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Abstract
Purpose  To investigate the imaging features of patients with long-term continuous ambulatory peritoneal dialysis (CAPD) 
on nonenhanced abdominal CT and to identify adverse factors for long-term CAPD.
Methods  A total of 109 patients with less than 5 years of CAPD for peritoneal ultrafiltration failure who switched to 
hemodialysis (withdrawal group) and 23 patients with more than 10 years of CAPD (long-term group) were retrospectively 
enrolled. Nonenhanced CT manifestations in both groups were compared, including thickening and calcification of the 
parietal peritoneum, calcification of the mesangial margin and free margin of the small intestine wall, and calcification of 
the mesentery and abdominal aorta. A risk stratification model was proposed based on CT manifestations with statistically 
significant differences.
Results  The presence of the following CT findings was significantly different between two groups: extensive thickening of the 
parietal peritoneum (78.9% vs. 21.7%, P < 0.01); severe calcification of the parietal peritoneum (60.6% vs. 8.7%, P < 0.01); 
calcification of the mesentery (32.1% vs. 4.3%, P < 0.05); and calcification of the free margin of the small intestine wall 
(49.5% vs. 13.0%, P < 0.05). However, there was no significant difference in calcification of the mesangial margin of the 
small intestine wall (40.3% vs. 30.4%) or in abdominal aortic calcification (56.9% vs. 61.1%) (P > 0.05). The area under the 
receiver operating characteristic curve (AUC) was 0.906 (sensitivity 87.6% and specificity 82.6%).
Conclusion  Extensive thickening of the parietal peritoneum, severe calcification of the parietal peritoneum, and calcification 
of the mesentery and the free margin of the small intestine wall are adverse factors for long-term CAPD.
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Abbreviations
CAPD	� Continuous ambulatory peritoneal dialysis
PD	� Peritoneal dialysis
ESRD	� End-stage renal disease
ROC	� Receiver operating characteristic
EPS	� Encapsulating peritoneal sclerosis

Introduction

Peritoneal dialysis (PD) is one of the most important meth-
ods for renal replacement therapy in patients with end-stage 
renal disease (ESRD) [1]. PD has some advantages over 
hemodialysis, including preservation of residual renal func-
tion, better quality of life, and lower cost [2]. PD is the most 
frequent home-based dialysis treatment, especially during 
the COVID-19 pandemic, as it is not strongly influenced by 
isolation policies [3]. The peritoneum of PD patients may be 
gradually injured by hyperosmotic dialysis solution, perito-
nitis or other reasons. Ultrafiltration failure after peritoneal 
injury is an important reason that patients withdraw from 
PD treatment [4, 5]. The aim of this study was to investigate 
imaging features on nonenhanced abdominal CT and to iden-
tify adverse factors associated with long-term continuous 
ambulatory peritoneal dialysis (CAPD).

Materials and methods

Participants

This study was approved by the institutional review board. 
Written informed consent was obtained from all participants. 
Long-term PD patients with regular medical follow-up were 
enrolled from September 2003 to December 2019. The 
inclusion criteria are: (1) diagnosed with ESRD undergoing 
regular PD longer than 6 months; (2) age above 18 years; (3) 
baseline examination (before starting PD) by nonenhanced 
abdominal CT revealed normal appearance of peritoneum, 
for which all the image indicators (see below in “Image anal-
ysis”) were negative; and (4) regular follow-up examination 
by nonenhanced abdominal CT. The exclusion criteria are: 
(1) acute kidney injury or emergency peritoneal dialysis; (2) 
kidney transplantation or death due to other complications; 
(3) patients with secondary hyperparathyroidism and excess 
D state; (4) incomplete clinical data.

A total of 132 patients were retrospectively enrolled 
according to the above criteria, including 109 who under-
went fewer than 5 years of CAPD for peritoneal ultrafil-
tration failure and switched to hemodialysis (withdrawal 
group) and 23 with more than 10 years of CAPD (long-term 
group). For patients in the withdrawal group, CT images 
within 3 months before stopping CAPD were collected; CT 

images in the 10th year of CAPD were collected for the 
long-term group.

CT data acquisition

CT examination was performed with a Canon 320-slice CT 
Aquilion One. Before scanning, the patients fasted for 4–6 h 
and received dilutions of 800–1000 ml of mannitol orally. 
Scanning parameters were as follows: tube voltage 120 kV, 
tube current 200 mA, no spacing volume scanning. The scan 
range was from the diaphragmatic apex to the pelvic floor.

