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ENCAPSULATING PERITONEAL SCLEROSIS
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♦  Background:  Encapsulating peritoneal sclerosis (EPS) is 
the most serious complication of peritoneal dialysis, having 
high morbidity and mortality. To improve outcomes, early 
diagnosis is needed to direct treatment during the early 
inflammatory phase. However, in the early inflammatory 
phase, clinical features are nonspecific, and no reliable 
diagnostic criteria have been established. Because bacterial 
peritonitis and termination of dialysis are two important 
risk factors triggering the progression of EPS, patients 
with refractory bacterial peritonitis necessitating dialysis 
catheter removal are at particularly high risk of developing 
EPS. Many of these patients might indeed experience non-
resolving sterile peritonitis (probably the inflammatory 
phase of EPS) before progression to full-blown disease (that 
is, the presence of intestinal obstruction). We undertook 
a retrospective study to compare, in this particular situa-
tion, the clinical characteristics of patients with or without 
sterile peritoneal inflammation, assessing their clinical 
outcomes in terms of short-term mortality and the chance 
of developing full-blown EPS.
♦  Methods:  Our retrospective review included 62 patients 
whose dialysis catheter was removed because of refractory 
peritonitis between January 2005 and December 2010.
♦  Results:  Of the 62 patients identified, 39 (63%) had per-
sistent sterile peritoneal inflammation (“high-risk” group, 
n = 39), and 23 (37%) had resolution of inflammation with-
out significant intra-abdominal collection after catheter 
withdrawal (“control” group, n = 23). Compared with the 
control group, the high-risk group had a significantly longer 
PD duration (71.6 ± 43.3 months vs 42.3 ± 29.9 months, 
p  = 0.003), a higher dialysate-to-plasma ratio (D/P) of 
creatinine (0.768 ± 0.141 vs 0.616 ± 0.091, p = 0.004), and 
a higher computed tomography score for EPS (7.69 ± 2.98 vs 
1.00 ± 1.00, p < 0.001). During the 6-month study period, 
the high-risk group had a higher chance of developing 

full-blown EPS (31% vs 0%, p = 0.002) and a higher 6-month 
all-cause mortality (36% vs 4.3%, p = 0.004).
♦  Conclusions:  Persistent sterile peritoneal inflammation 
was common after dialysis catheter removal for refractory 
bacterial peritonitis, and the patients with such inflamma-
tion were at high risk of progression to full-blown EPS.
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Encapsulating peritoneal sclerosis (EPS) is a progres-
sive inflammatory condition, leading to peritoneal 

fibrosis and intestinal encapsulation, with a terminal 
presentation of intestinal obstruction and malnutrition. 
It was first reported in a peritoneal dialysis (PD) patient 
in 1980 (1), and in various series since, its incidence 
has ranged from 0.8% to 3.3% (2–4). The high morbid-
ity and mortality associated with EPS makes it the most 
serious complication of PD. Mortality up to 100% has 
been reported in patients receiving PD for more than 
15 years (2–5).

The challenge in managing EPS lies in making an early 
diagnosis of the condition. In 2005, Nakamoto proposed a 
staging system for EPS (6), including pre-EPS and inflam-
matory, encapsulating, and ileus phases. However, clinical 
features in the early (inflammatory) phase are rather non-
specific, which frequently leads to under-diagnosis (6,7). 
Most available studies refer to a “definite diagnosis” of 
EPS when intestinal obstruction has already occurred, 
which is indeed a very late feature. At that point, fibrosis 
has invariably set in, and medical treatment has become 
relatively ineffective. Identifying patients at the early 
inflammatory phase when they are at risk of progression 
to full-blown EPS (that is, the encapsulating and ileus 
stages), and following up with timely medical treatment, 
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is therefore of paramount importance to stop disease 
progression and improve outcomes (6,7).

According to the “two-hit” theory put forward by 
Honda and Oda (8), withdrawal of PD and bacterial peri-
tonitis (the second “hit”) are important triggers for the 
onset of EPS, especially in patients with existing perito-
neal deterioration because of a long history of PD (the 
first “hit”). Their theory is supported by the fact that 63% 
of EPS cases develop within 1 year after PD withdrawal 
(2), and many of the patients experience non-resolving 
peritoneal inflammation, with persistent elevation of 
C-reactive protein (CRP) and the presence of ascites after 
peritoneal catheter removal for refractory peritonitis 
(3,9,10). Patients who have undergone catheter removal 
for refractory bacterial peritonitis are therefore in a 
unique clinical situation, with the coexistence of two 
putative “second hit” factors rendering these patients 
at an exceptional risk of developing EPS.

