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Background: To investigate the incidence, risk factors, pathogen distribution, and drug resistance patterns in continuous
ambulatory peritoneal dialysis-associated peritonitis (CAPDP).

Material/Methods: Clinical data for 248 patients who underwent continuous ambulatory peritoneal dialysis (CAPD) treatment in
a single center in China from March 2018 to January 2021 were retrospectively collected. The patients were
divided into the CAPDP group (n=40) and the non-CAPDP group (n=208) according to whether peritonitis oc-
curred. The incidence rate, risk factors, bacterial distribution, and drug sensitivity of CAPDP were analyzed.

Results: The incidence of CAPDP was 16.13%, and 87.5% of patients with CAPDP continued CAPDP treatment after an-
ti-infection treatment. Patients with and without CAPDP were clearly distinguished, on the basis of their clin-
ical characteristics, by using principal component analysis (PCA) methods. Logistic regression analysis found
that body mass index (BMI; P=0.0095), albumin (P=0.016), albumin/globulin ratio (P=0.018), C-reactive protein
(P=0.0001), and rapid transport (P=0.034) were independent risk factors for CAPDP. The main pathogens caus-
ing the CAPDP were Staphylococcus epidermidis (50.00%), Staphylococcus capitis (13.33%), and Escherichia coli
(10.00%).

Among the pathogenic bacteria, the main drugs to which gram-negative cocci were sensitive were imipenem,
meropenem, piperacillin/tazobactam, cefoperazone/sulbactam, ceftazidime, and tigecycline. The main drugs to
which gram-positive cocci were sensitive were vancomycin, teicoplanin, and linezolid. The drug resistance rate
of pathogenic bacteria to penicillin G, ampicillin, compound trimethoprim, cefepime, ceftriaxone, and amoxi-
cillin-clavulanic acid drugs was 36.26-100%.

Conclusions: BMI, albumin, albumin/globulin ratio, C-reactive protein, and rapid transport are independent risk factors for
CAPDP. Gram-positive bacteria are the main pathogens of CAPDP and are sensitive to vancomycin, teicoplanin,
and linezolid.
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Background

Current research points out that continuous ambulatory peri-
toneal dialysis (CAPD) is one of the main alternative therapies
for patients with end-stage renal disease, which has proven to
be an important method for peritoneal dialysis (PD) [1-3]. CAPD
has obvious advantages in reducing the occurrence of peritoni-
tis, improving the adequacy of dialysis, protecting residual re-
nal function, and improving the quality of life of patients [2,3].

Peritoneal dialysis-associated peritonitis is an important com-
plication of PD that can cause nearly 20% of PD failures and
3.5-10.0% of patient deaths [4-7]. With the development of di-
alysis equipment, disinfection measures, and increased aware-
ness of aseptic practice, the infection rate of continuous am-
bulatory peritoneal dialysis-associated peritonitis (CAPDP)
patients has decreased significantly [4-7]. However, CAPDP is
still an independent risk factor that affects the efficacy and
mortality of CAPD patients [4-7]. CAPDP can lead to an in-
crease in hospitalization rate, loss of peritoneal function, and
decline of residual renal function, which seriously affects the
quality of life of patients [4-7]. CAPDP is also the direct and
main reason for patients to withdraw from PD treatment for
a short time or permanently [4-7]. Studies have shown that
for every 0.5 times/year increase in the incidence of CAPDP,
the risk of death increases by 4% to 11% [4-9]. At the same
time, in recent years, with the wide application of antibiot-
ics, antibiotic resistance in pathogens and, consequently, dif-
ficulty in clinical treatment of CAPDP have increased signifi-
cantly [8,9]. Systematic research on the risk factors for CAPDP,
along with the characteristics of the pathogenic bacteria seen
in CAPDP and their drug resistance, is of great significance for
preventing the occurrence of CAPDP and guiding clinical drug
use. Therefore, this retrospective study from a single center
in China aimed to study the factors associated with the devel-
opment of peritonitis and the causes of infection in patients
treated with CAPD between 2018 and 2021.