Image analysis

The imaging manifestations of the two groups on nonen-
hanced abdominal CT were compared, and the observations 
included the following six aspects.

(1) Thickness of the parietal peritoneum: extensive thick-
ening was defined as thickness of the parietal peritoneum ≥ 
3 mm, with a range ≥ 50% (Fig. 1). The range of peritoneal 
thickening was determined by the percentage of layers of 
peritoneal thickening on CT cross-section to the total number 
of layers of the abdominal scan. (2) Calcification of the free 
margin of the small intestine wall (white arrow in Fig. 2). (3) 
Calcification of the parietal peritoneum: severe calcification 
was characterized by extensive linear calcification (Fig. 3) or 

Fig. 1   Glomerulonephritis led to chronic kidney failure in a 63-year-
old woman with a history of 11 years of CAPD. The coronal nonen-
hanced abdominal CT image shows that the parietal peritoneum was 
extensively thickened (arrows); scored as 1 point
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scattered calcification involving more than 10 foci (Figs. 4, 5). 
(4) Calcification of the mesangial margin of the small intestine 
wall (short white arrow in Fig. 6). (5) Calcification of the mes-
entery (Fig. 5). (6) Abdominal aortic calcification.

CT images of all patients were independently qualitatively 
interpreted by two radiologists (Z.F. with 6 years and P.Y. 
with 5 years of experience), and discrepancies were resolved 
via consensus by a senior radiologist (G.J. with 15 years of 
experience).

Statistical analysis

SPSS 22.0 statistical software was used. All data are presented 
as the case (%) and mean ± SD or median (25th quartile to 75th 
quartile). Independent sample T tests were used to compare 
imaging parameters between the two groups, and parameter 
features with statistically significant differences were then 
scored according to odds ratios. The image interpretation accu-
racy was compared by the χ2 test, and consistency between 
the two readers was analyzed using the kappa test. Two-sided 
p < 0.05 was regarded as significant.

Fig. 2   Chronic kidney failure in a 65-year-old man with a history of 
10  years of CAPD. The coronal nonenhanced abdominal CT image 
shows extensive linear calcification of the free margin of the small 
intestine wall (arrow); scored as 1 point. Peritoneal dialysis tubes can 
be seen (arrowhead)

Fig. 3   Diabetic nephropathy led to chronic kidney failure in a 
51-year-old man with a history of 3  years of CAPD who switched 
to hemodialysis because of inadequate dialysis. The coronal nonen-
hanced abdominal CT image shows that the parietal peritoneum had 
extensive calcification, such as long linear and short linear lesions 
(arrows); scored as 2 points

Fig. 4   Chronic renal insufficiency in a 45-year-old woman with a his-
tory of 4  years of CAPD who switched to hemodialysis because of 
an increase in serum creatinine. The coronal nonenhanced abdominal 
CT image shows calcification of the parietal peritoneum at more than 
10 sites (arrowheads), and calcification of the free margin of the mes-
ostenium-free margin can also be seen (arrows); scored as 3 points
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Results

Demographic characteristics of the subjects

The primary diseases of the two groups included glo-
merulonephritis, diabetic nephropathy, hypertensive 
nephropathy, LGA nephropathy and obstructive nephrop-
athy. There were no significant differences in sex, age or 
percentage of primary disease between the two groups 
(Table 1).

Imaging manifestations

Thickening of the parietal peritoneum: Thickening included 
broadly linear thickening, with higher density. The lesions 
were mostly located around the liver, at the free margin 
of the peritoneum on one side or both sides, or in the area 
where the peritoneum was reversed. The thickness varied 
from 3 mm to 5 mm. Compared with the withdrawal group 
and long-term group, the rate of extensive thickening of the 
parietal peritoneum was 78.9%–21.7%, and the difference 
was significant (p = 0.031).

Calcification of the parietal peritoneum: Calcification was 
mostly located at the free margin of the parietal peritoneum. 
Severe calcification was characterized by extensive linear 
calcifications or scattered calcifications of more than 10 foci, 
which manifested as short strips, clusters, or lumps. The 
rate of severe parietal peritoneal calcification between the 
withdrawal and long-term groups was 60.6% vs. 8.7%, which 
was significant (p < 0.001).