We undertook a retrospective study to identify patients 
with persistent sterile peritoneal inflammation after 
dialysis catheter removal for refractory bacterial peri-
tonitis and to compare their clinical characteristics and 
outcomes, including short-term all-cause mortality and 
development of full-blown EPS, with the characteristics 
of patients without sterile peritoneal inflammation.

METHODS

PATIENT SELECTION

This single-center retrospective study identified all 
PD patients who underwent dialysis catheter removal 
because of refractory peritonitis between January 2005 
and December 2010 (n = 87). Among the 87 identified 
patients, 25 were excluded because of the presence of 
surgical pathology causing peritonitis (n = 5) or because 
of non-resolving intra-abdominal sepsis (as evidenced by 
a positive culture from an intra-abdominal collection) even 
after dialysis catheter removal and continuation of appro-
priate antibiotic therapy for a reasonable duration (n = 20). 
The final analysis included all 62 remaining patients.

During the study period, 605 episodes of peritonitis 
occurred in 669 patients, for an average peritonitis rate 
of 1 episode in 31.1 treatment–months. The peritonitis 
episodes leading to dialysis catheter removal are here 
called “index episodes.”

The index peritonitis episodes were diagnosed accord-
ing to International Society for Peritoneal Dialysis (ISPD) 
diagnostic criteria, which include at least two of

•		 abdominal pain or cloudy PD effluent,
•		 leukocytosis in dialysate (>100/μL), and
•		 positive Gram stain or culture of dialysate.

Initial antibiotic protocols in our unit were devised 
according to the prevailing ISPD peritonitis guidelines. 
During the study period, our prevailing initial antibiotic 
regime was cefazolin plus gentamicin or cefepime alone 
intraperitoneally. Choice and duration of antibiotics 
were adjusted according to culture and sensitivity test 
results once they became available. It was intended that 
dialysis catheters be removed on day 5 of any peritonitis 
that failed to respond to appropriate antibiotic therapy, 
but the actual timing was subject to the clinical condition 
of individual patients and the availability of a surgical 
suite. Computed tomography (CT) imaging of abdomen 
and pelvis were arranged for all patients who underwent 
dialysis catheter removal for refractory peritonitis to 
assess for any persistent intra-abdominal collection. The 
imaging was usually performed at 4 weeks after catheter 
removal—or earlier depending on the clinical needs of 
individual patients. For patients who had significant 
intra-abdominal collections, image-guided abdominal 
tapping (both diagnostic and therapeutic) was routinely 
performed whenever possible to rule out ongoing intra-
abdominal sepsis. Ongoing inflammation was defined as 
the presence of an otherwise unexplained abnormal CRP 
level at about 3 weeks after dialysis catheter removal in 
the presence of appropriate antibiotic treatment.

During the study period, 39 patients had persis-
tently abnormal CRP levels and signif icant sterile 
intra-abdominal collections on CT imaging (digital 
or printed films) after dialysis catheter removal for 
refractory bacterial peritonitis, despite at least 3 weeks  
of appropriate antibiotic treatment after catheter 
removal (“high-risk” group, n = 39). In 23 patients, CRP 
rapidly normalized and no intra-abdominal collections 
were noted after dialysis catheter removal (“control”  
group, n = 23).

The CT images were scored according to the 6-point 
scoring system (Table  1) devised by Tarzi et al. (11). 
However, to eliminate the potential for bias contributed 
by the quality difference between printed films and 
digital images, only the digital CT images available since 
January 2008 were analyzed. All the digital images were 
reviewed and scored by an independent radiologist, who 
was blinded to the clinical information of the patients.