Material and Methods

Patient Selection and Clinical Data

A retrospective study design was conducted in the current
investigation. Sample size was calculated using the website
(http://powerandsamples ize.com/Calculators/) in line with
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROPE) statement for observational studies.
The parameter setting of the calculated sample size needed
to test the odds ratio was the following: power (1 -, 90%),
type I error (c, 0.05), and odds ratio (OR, 1.3). The sample siz-
es necessary for the main factor were 285. Clinical data from
248 patients who underwent CAPD in our hospital from March
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2018 to January 2021 were retrospectively collected for anal-
ysis. The patients were divided into the CAPDP group (n=40)
and the non-CAPDP group (n=208) according to whether peri-
toneal dialysis-associated peritonitis (PDAP) occurred. The in-
clusion criteria were as follows: 1) patients who were followed
up for CAPD; 2) patients who were older than 18 years old; 3)
patients who met the inclusion criteria for chronic renal fail-
ure [10]; 4) patients who met the indications for PD; 5) patients
who use CAPD for PD. Bearing in mind that the main purpose
of exclusion is to avoid factors that may cause bias and error
in the research results, the exclusion criteria included the fol-
lowing: 1) peritonitis caused by other diseases, such as gas-
trointestinal perforation; 2) patients who cannot cooperate
with follow-up and use of CAPD; 3) People with hematologi-
cal diseases prone to bleeding, such as leukemia, lymphoma,
hemophilia, aplastic anemia; 4) patients who have mental sys-
tem diseases and cannot complete CAPD. All procedures per-
formed in studies involving human participants were in accor-
dance with the ethical standards of the institutional and/or
national research committee and with the 1964 Declaration
of Helsinki and its later amendments or comparable ethical
standards. All patients voluntarily participated in this study
and signed an informed consent agreement. This study was
approved by the Committee of The Second Affiliated Hospital
of Chongging Medical University and was carried out in accor-
dance with the Declaration of Helsinki.

CAPDP Diagnostic Criteria and Efficacy Judgement

The diagnosis of CAPDP is based on the 2016 International
Society for Peritoneal Dialysis standards, and CAPDP was di-
agnosed if it met 2 of the following 3 criteria: 1) presence of
symptoms and signs of peritonitis, turbid dialysate, and/or
abdominal pain/fever; 2) white blood cell count in the ex-
udate >100x10¢/L and the proportion of neutrophils >50%;
and 3) positive culture of PD fluid [11]. Criteria for treatment
outcomes included: 1) cure: clinical symptoms are complete-
ly relieved, laboratory indicators return to normal, no need to
remove the PD catheter, no antibiotic treatment, and no re-
currence within 30 days; 2) recurrence: peritonitis that recurs
within 4 weeks after the peritonitis is cured, with the same
pathogenic bacteria, or peritonitis with a negative culture; 3)
withdrawal: the peritonitis leads to removal of the PD cath-
eter, transfer to hemodialysis, and cessation of treatment; 4)
death: the patient dies of active peritonitis or dies within 2
weeks of the onset of peritonitis [11,12].

Bacterial Culture, Identification and Drug Sensitivity
Testing Methods

All the peritoneal fluid samples were collected when patients
were admitted to the hospital and sent to the laboratory of the
hospital for routine examination and bacterial culture. Bacterial
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culture was performed with a Bact/ALERT3D360 automatic
culture instrument from the French Mérieux Company (Lyon,
France). The identification of positive specimens and drug sus-
ceptibility tests were completed by the VITEK 2 COMPACT au-
tomatic microbial identification system of the French Mérieux
Company (Lyon, France). The results were determined in accor-
dance with the American National Clinical Laboratory Standards.

Clinical Data Collection

The clinical data for the CAPDP and non-CAPDP groups were col-
lected for analysis immediately after admission. The parameters
that were compared and analyzed included sex, age, primary dis-
ease, education level, body mass index (BMI), catheterization time,
complications, routine blood tests, liver and kidney function, blood
glucose, blood lipids, electrolytes, transport type, pathogenic bac-
teria culture results, drug sensitivity test results, and prognosis.

Statistical Analysis

SPSS 20.0 software was used for statistical analysis of the data.
The Kolmogorov-Smirnov single sample test was used to calcu-
late the normal distribution of continuous variables before per-
forming further comparisons. Normally distributed measurement
data were expressed as the meantstandard deviation, and com-
parisons between groups were performed by t tests. Categorical
variables were described by frequency or rate (%), and com-
pared by chi-square test or Fisher test. Risk factor analysis was
performed using univariate and multivariable logistic regression
analysis-forward selection. Principal component analysis (PCA)
was used to distinguish CAPDP patients from non-CAPDP pa-
tients on the basis of their clinical characteristics. Statistical
modeling was done using random forest analysis. P<0.05 indi-
cates that the difference was statistically significant.