Calcification of the mesangial margin and the free margin 
of the small intestine wall: These calcifications were char-
acterized by high-density foci at the mesangial margin or 
free margin of the small intestine wall, which appeared as 
speckled, patchy, linear, cluster-shaped lesions. Calcification 
at the free margin was significantly different between the two 
groups (49.5% vs. 13.0%) (p = 0.012). However, there was 
no significant difference between the two groups in calcifi-
cation of the mesangial margin of the small intestine wall 
(40.3% vs. 30.4%) (p = 0.074).

Calcification of the mesentery: These foci manifested as 
spotty, patchy, and clustered lesions. Sixty-seven patients in 
the withdrawal group showed mesenterial calcification. In 
contrast, only two patients in the long-term group showed 
a small speckled calcification in the mesentery, and the dif-
ference was significant (p < 0.001).

Abdominal aortic calcification: Among the 109 patients 
in the withdrawal group, 62 exhibited abdominal aortic cal-
cification (56.9%), whereas 14 (61.1%) of the 23 patients 
in the long-term group had abdominal aortic calcification. 
There was no significant difference between the two groups 
(p = 0.538).

Fig. 5   Hypertensive nephropathy led to chronic kidney failure in a 
69-year-old man with a history of 3.5 years of CAPD who switched 
to hemodialysis because of inadequate dialysis. The coronal nonen-
hanced abdominal CT image shows multiple places of calcification in 
the mesentery region (arrows) and more than 10 foci of calcification 
in the parietal peritoneum (arrowheads); scored as 4 points

Table 1   Comparison of general information between the two groups

Data are the mean ± standard deviation or n (%)

Age (y) Male Female Glomerulonephritis Diabetic nephropa-
thy

Hypertensive 
nephropathy

LGA nephropathy Obstructive 
nephropathy

Withdrawal group 
(n = 109)

(50.3 ± 19.7) 61 48 47(43.1%) 35(32.1%) 17(15.6%) 7(6.4%) 3(2.8%)

long-term group 
B(n = 23)

(53.2 ± 22.4) 13 10 11(47.8%) 6(26.1%) 4(17.5%) 1(4.3%) 1(4.3%)

p value 0.350 0.183 0.688 0.442 0.150 0.313 0.205 0.352
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A risk stratification model based on the CT manifesta-
tions with statistically significant differences was produced, 
and odds ratios were taken into consideration. The com-
parison of the CT manifestations between the two groups 
and the score of the risk stratification model are shown in 
Table 2. The cumulative score distribution of the two groups 
is provided in Table 3. The AUC value of the ROC curve 
was 0.906, as depicted in Fig. 7. The sensitivity and speci-
ficity, 0.876 and 0.826, respectively, were best at a cutoff 
value of 2. The different cases with scores of 1–4 are shown 
in Figs. 1, 2, 3, 4, 5. According to the χ2 test, there was no 
significant difference in image interpretation between the 
two readers (p < 0.05). The kappa value was 0.95, indicat-
ing excellent the image interpretation consistency between 
the two readers.

Discussion

Peritoneal injury is common in patients on long-term 
CAPD and is characterized by peritoneal changes in mor-
phology and function, influencing the effect of peritoneal 
dialysis. In serious cases, the patients even discontinue 
peritoneal dialysis treatment [6, 7]. Peritoneal biopsy is 
the diagnostic method for peritoneal injury. However, it 

is difficult to implement in clinical practice for dynamic 
observation because of the invasive nature [8]. Nonen-
hanced abdominal CT is a common examination method 
for PD patients due to its convenience, low cost, and 
lack of contrast administration [9–11]. In the past, some 
researchers have analyzed the imaging characteristics of 
patients with encapsulating peritoneal sclerosis (EPS) by 
nonenhanced abdominal CT [12, 13], which can intuitively 
reflect peritoneum and abdominal visceral changes and 
accurately detect calcifications. By comparing the imaging 
characteristics on nonenhanced abdominal CT of patients 
who withdraw from or maintain long-term CAPD, we in 
this study further speculate on the possible mechanism 

Fig. 6   Calcification of the mesangial margin of the small intestine 
wall (short white arrow). Calcification of the free margin of the small 
intestine wall (white arrow). Peritoneal dialysis tubes can be seen 
(arrowhead)