For the study patients, variables were collected and 
their clinical course was followed for 6 months after the 
onset of peritonitis. Baseline demographic and clinical 
data, including age, sex, underlying renal disease, mode 
of PD, duration of PD, and total number of peritonitis 
episodes were recorded. In addition, the peritoneal 
equilibration test (PET) results closest in time before 
the index peritonitis episode and any history of ultra-
filtration failure (defined as an ultrafiltration volume 
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less than 100 mL with instillation of 2.5% dialysis fluid 
over 4 hours) were assessed. With respect to the index 
peritonitis episodes, the initial antibiotic regimen, the 
causative organism or organisms, and the total dura-
tion of antibiotic administration were reviewed. Levels 
of CRP at about 3 weeks after dialysis catheter removal 
were recorded. The CT imaging and Charlson comorbidity 
index scores were also calculated. Outcome measures—
including the occurrence of full-blown EPS (defined as 
the presence of intestinal obstruction with CT features 
of bowel encapsulation) during the study period and all-
cause mortality at 6 months from the time of diagnosis 
of peritonitis—were assessed.

STATISTICAL ANALYSIS

The statistical analysis was performed using the SPSS 
software application (version 15.0: SPSS, Chicago, IL, 
USA). Continuous data are expressed as mean ± standard 
deviation unless otherwise specified, and categorical 
data are expressed as numbers and percentages. For 
comparisons, a chi-square test or Fisher exact test was 
used for categorical data and a t-test for continuous 
variables. A p value of less than 0.05, two-tailed, was 
considered statistically significant.

RESULTS

Among the 62 patients identified, 39 (63%) with 
persistent sterile peritoneal inflammation were classi-
fied into the high-risk group according to our inclusion 
criteria. These patients accounted for 44.8% of all our 
cases involving catheter removal and 63% of those with 
no underlying surgical condition or persistent intra-
abdominal infection.

Among the 39 patients in the high-risk group, 32 
(82%) had undergone diagnostic abdominal paracente-
sis, and 9 were still on antibiotic treatment at the time of 
the procedure. Most of the 39 patients had one or more 
gastrointestinal symptoms (including vomiting, nausea, 

loss of appetite, abdominal distension, and diarrhea), 
consistent with clinical manifestations of early-phase 
EPS. Repeated therapeutic paracentesis was required in 
20 patients for symptomatic relief. In 27 patients, the 
peritoneal fluid was bloodstained on aspiration. In 7 
patients, small and deep-seated collections rendered 
paracentesis infeasible. We observed no complications 
related to the foregoing procedures. All specimens 
were negative on culture, and the subsequent clinical 
course of all 39 patients showed no evidence of ongoing 
intra-abdominal infection. All patients had persistently 
elevated CRP, ranging from 10 mg/L to 280 mg/L (medi-
an: 91 mg/L; interquartile range: 77 mg/L).

The 23 patients in the control group (37%) had com-
plete resolution of inflammation without developing any 
intra-abdominal collection after catheter removal.

There were no significant differences in baseline 
characteristics between the high-risk and control 
groups (Table 2), except that, compared with the control 
group, the high-risk group had a significantly longer 
duration of PD (71.6 ±  43.3 months vs 42.3 ±  29.9 
months, p  = 0.003). Information about PET results 
and ultrafiltration were retrievable for only 21 (54%) 
and 7 (30%) of the patients in the high-risk and con-
trol groups respectively. Based on these incomplete 
data, the high-risk group showed a trend toward a 
higher transport state: that is, a higher dialysate-to-
plasma ratio (D/P) of creatinine (0.768 ± 0.141 vs 0.616 ±  
0.091, p = 0.004).

With respect to the index peritonitis episodes, the 
groups showed no significant differences in terms of 
bacteriology (Figure 1), antibiotic regime, or timing of 
dialysis catheter removal. A significantly longer duration 
of antibiotic treatment was observed in the high-risk 
group (Table 3).

Among the study patients, 38 (61%) had their 
abdominal CT imaging in digital format and were reviewed 
by our radiologist (Table  4 and Figure  2). Scores for 
features of EPS were significantly higher in the high-
risk group than in the control group (7.69 ±  2.98 vs 

TABLE 1 
Scoring Parameters for Computed Tomography Imaging

	 Peritoneal	 Peritoneal	 Bowel wall	 Bowel		  Bowel
	 calcification	 thickening	 thickening	 tethering	 Loculation	 dilatation

