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Objective: Peritonitis is a severe complication in peritoneal dialysis (PD). This study

was performed to identify predictors and establish a risk score for treatment failure in

peritonitis patients.

Methods: A single-center, retrospective observational study was conducted. The basic

demographic characteristics, clinical and laboratory data of all patients with peritonitis

during the study period were documented and analyzed. Multivariate logistic regression

was applied to examine independent predictors of treatment failure, and a risk prediction

score was established.

Results: Three hundred fourteen episodes experienced by 241 patients were included

in the final analysis. Logistic regression analysis indicated that PD duration (OR 1.017;

P 0.005), fibrinogen (OR 1.327; P 0.021), high-density lipoprotein (OR 0.443; P 0.032),

fungal infection (OR 63.413; P < 0.001), intestinal obstruction (OR 5.186, P 0.007), and

diabetes mellitus (OR 2.451; P 0.018), hemodialysis history (OR 2.804, P 0.006) were

independent predictors of treatment failure. The risk prediction score system showed a

good calibration (P > 0.05) and discrimination (AUROC 0.80, P < 0.001).

Conclusions: Fibrinogen, PD duration, fungal infection, hemodialysis history, concurrent

intestinal obstruction, or diabetes mellitus were independent risk factors for a poor

peritonitis outcome, while the high-density lipoprotein was a protective factor. This

novel risk prediction score system may be used to predict a high risk of treatment

failure effectively.

Keywords: predictors, treatment failure, catheter removal, risk score, peritoneal dialysis associated peritonitis

INTRODUCTION

Peritoneal dialysis (PD) is one of the main renal replacement treatments for patients with end-stage
renal diseases (ESRD), accounting for about 11% of global dialysis patients (1). It provides a
similar or better survival outcome vs, hemodialysis (HD) (2) and is more cost-effective. However,
this therapy utilization has decreased recently in some countries due to shortage of high-quality
evidence for prevention of peritonitis, poor control of dialysis center infections, and relatively high
technique failure rate (3, 4).
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PD-associated peritonitis (PDAP), as one of the most
severe complications contributing to substantial morbidity and
mortality of PD patients (5), was reported to be a significant
cause of technical failure in PD patients (6), responsible for
about 22% catheter removal, 18% transfer to HD, and 2–6%
death (7). Furthermore, ongoing PDAP and an inadequate
response to treatment can lead to extended hospitalization time,
increased health care costs and damage on peritoneal structure
and function (4, 8); once the treatment fails and the catheter
is removed, only a small part of patients resume PD therapy
(8). Despite the guidelines of PDAP, there are still considerably
baffling variations in treatment outcomes of peritonitis in many
centers and countries (4).

Recently the emphasis has also been put on improving
peritonitis outcome and lowering the incidence of peritonitis.
Early identification of risk factors predicting the poor outcome
helps guide early treatment strategies and ameliorate prognosis.
Although studies have reported the predictors of PDAP outcome
previously, plenty of conflicting results were presented. PD
duration (9), serum albumin (10), and concurrent DM (11)
were observed to have prognostic value for peritonitis outcome
in some studies, while some others thought these factors
could not predict the treatment outcome (12). Therefore,
further investigations are needed to explore these potential
predictive factors.

In this study, risk factors of treatment failure of PDAP
episodes were identified and turned into a novel risk score
system, which may help predict poor outcome of PDAP and
guide early interventions in these episodes.

MATERIALS AND METHODS

Study Population
The single-center, retrospective observational study was
carried out at the PD center of the West China Hospital,
Sichuan University. Data regarding all peritonitis episodes from
December 2014 to July 2018 were collected by reviewing case
records. All patients received continuous ambulatory peritoneal
dialysis (CAPD) using lactate-buffered glucose dialysis solution
through Tenckhoff PD catheters with a twin-bag connection
system (Baxter Healthcare, Guangzhou, China). The exclusion
criteria included (1) patients with a previous kidney transplant;
(2) episodes without bacterial cultures or missing data; (3)
patients have received PD treatment for <1 month. All PD
patients have accepted the established PD training curriculum
conducted by nursing staff with appropriate qualifications and
experience regularly. Patients were instructed to contact the
hospital upon the appearance of cloudy effluent or digestive tract
symptoms of unknown origin. When peritonitis was suspected,
dialysate was collected for cell count and classification, gram
staining and bacterial culture. Eight to ten milliliters of dialysate
effluent were collected at the bedside into 2 (aerobic and
anaerobic) blood-culture bottles, the culture would prolong to 5
days unless a positive signal was obtained within 48 h; another
about 50 milliliters dialysate were gathered in a sterile tube for
gram staining and blood agar culture after centrifugation of
3,500 rpm for 15min, the culture of agar plates will last for 3 days

under the aerobic and anaerobic circumstances unless organisms
are detected.