Results

Clinical Data and Outcome Analysis of Patients with
CAPDP

A total of 248 patients with CAPD were included in the current
study, including 40 patients in the CAPDP group and 208 pa-
tients in the non-CAPDP group. The incidence of CAPDP was
16.13%. In the CAPDP group, 35 patients (87.5%) with CAPDP
were able to continue on CAPD after treatment of the infec-
tion, and 5 (12.5%) patients withdrew from treatment due to
poor infection control. There was no death or recurrence. As
shown in Table 1, single factor analysis showed that there
were no significant differences in age, sex, education level,
diabetes, primary disease, alanine aminotransferase, aspar-
tate aminotransferase, alkaline phosphatase, total bilirubin,
direct bilirubin, uric acid, blood creatinine, urea, blood lipids,
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blood potassium, blood calcium, blood sodium, blood chlo-
rine, total bile acid, unconjugated bilirubin, white blood cell
count, red blood cell count, hemoglobin concentration, per-
centage of neutrophils, neutrophil count, lymphocyte percent-
age, or parathyroid hormone between the CAPDP group and
the non-CAPDP group (P>0.05). There were significant differ-
ences in BMI (19.74+2.22 vs 21.7942.96, P<0.001), albumin
(33.81+4.19 vs 37.89+5.02, P=0.008), albumin/globulin ratio
(1.4240.29 vs 1.79+0.74, P=0.012), platelet count (132.49+53.67
vs 170.75+69.90, P=0.031), C-reactive protein (13.01+8.82 vs
5.60+4.95, P<0.001), and rapid transport (32.50% vs 12.98%,
P=0.014) between the CAPDP group and the non-CAPDP group.

Logistic Regression Analysis of Risk Factors in Patients
with CAPDP

As shown in Table 2, both univariate and multivariate analy-
sis found that BMI, albumin, albumin/globulin ratio, C-reactive
protein, and rapid transport are independent risk factors for
CAPDP. Multivariate logistic regression analysis found that BMI
(B=-0.5919, OR=0.554, P=0.0095), albumin ($=-0.474, OR=0.985,
P=0.016), albumin/globulin ratio (f=-3.253, OR=0.874, P=0.018),
C-reactive protein (B=0.294, OR=1.342, P=0.0001), and rapid
transport (B=-2.134, OR=0.876, P=0.034) were independent
risk factors for CAPDP.

PCA and Random Forest Analysis of Risk Factors in
Patients with CAPDP

Except for logistical regression analysis, the unsupervised learn-
ing method of PCA was employed to distinguish CAPDP from
non-CAPDP patients. However, we could not find any effects
that were discernable with such methods (Figure 1). Random
forest, another frequently used classification algorithm, was
employed in the current data analysis. The classification ac-
curacy of the random forest method depends on user-defined
parameters N and m, where N=100 and m=3 are selected for
optimal CAPDP and non-CAPDP classification. The out-of-bag
estimate of error rate 0.34 was used to measure the variance
importance of patients who developed CAPDP. Mean decreased
accuracy and Gini’s test are shown in Figure 2A and 2B. The
most important source of variance for detecting patients who
developed CAPDP was C-reactive protein. The analysis revealed
that, at the optimal cut-off value of 1.5 for the random for-
est model, the sensitivity was 92.5% and the specificity was
98.3%, with an area under the curve (AUC) of 0.929 (95% con-
fidence interval, 0.857-1) (Figure 2C).

Analysis of Bacterial Distribution and Drug Resistance Rate
in Patients with CAPDP

As shown in Table 3, specimens from 40 patients with CAPDP
were submitted for examination, of which 30 specimens were
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Table 1. Comparative analysis of clinical data for patients with automated peritoneal dialysis-associated peritonitis.

Parameter PDAP group (n=40) Non-PDAP group (n=208) P value

Age (year) 47.05+10.25 51.34413.23 0.491
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Table 1 continued. Comparative analysis of clinical data for patients with automated peritoneal dialysis-associated peritonitis.

