcome can be achieved
even in the severely affected cases.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for
the content and writing of the paper.
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