	0	 Not identified	 0	 Not identified	 0	 Not identified	 0	 Not present	 0	 Not present	 0	 Not identified
	1	 Localized (<20%)	 1	 Localized (<20%)	 1	 Localized (<20%)	 1	 Mild	 1	 <3 Locules	 1	 Localized
	2	 20% of peritoneum	 2	 20% of peritoneum	 2	 20% of bowel	 2	 Moderate	 2	 3–6 Locules	 2	 20% of bowel
	3	 50% of peritoneum	 3	 50% of peritoneum	 3	 50% of bowel	 3	 Marked	 3	 Multiloculated	 3	 50% of bowel
	4	 Extensive (>80%)	 4	 Extensive (> 80%)	 4	 Extensive (>80%)	 	 	 	 	 4	 Extensive (>80%)

This single copy is for your personal, non-commercial use only. 
For permission to reprint multiple copies or to order presentation-ready 

copies for distribution, contact Multimed Inc. at marketing@multi-med.com.



510

WONG et al.	 september  2013 - Vol. 33, No. 5	 PDI

OUTCOME

In the high-risk group, 12 patients developed full-
blown EPS during the 6-month study period; no patient 
in the control group developed EPS (31% vs 0%, p  = 
0.002). The baseline characteristics were similar for 
patients within the high-risk group who did and did not 
develop full-blown EPS (Table 2). The average time from 
dialysis catheter removal to the development of intestinal 
obstruction leading to a diagnosis of full-blown EPS was 
37 ± 28.7 days (range: 17 – 119 days). These patients had 
persistent gastrointestinal tract malfunction requiring 
nasogastric tube suction and support with total parenter-
al nutritional. Compared with the patients who developed 
full-blown EPS during the follow-up period, those who 
did not develop EPS appeared to have better nutrition 
status and higher mean serum albumin at 6 months 
(34.1 ± 2.4 mg/dL vs 27.3 ± 10.6 mg/dL, p = 0.114).

Fixed-time all-cause mortality at 6 months was calcu-
lated for the patients from the diagnosis of peritonitis. 
Compared with the control group, the high-risk group 
had a significantly higher 6-month all-cause mortal-
ity (36% vs 4.3%, p  = 0.004) and a shorter survival 

1.00 ±  1.00, p  < 0.001). Apart from the presence of 
mild peritoneal thickening and a very small amount of 
loculations, all the CT features of EPS were absent in the  
control group.

TABLE 2 
Baseline Demographic and Peritoneal Dialysis Data

	 Patient group		
	 High-risk: progressed to full-blown EPS?	 p Value
Variable	 A: Control	 B1: Overall	 B2: Yes	 B3: No	 (A vs B1)	 (B2 vs B3)

Patients (n)	 23	 39	 12	 27		
Mean age (years)	 62.9±12.5	 59.6±12.0	 60.7±8.9	 59.1±13.3	 NS	 NS
Sex (n)					     NS	 NS
	 Men	 13	 21	 6	 15		
	 Women	 10	 18	 6	 12		
Causes of ESRF (n)						    
	 Diabetes mellitus	 12	 14	 3	 11	 NS	 NS
	 Hypertension	 0	 3	 2	 1	 NS	 NS
	 Glomerulonephritis	 2	 6	 1	 5	 NS	 NS
	 Others	 4	 2	 0	 2	 NS	 NS
	 Unknown	 5	 14	 6	 8	 NS	 NS
Mean CCI score	 3.87±1.79	 4.18±1.60	 4.67±1.67	 3.96±1.36	 NS	 NS
Mean PD duration (months)	 42.3±29.9	 71.6±43.3	 69.2±36.4	 72.6±46.6	 0.003	 NS
Total peritonitis episodes (n)a	 2.0±1.4	 2.4±1.8	 2.2±1.1	 2.5±2.0	 NS	 NS
Ultrafiltration failure (n)					     NS	 NS
	 Yes	 1	 5	 2	 3		
	 No	 6	 16	 4	 12		
Mean D/P creatinine	 0.616±0.091	 0.768±0.141	 0.830±0.408	 0.72±0.461	 0.004	 NS
Current use of icodextrin (n)	 0	 4			   NS	

EPS = encapsulating peritoneal sclerosis; NS = nonsignificant (p > 0.05 by t-test or chi-square test); ESRF = end-stage renal failure; 
CCI = Charlson comorbidity index; PD = peritoneal dialysis; D/P = dialysate-to-plasma ratio.
a	Including the index episode.