Parameter P value

PDAP group (n=40)

Non-PDAP group (n=208)

Serum sodium (mmol/L) 138.71+3.48 138.85+3.25 0.797
Serumchlorine mmot) 104208625 l0572:567 0128
Totalbileacd (umobt) 200157 2688261 0364
Cindirectbilirubin umolt) 648:196 6226230 0508
 White blood cell count (10°0) 8221554 64st254 008
Redblood cell count (10°) 2708053 2841063 0197
Hemoglobin concentration /) 768041895 828141735 0169
Platelet count i) 1324985367 1707546990  0031*
Percentage of neutrophils (%) 741151046 70771899 0127
Neutrophil count (10%) sases 4668234 0245
lymphocyte percentage 1597:821 18874706 0082
lymphocyte count 10°0) 1021048 1254169 0393
Parathyroid hormone (mmol) 52647434284 7281128862 0298
| Creactive protein (mg/) 13011882 5601495 o0
Erythrocyte sedimentation rate (mm/h) 308041427 256041678 0071
Totalurea clearance index 2175065 2315065 0193
""""""""""""""""""""""""""""""""""""""""""""""""" 13 @so%w) 27 (aos%)

Rapid peritoneal transport 0.014*

27  (67.50) 181  (87.02%)

PDAP — peritoneal dialysis-associated peritonitis; BMI — body mass index.

Table 2. Logistic regression analysis of risk factors in patients with continuous ambulatory peritoneal dialysis-associated peritonitis.

ivariate analysis

ivariate analysis
Variables

Rapid peritoneal transport 1.308~5.007

HR — hazard ratio; Cl — confidence interval; BMI — body mass index.

positive for infection (the positive rate was 75.00%). In the
present study, multiple infections and repeated infections
were not found. Twenty-one positive specimens (70.00%)
were infected with gram-positive bacteria, 8 positive speci-
mens (26.67%) were infected with gram-negative bacteria,
and 1 positive specimen (3.33%) was infected with a fun-
gus (Aspergillus). Among the positive strains, Staphylococcus
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epidermidis (50.00%), Staphylococcus capitis (13.33%), and
Escherichia coli (10.00%) were the main species. As shown in
Table 4, in the drug sensitivity analysis of pathogenic bacte-
ria, we found that the main drugs to which the gram-negative
bacteria were sensitive were imipenem, meropenem, piperacil-
lin/tazobactam, cefoperazone/sulbactam sodium, and ceftazi-
dime, and the main drugs to which the gram-positive bacteria
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were sensitive were vancomycin, teicoplanin, linezolid, and ti-

© Non-PADP
® PDAP

gecycline. In this study, patients with CAPDP showed strong
resistance to penicillin G, ampicillin, compound trimethoprim,
cefepime, ceftriaxone, amoxicillin-clavulanic acid, and other
drugs (the resistance rate was 36.26-100%).

Discussion

In this study, we found that the incidence of CAPDP was 16.13%.
Logistic regression analysis found that BMI, albumin, albumin/

PC1

globulin ratio, C-reactive protein, and rapid transport were in-
dependent risk factors for CAPDP. Gram-positive bacteria, espe-
cially S. epidermidis, are the main pathogens of CAPDP. Gram-

10

Figure 1. Principal component analysis (PCA) of clinical
characteristics between patients with peritoneal
dialysis-associated peritonitis (PDAP) and without

positive bacteria are sensitive to vancomycin, teicoplanin,
and linezolid. PDAP is a common serious complication of PD.
PDAP is a major cause of death (16% mortality) and termina-

PDAP. tion of PD and permanent conversion to hemodialysis [13-16].
A 20 - Mean decrease accuracy B 30 - Mean decrease Gini
15 4
20
10
10
5 4
0 - 0 -
C-reactive ~ BMI  Albumin/ Albumin  Rapid C-reactive ~ BMI  Albumin/ Albumin  Rapid
protein globulin peritoneal protein globulin peritoneal
ratio transport ratio transport
C mrty=1, ntree=100
087
2067
=
g
A 047
0.2 4~
1.0 0.8 0.6 0.4 0.2 0.0
Specifiicty

Figure 2. (A) Mean decrease in accuracy in predicting the occurrence of peritoneal dialysis-associated peritonitis (PDAP) when using
the random forest model. (B) Mean decrease in the Gini coefficient in predicting the occurrence of PDAP when using the
random forest model. (C) The results of the receiver operating characteristic curve (ROC) analysis, using random forest
prediction value to detect the occurrence of PDAP.
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Table 3. Bacteria culture and distribution of peritoneal fluid.