Table 2   Comparison of CT manifestations between the two groups and the score

Data are mean ± standard deviation or n (%)

Withdraw group 
(n = 109)

Long-term group 
(n = 23)

p value OR value Score

Extensive thickening of the parietal peritoneum 86 (78.9%) 5 (21.7%) 0.031 3.636 1
Severe calcification of the parietal peritoneum 66(60.6%) 2(8.7%)  < 0.001 6.966 2
Calcification of the free margin of the small intestine wall 54(49.5%) 3(13.0%) 0.012 3.808 1
Calcification of the mesangial margin of the small intestine wall 44(40.3%) 7(30.4%) 0.074 1.326 0
Calcification of the mesentery 67(61.5%) 2(8.7%)  < 0.001 7.069 2
Abdominal arterial calcification 62 (56.9%) 14 (61.1%) 0.538 0.931 0

Table 3   The score distribution of the two groups

Total score, cumulative score according to the CT observation 
indexes

Total score Withdraw group (n = 109) Long-term 
group 
(n = 23)

0 0 10
1 9 8
2 27 3
3 31 1
4 26 1
5 14 0
6 2 0
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of peritoneal changes in PD to identify adverse factors of 
peritoneal dialysis as early as possible.

PD involves a semipermeable peritoneal membrane. 
Dialysate removes water via a gradient between the 
dialysate concentration in the peritoneal cavity and the 
solute concentration in peritoneal capillaries [14]. The 
integrity of the peritoneal structure is key to maintain-
ing its function. In this study, abdominal CT findings for 
two groups of patients with different durations of dialy-
sis were analyzed, and abnormal changes in the parietal 
peritoneum, small intestine wall and surrounding area 
were detected in PD patients, consistent with previous 
reports of abdominal complications [15]. Previous case 
reports showed that peritoneal calcification may be asso-
ciated with hyperparathyroidism, excessive vitamin D, 
repeat peritonitis, and exposure to calcium-containing 
dialysate and hyperosmotic fluid [16–18]. Overall, the 
long-term exposure  to hyperosmotic dialysate, as well 
as some inflammatory factors, in the peritoneum of PD 
patients results in peritoneal thickening or calcification, 
and the effective surface area and permeability of the 
peritoneum are reduced [19]. The efficacy of peritoneal 
dialysis is affected by decreasing peritoneal ultrafiltration 
capacity and changes in the peritoneal transport state [20]. 
The results of this study showed no correlation between 
peritoneal calcification and vascular calcification, consist-
ent with the results of previous studies [21].

Yang et al. [22] analyzed abdominal CT findings of 109 
CAPD patients and proposed that parietal peritoneal thickening 

in these patients is one of the major imaging features of peri-
toneal injury. Our study is consistent with these findings, and 
we further showed more extensive thickening and calcification 
of the parietal peritoneum in the withdrawal group, with cal-
cification being more common in the free margin of the small 
intestine wall and in the mesentery. Catriona et al. [23] retro-
spectively analyzed abdominal CT findings for 27 cases diag-
nosed with EPS, and imaging manifestations such as peritoneal 
thickening, peritoneal calcification, intestinal wall thickening, 
abdominal separation and intestinal dilatation were analyzed 
by scoring in two groups of cases. The authors proposed that 
abdominal CT is a good diagnostic tool for EPS in suspicious 
cases. In our study, the manifestations of abdominal CT imag-
ing with significant differences were scored, and the results 
showed that peritoneal dialysis might not be effective at a score 
greater than or equal to 2, with high sensitivity and specificity. 
Therefore, the establishment of a simple and practical scoring 
method based on the imaging features of abdominal CT can 
help physicians evaluate the efficacy of peritoneal dialysis in 
CAPD patients more objectively.

Limitations

One limitation is that this study had a single-center design, 
with a relatively limited sample size for the long-term 
CAPD group, as patients with CAPD for over 10 years are 
rare. Another limitation is the absence of biopsy evidence 
of the peritoneum. This is because PD patients rarely 
receive surgical treatment unless they develop very severe 
abdominal complications (e.g., intestinal obstruction).

In conclusion, there are certain characteristics of long-
term CAPD on nonenhanced abdominal CT imaging. 
When extensive thickening of the parietal peritoneum, 
severe calcification of the parietal peritoneum or calcifi-
cation of the mesentery are present, the effect of peritoneal 
dialysis may be poor.
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