Figure 1 — Causative organisms for the index peritonitis epi-
sode in the high-risk and control groups. p Value obtained by 
chi-square test. MSSA = methicillin-sensitive Staphylococcus 
aureus; E. coli = Escherichia coli.
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(165 ± 37.0 days vs 178 ± 9.4 days; 95% confidence inter-
val: –26.08 to –0.98; p = 0.035). Within the high-risk 
group, we observed an insignificant trend toward higher 
6-month all-cause mortality for patients with full-blown 
EPS than for patients without full-blown EPS (50% vs 
29.6%, p = 0.194). Table 5 presents the causes of death 
for the patients in the high-risk group.

DISCUSSION

In the present study, we found that persistent 
sterile peritoneal inflammation was common (up to 
63%) in patients after catheter removal for refractory 

bacterial peritonitis. These patients had an increased 
risk for developing full-blown EPS and poor short-term 
survival, especially those who had received PD for more 
than 5 years and who had a high transport membrane.

The current difficulty in managing EPS is the lack of 
specific diagnostic criteria in the early inflammatory 
phase, which is probably the only phase during which 
medical therapy will be effective (7). Once full-blown 
EPS has occurred (with the presence of encapsulation 
and fibrosis), mortality is high, and only surgical therapy 
can potentially improve the condition. Despite medical 
advances in proteomics (such as tests for cancer antigen 
125, matrix metalloproteinase 2, or interleukin 6 either 
alone or in combination), its application in a diagnosis of 
EPS is still inconclusive (12,13). Moreover, the necessary 
tests might not be widely available in local PD centers, 
and clinical judgment is still required to select the high-
risk patients that will undergo such investigations.

Using clinical criteria in a preset clinical context, we 
successfully identified patients at high risk of progression 
to full-blown EPS. According to the “two-hit” theory of 
Honda and Oda, patients undergoing dialysis catheter 
removal for refractory bacterial peritonitis have two 
important “second hit” factors (bacterial peritonitis and 
withdrawal of dialysis) which predispose them to EPS 
development (2,8). The accelerated fibrin production 
triggered by peritoneal infection, if not continuously 
washed out by PD (because of treatment withdrawal), 
will rapidly deposit and encapsulate the bowel, causing 
bowel dysfunction (7,8). Clinically, 38% of EPS cases 
were observed to develop after an episode of bacterial 
peritonitis (3,14), and 63% of cases occurred after PD 
withdrawal for various reasons (2). Although bacte-
rial peritonitis and PD withdrawal both appear to be 

Figure 2 — Distribution of computed tomography (CT) scores 
for patients in the control and high-risk groups. NFB  = no 
full-blown encapsulating peritoneal sclerosis (EPS); FB = with 
full-blown EPS.

TABLE 3 
Characteristics of the Index Peritonitis Episode in the 

High-Risk and Control Groups

	 Patient group
		  Control	 High-risk	 p
		  Characteristic	 (n=23)	 (n=39)	 Value

Initial antibiotic regime			   NS
	 Cefepime	 8	 11	
	 Cefazolin–gentamicin	 11	 22	
	 Cefazolin–ceftazidime	 4	 1	
	 Others	 0	 5	
Mean duration of antibiotics  
  (weeks)	

3.87±0.87	 6.22±3.53	 0.003

Mean days to catheter  
  removal (days)	

7.00±3.74	 6.85±4.29	 NS

NS = nonsignificant (p > 0.05 by chi-square test for antibiotic 
regimen and by t-test for duration of antibiotics and days to 
catheter removal).

TABLE 4 
Computed Tomography (CT) Scores in the High-Risk 

and Control Groups

	 Patient group
		  Control	 High-risk	 p
		  Variable	 (n=23)	 (n=39)	 Value

Patients reviewed [n (%)]	 9 (39)	 29 (74)	
Mean total CT score	 1.00±1.00	 7.69±2.98	 <0.001a

	 Peritoneal calcification	 0	 0.35 (0–1)b	

	 Peritoneal thickening	 0.78 (0–2)b	 3.31 (2–4)b	

	 Bowel wall thickening	 0	 0.38 (0–3)b	

	 Bowel tethering	 0	 1.17 (0–3)b	

	 Loculation	 0.22 (0–1)b	 2.26 (0–3)b	

	 Bowel dilatation	 0	 0.48 (0–3)b	

a	By t-test.
b	Mean (range) with respect to the study population.
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associated with the development of EPS, the individual 
roles and relative importance of these two predisposing 
factors remain unclear. Often, they are indeed inter-
related and occur at the same time, because refractory 
bacterial peritonitis is a major reason for peritoneal 
catheter removal, leading to temporary or permanent PD 
withdrawal. In this regard, our study has not provided a 
definite answer.