Positive rate and bacteria Percentage Positive rate and bacteria Percentage

Total positive rate

(75.00%)

CLINICAL RESEARCH

Staphylococcus capitis

(13.33%)

Escherichia coli 3/30 (10.00%)
Sematia liquefaciens - 230 667%)
Salmonella enteritidis 130 (33%)
 Streptococcus gordorii 130 (333%)
Streptococcus mitis 130 (333%)
 Staphylococcus ludunensis 130 (3%
Aspergilus 130 (33%)

Table 4. Analysis of drug susceptibility and drug resistance rate of common bacteria with positive peritoneal fluid (%).

Drug names

Escherichia

coli

Penicillin G

Tigecycline

Staphylococcus Staphylococcus Serratia
epidermidis capitis liquefaciens
100.00% 94.42% =
100.00% 74.56% =
87.82% 77.35% =
82.32% 81.42% 62.84%
80.32% 64.42% 78.84%
84.58% 79.56% 56.61%
71.52% 54.03% 61.28%
67.56% 76.16% 65.28%
78.06% 80.86% 70.67%
47.46% 36.26% 55.38%
32.77% 36.14% 33.47%
20.62% 23.62% 21.08%
30.70% 29.31% 28.75%
10.60% 4.65% 2.23%
6.25% 4.44% 4.44%
20.47% 19.27% 11.08%
0.00% 0.00% 0.00%
0.00% 0.00% 0.00%
0.00% 0.00% 0.00%
3.30% 0.00% 0.00%
0.00% 0.00% 0.00%
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Therefore, early detection of peritonitis and effective preven-
tion and treatment strategies are the keys to successful PD
treatment. Studies have shown that the incidence of peritoni-
tis in CAPD patients varies among different races, and the inci-
dence of PDAP in Asian races is approximately 17.67-47% [17].
In the present study, we found that the incidence of CAPDP
was 16.13%. The decrease in the incidence of CAPDP may be
due to the strengthening of regular follow-up and nursing fa-
cilities for patients in our clinic. In the present study, we found
that 87.5% of patients with CAPDP were cured after treatment
of the infection, 12.5% of patients withdrew, and no death or
recurrence occurred in patients.

Previous studies have shown that risk factors for peritonitis
associated with PD include hypoalbuminemia, nasal S. aure-
us carriers, diabetes, serum parathyroid hormone, high calci-
um, low phosphorus, and other factors [17-20]. In this study,
we found that education level, sex, age, kidney function, elec-
trolytes, total urea clearance index, primary disease, bilirubin,
erythrocyte sedimentation rate, white blood cell count, red
blood cell count, hemoglobin concentration, alkaline phos-
phatase, blood lipids, and other factors had no effect on the
incidence of CAPDP. In the present study, we found that BMI,
albumin, ratio of albumin to globulin, C-reactive protein, and
rapid transport were independent risk factors for CAPDP. BMI,
plasma albumin level, and albumin/globulin ratio are impor-
tant predictors of body condition and malnutrition [21]. Studies
have shown that the incidence of malnutrition in PD patients is
53.2%, and loss of appetite, insufficient energy intake caused
by digestive disorders, and protein loss during dialysis are im-
portant factors [21]. Studies have confirmed that hypoprotein-
emia is the main risk factor for peritonitis after CAPD [22,23].
In the present study, we found that the albumin level and al-
bumin/globulin ratio were significantly reduced in the CAPDP
group, and the albumin level and albumin/globulin ratio were
independent risk factors for CAPDP. PD patients have long-term
malnutrition, reduced immune function, increased susceptibil-
ity to pathogenic microorganisms, and increased incidence of
peritonitis. In addition, after the occurrence of peritonitis, due
to changes in the permeability of the peritoneal blood vessels,
macromolecular proteins are more likely to be lost from the
PD exchange fluid, which is likely to cause progressive malnu-
trition. Therefore, rationally adjusting the diet, increasing the
intake of protein and amino acids, and actively improving the
malnutrition status of CAPD patients may be of great signifi-
cance for alleviating and preventing the occurrence of CAPDP.
Troidle et al showed that the serum CRP level was significantly
increased within 48 h of the onset of peritonitis in CAPD pa-
tients, especially in patients with gram-negative bacilli perito-
nitis. Similar to the study by Hind et al, CRP levels in all CAPD
patients were significantly increased during peritonitis [24,25].
However, the increase in serum CRP level is not highly specif-
ic; it is reported to be only 55%. As a result, it cannot be used
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as a standard for the diagnosis of peritonitis, but the level and
duration of CRP increase are related to the severity and prog-
nosis of infection [26,27]. In the present study, we found that
CRP levels in PDAP patients caused by CAPD were significantly
increased. In logistic regression analysis, we found that a se-
rum CRP>10 mg/L was an independent risk factor for CAPDP.
Previous studies have suggested that diabetes is an indepen-
dent risk factor for PDAP [28]. However, in our study, we did not
find that diabetes was an independent risk factor for CAPDP.
Possible reasons for this result include race and having fewer
diabetic patients in the included population.

Pathogen detection is the key to guiding clinical PDAP treat-
ment, and the proportion of culture-negative peritonitis, ac-
cording to International Society for Peritoneal Dialysis (ISPD)
guidelines, should not exceed 20% [29]. In the present study,
the positive detection rate for pathogenic bacteria was 75.00%,
which is slightly lower than the recommendations in the ISPD
guidelines. In terms of the spectrum of pathogenic bacteria, this
study found that gram-positive bacteria accounted for 70.00%
of the CAPDP, gram-negative bacteria accounted for 26.67%
of the CAPDP, and fungi accounted for 3.33% of the CAPDP.
The most important pathogenic bacteria in this PD center are
gram-positive bacteria, and S. epidermidis is the main patho-
gen, accounting for 50.00% of the positive bacteria. These re-
sults are similar to those in previous literature reports [30-
32]. S. epidermidis is mostly related to skin contact and a lack
of strict aseptic operation. On the other hand, infection with
S. epidermidis, a member of the normal, healthy skin micro-
biota, may be related to the fact that PD patients are prone
to malnutrition and decreased resistance, allowing S. epider-
midis to act as an opportunistic pathogen [33]. Therefore, it
is important to urge CAPD patients to increase their aware-
ness of aseptic practice and strengthen their self-manage-
ment ability. At the same time, giving patients nutrition and
diet guidance has important clinical significance for prevent-
ing CAPDP. In recent years, with the application of antibiotics,
drug resistance in pathogenic bacteria has increased year by
year. ISPD recommends vancomycin or first-generation ceph-
alosporins to cover gram-positive bacteria and third-genera-
tion cephalosporins or aminoglycosides to cover gram-nega-
tive bacteria. At the same time, it is recommended that each
center select individualized antibacterial drugs based on the
antibiotic sensitivity of pathogens infecting recent peritonitis
patients [34, 35]. In the present study, we found that the re-
sistance rate of gram-positive bacteria to cefepime and pen-
icillin G in CAPDP patients was as high as 62.84-82.32%, but
no strains were found to be resistant to vancomycin, teico-
planin, or linezolid. For gram-negative bacteria, the rate of re-
sistance to ceftazidime reached 10.53-20.47%. In contrast, the
resistance rates to carbapenem antibiotics, such as meropen-
em and imipenem, were 6.74% and 2.23%, respectively. This
result is consistent with previous literature reports [34,35]. On
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the basis of the recommendations of the ISPD guidelines com-
bined with the results of the present study, we recommend
vancomycin combined with piperacillin/tazobactam as initial
treatment for CAPDP.

The present study has certain limitations. First, our study is a
retrospective study, and the study design has inherent limita-
tions and biases. Second, our study was a small-sample, sin-
gle-center study, and the research conclusions therefore have
limitations. Large-sample, multicenter studies are needed to
confirm our results. Third, due to differences in the underly-
ing disease, population, and living environment, the results
of our study are subject to inherent errors and biases. Fourth,
the observation time of our study was short, and long-term
studies with large samples are needed to further explore the
present findings. Fifth, our study has inherent limitations and
risks of bias in research design.
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Conclusions

The present study found that BMI, albumin, albumin/globulin
ratio, C-reactive protein, and rapid transport are independent
risk factors for CAPDP. Gram-positive bacteria are the main
pathogens seen in CAPDP and are sensitive to vancomycin,
teicoplanin, and linezolid.

Ethics Approval and Consent to Participate

This study was approved by the Committee of The Second
Affiliated Hospital of Chongging Medical University and was
carried out in accordance with the Declaration of Helsinki.

Declaration of Figures’ Authenticity

All figures submitted have been created by the authors who
confirm that the images are original with no duplication and
have not been previously published in whole or in part.