In the overall study population of 62 patients who 
underwent peritoneal catheter removal because of 
refractory bacterial peritonitis, 12 (19%) developed 
EPS. Notwithstanding this seemingly high proportion, 
we were unable to identify any specif ic additional 
peritonitis-related risk factor. Hence, we still cannot 
provide evidence that peritonitis plays a particular 
role in the pathophysiology of EPS. On the other hand, 
persistent sterile peritoneal inflammation despite the 
resolution of sepsis was found to be crucial in the devel-
opment of EPS under this particular circumstance. We 
deliberately excluded from the study patients who had 
bacterial peritonitis because of surgical pathology or per-
sistent intra-abdominal sepsis because it is well known 
that unresolved intra-abdominal infection is associated 
with adhesions and fibrosis, which probably represents 
a different pathophysiologic mechanism and carries a 
different prognosis and implication for intervention than 
that in patients having EPS.

In various studies, elevated CRP and the presence 
of intra-abdominal collections have commonly been 
observed in patients with technique failure (9,10,15). In 
a Korean study by Moon et al. (9), persistent elevation 

of CRP at 72 hours was found to be a significant predic-
tor for the development of EPS in patients after dialysis 
catheter removal for refractory peritonitis. Another 
local study by Szeto et al. (10) also found that 14% of 
their patients in the same clinical context experienced 
persistent symptomatic intra-abdominal collections, and 
67% and 70% of the patients also had elevated inflam-
matory markers and bowel obstruction respectively. 
Those features are likely the clinical manifestations of 
the inflammatory phase of EPS. However, in that study, 
imaging (either by ultrasonography or CT) was arranged 
only for those who experienced persistent abdominal 
symptoms or features of ongoing infection, possibly 
leading to underdetection of subclinical collections. 
In contrast, our center routinely performed CT imaging 
for all patients after dialysis catheter removal, allowing 
for the detection of subclinical yet clinically signifi-
cant intra-abdominal collections. These examinations 
explain our higher rate of intra-abdominal collection 
after dialysis catheter removal (63% vs 14% in the other 
study), which is indeed a more accurate reflection of 
the scale of the problem. Thus, patients who undergo 
dialysis catheter removal for refractory peritonitis are 
particularly “at risk” for the development of EPS and 
should be actively monitored for features of peritoneal 
inflammation, including persistently elevated CRP and 
the presence of intra-abdominal collections.

In our study, a significantly longer duration of PD 
and higher membrane transport were observed in the 
high-risk group, findings that have consistently been 
identified as risk factors for EPS (2–5,16). Prolonged 

TABLE 5 
Causes of Death in the High-Risk Group

	Pt	 Sex	 Age	 Cause	 Full-blown	
	ID	 (M/F)	 (years)	 of ESRF	 EPS	 Cause of death

	1	 M	 69	 Unknown	 No	 Stroke
	2	 M	 55	 DM	 No	 Sudden cardiac death
	3	 M	 70	 DM	 No	 Cardiac failure
	4	 M	 60	 Unknown	 Yes	 Abdominal wall abscess
	5	 M	 42	 DM	 Yes	 Intestinal obstruction with malnutrition and sepsis
	6	 M	 68	 Unknown	 No	 Stroke and chest infection
	7	 F	 66	 Hypertension	 Yes	 Intestinal obstruction with malnutrition and sepsis
	8	 M	 73	 DM	 No	 Poor oral intake with malnutrition and sepsis 
	9	 F	 60	 Unknown	 No	 Gastrointestinal bleeding
	10	 F	 71	 Unknown	 Yes	 Malnutrition and sepsis
	11	 F	 72	 DM	 Yes	 Acute coronary syndrome
	12	 M	 72	 Unknown	 Yes	 Intestinal obstruction and chest infection
	13	 M	 51	 Hypertension	 Yes	 Unknown

Pt = patient; M/F = male or female; ESRF = end-stage renal failure; EPS = encapsulating peritoneal sclerosis; DM = diabetes mellitus.
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exposure to bioincompatible hypertonic glucose solu-
tion leads to the development of a high-transport state 
(17), which is indirect evidence of peritoneal deteriora-
tion (that is, the “first hit”), subsequently leading to 
development of EPS upon a “second hit.” Regular PETs 
should be arranged in all PD patients for the purpose of 
peritoneal function monitoring. However, use of icodex-
trin was low in our study. That lower use might be partly 
attributed to cost concerns in our locality, but in addi-
tion, icodextrin dialysate was not available for patients 
using Fresenius connection systems. Those patients 
had to rely on high-tonicity dialysate to tackle the  
ultrafiltration problem.