17. Liao CT, Zheng CM, Lin YC, et al. Aberrant serum parathyroid hormone, cal-
cium, and phosphorus as risk factors for peritonitis in peritoneal dialysis
patients. Sci Rep. 2021;11(1):1171

18. Ong LM, Ch’ng CC, Wee HC, et al. Risk of peritoneal dialysis-related perito-
nitis in a multi-racial Asian population. Perit Dial Int. 2017;37(1):35-43

19. Liakopoulos V, Nikitidou O, Kalathas T, et al. Peritoneal dialysis-related in-
fections recommendations: 2016 update. What is new? Int Urol Nephrol.
2017;49(12):2177-84

20. Kotsanas D, Polkinghorne KR, Korman TM, et al. Risk factors for peritoneal
dialysis-related peritonitis: Can we reduce the incidence and improve pa-
tient selection? Nephrology (Carlton). 2007;12(3):239-45

21. Cheng LT, Chen W, Tang W, et al. Does loss of residual renal function lead to
malnutrition in peritoneal dialysis patients? Clin Nephrol. 2006;66(3):192-201

22. Contreras-Velazquez JC, Soto V, Jaramillo-Rodriguez Y, et al. Clinical out-
comes and peritoneal histology in patients starting peritoneal dialysis
are related to diabetic status and serum albumin levels. Kidney Int Suppl.
2008;8(108):534-41

23. Wang X, Han Q, Wang T, et al. Serum albumin changes and mortality risk
of peritoneal dialysis patients. Int Urol Nephrol. 2020;52(3):565-71

24. Laura T, Alan K, Nancy GB, et al. Course of C-reactive protein during con-
tinuous peritoneal dialysis-associated peritonitis. Nephrology (Carlton).
2005;10(5):442-45

25. Hind CR, Thomson SP, Winearls CG, et al. Serum C-reactive protein concen-
tration in the management of infection in patients treated by continuous
ambulatory peritoneal dialysis. J Clin Pathol. 1985;38(4):459-63

26. Yilmaz FM, Yilmaz G, Akay H, et al. Evaluation of a card test for procalci-
tonin in continuous ambulatory peritoneal dialysis peritonitis. Ann Clin
Biochem. 2007;44(Pt 5):482-84

27. van Esch S, Krediet RT, Struijk DG. Prognostic factors for peritonitis out-
come. Contrib Nephrol. 2012;178:264-70

28. Coronel F, Cigarran S, Herrero JA, et al. Peritoneal protein losses in diabet-
ic patients starting peritoneal dialysis: Is there a relationship with diabet-
ic vascular lesions? Adv Perit Dial. 2009;25:115-18

29. Beth P, Judith Bi, Edwina B, et al. ISPD position statement on reducing the
risks of peritoneal dialysis-related infections. Perit Dial Int. 2011;31(6):614-30

30. Trinh E, Hanley JA, Nadeau-Fredette AC, et al. A comparison of technique
survival in Canadian peritoneal dialysis and home hemodialysis patients.
Nephrol Dial Transplant. 2019;34(11):1941-49

31. Alwakeel JS, Alsuwaida A, Akram A, et al. Outcome and complications in

peritoneal dialysis patients: A five-year single center experience. Saudi J
Kidney Dis Transpl. 2011;22(2):245-51

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€937112-9




CLINICAL RESEARCH

32.

33.

Coronel F, Cigarran S, Herrero JA. Morbidity and mortality in diabetic pa-
tients on peritoneal dialysis. Twenty-five years of experience at a single
centre. Nefrologia. 2010;30(6):626-32

Kussmann M, Schuster L, Zeitlinger M, et al. Influence of different perito-
neal dialysis fluids on the in vitro activity of fosfomycin against Escherichia
coli, Staphylococcus aureus, Staphylococcus epidermidis, and Pseudomonas
aeruginosa. Eur ) Clin Microbiol Infect Dis. 2018;37(6):1091-98

This work is licensed under Creative Common Attribution- €937112-10

NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Yin S. et al:
Continuous ambulatory peritoneal dialysis-associated peritonitis
© Med Sci Monit, 2022; 28: €937112

34. Ballinger AE, Palmer SC, Wiggins K, et al. Treatment for peritoneal dialysis-
associated peritonitis. Cochrane Database Syst Rev. 2014; 26(4):CD005284

35. Szeto CC, Li PK. Peritoneal dialysis-associated peritonitis. Clin J Am Soc
Nephrol. 2019;14(7):1100-5

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]