Characteristic CT features for EPS and higher CT scores 
were observed for patients in the high-risk group in the 
current study (18–20). On CT, features such as peritoneal 
calcification, bowel wall thickening, bowel tethering, and 
bowel dilatation were found only in the high-risk group. 
A previous study reported that individual CT changes are 
not specific for EPS, because they can also be found in 
long-term PD patients, but the combination of features 
is still useful in making a diagnosis of EPS (18). Our study 
also demonstrated that CT changes are already evident 
in the early inflammatory phase of EPS. Taken together, 
CT changes might indeed provide important clues for the 
early identification of patients at risk of developing EPS. 
Early CT imaging should therefore probably be advocated 
for patients with high-risk characteristics after catheter 
removal for refractory peritonitis. In this context, a 
detailed case-by-case discussion with the radiologists 
to look for the specific features would be particularly 
helpful. However, screening CT imaging for EPS outside 
the setting of the present study has not been found to 
be useful (11,20).

LIMITATIONS

The present study has a few limitations. First, data 
collection was incomplete because of the retrospective 
study design. Data concerning transport status was avail-
able for only 45% of the study population. A considerable 
number of patients failed to undergo PET studies because 
of fragility or other personal reasons, which might have 
had a significant effect on the comparisons of transport 
status and the incidence of ultrafiltration failure in the 
two patient groups. There are also inadequacies in the 
assessment of CT score. The fact that only 61% of the 
CT scans (39% in the control group, 74% in high-risk 
group) were used for scoring and that only 1 independent 
radiologist was responsible for the scoring (instead of 
2) might potentially create bias and affect the reliability 
of the results. Furthermore, in the present study, we 

reported only those patients who developed EPS early 
after an episode of peritonitis. Given the findings that 
many patients who did not develop full-blown EPS indeed 
had high CT scores, it is possible that more patients in 
the high-risk group would have developed full-blown EPS 
after a longer duration of follow-up. On the other hand, 
other patients in our center developed EPS after renal 
transplantation, late (that is, months to years) after an 
episode of peritonitis, after conversion to hemodialysis 
because of technique failure, or while still on PD with-
out a preceding peritonitis. In the absence of reliable 
screening tools or monitoring protocols, these patients 
were typically diagnosed in the late stage of EPS when 
they presented with severe gastrointestinal symptoms 
from intestinal obstruction. The findings in the present 
study might therefore not be applicable to the groups of 
patients who develop EPS without a preceding episode 
of refractory peritonitis requiring catheter removal. 
Furthermore, although a high CT score was found to 
be associated with a higher risk for EPS, we observed 
no cut-off value that would help to clearly diagnose 
the condition. Finally, this is just a single-center study 
involving a small number of patients of Chinese ethnic-
ity, and therefore the results need to be confirmed by 
large-scale study and might not be generalizable to 
other ethnic groups. A multicenter prospective study 
with a standard screening and follow-up protocol would 
be desirable to clarify the issue.

CONCLUSIONS

In the present study, we observed that persistent 
sterile peritoneal inflammation was common after dialy-
sis catheter removal for refractory bacterial peritonitis 
and that it might predispose the patients to develop EPS 
and to progress to full-blown disease. Close observation 
through serial monitoring of inflammatory markers and 
abdominal CT imaging after catheter removal might 
help with early identification of the high-risk group of 
patients. Indeed, CT imaging might be a useful adjunct in 
the identification of the early inflammatory phase of EPS, 
which might possibly be more amendable to therapeutic 
intervention. After all, high clinical suspicion is the key to 
early diagnosis. Hopefully, with early identification and 
treatment, the outcome of this serious condition might 
be improved. Nevertheless, further large-scale prospec-
tive studies are needed to confirm our findings.
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