This study was approved by the Medical Ethics Committee
of West China Hospital of Sichuan University, Sichuan, China,
on January 13, 2019, and written informed consent was obtained
from each patient. This study was registered at the Thai Clinical
Trials Registry (http://www.clinicaltrials.in.th/index.php?tp=
regtrials&menu=trialsearch&smenu=fulltext&task=search&
task2=view1&id=3339).

Diagnosis
PDAP was diagnosed when at least two of the following
manifestations were met: (1) abdominal pain and/or cloudy
dialysate effluent; (2) dialysate effluent white cell count >100/ul
or >0.1 × 109/L with >50% polymorphonuclear cells, and
(3) positive dialysate culture (5). Intestinal obstruction was
considered if abdominal pain and/or distention, nausea/vomiting
or cease of exhaust and defecation occurred and if it was
combined with bowel dilation and extensive accumulation of gas
and liquid (Gas-fluid levels in radiology).

Treatment and Outcomes
The standard antibiotic protocol was used according to
ISPD guidelines (5). Generally, initial therapy for PDAP
should cover both gram-positive (G+) and gram-negative
(G−) organisms, including first-generation cephalosporin or
vancomycin combined with third-generation cephalosporin or
aminoglycoside, and the regimen was modified according to the
culture results and drug sensitivity.

Treatment success was defined as complete resolution of
peritonitis (WBC count of <100/ul in the dialysate effluent
with a relief of clinical manifestations) without the need for
catheter removal; treatment failure included catheter removal
or death. Catheter removal was considered in patients with
refractory peritonitis (failure of the PD effluent to clear up after
5 days of appropriate antibiotic treatment), refractory exit-site or
severe tunnel infection, or deterioration of the clinical condition
as judged by the physician. Peritonitis-associated death was
defined as death within 4 weeks of peritonitis, death with active
peritonitis, or any death during hospitalization for a peritonitis
episode (5).

Basic Demographic, Clinical and
Laboratory Data
Potential predictors were identified based on a comprehensive
literature review and clinical experiences of nephrologists. These
include basic demographic characteristics, such as gender, age,
comorbidities, Charlson comorbidity index (13), etiology of
ESRD, duration of PD, mean arterial pressure, history of
antibiotic usage and history of HD; laboratory data including
white blood cells (WBC), neutrophils, hemoglobin (Hb), serum
albumin, creatinine (Cr), uric acid (UA), high-density lipoprotein
(HDL) etc. that tested within 1 week of the diagnosis of peritonitis
and causative organisms.
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Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics for
Windows, Version 20.0 (IBM Corp, Armonk, NY, USA). All
data were expressed as mean ± standard deviation (SD) for
normally distributed data, median values with their interquartile
range for skewed data and numbers (n) with percentage (%) for
categorical variables. Data were analyzed by using the Chi-square
test or Fisher’s exact test for categorical variables, Student’s t-
test for normally distributed data and Wilcoxon rank sum test
for continuous skewed variables. Variables whose P < 0.1 in the
univariate analysis were selected for the final logistic regression
to examine the independent risk factors of treatment failure.
The stepwise procedure (forward: LR) was used to isolate the
predictors. Odds ratios and 95% confidence intervals (CI) were
calculated, and a two-tailed P < 0.05 was considered statistically
significant. Data with <10% missingness were supplemented by
the expectation-maximization (EM) method. Data with more
than 20% of the values missingness were excluded from the
final analysis.

A risk prediction score was converted for ease of application
in clinical practice; To develop a simple integer-based point
score for each variable, each β coefficient was divided by the
model’s minimum coefficient value and rounded up to the nearest
integer to assign a score (14). To identify the cutoff values and
evaluate the discrimination of the risk score, the area under the
receiver operating characteristics curve (AUROC) was measured.
Calibration was estimated by the Hosmer-Lemeshow goodness-
of- fit test (15). To address the robustness of the risk score system,
additional analysis was performed by excluding peritonitis
episodes with: (1) age>65; (2) albumin>38 g/L;(3) culture
negative; (4) intestinal obstruction; (5) subsequent peritonitis.

RESULTS

Peritonitis Characteristics
There were 359 PDAP episodes in 265 patients during the
study period. Twenty three episodes without bacteria culture, 21
episodes whose peritoneal dialysis duration was <1 month, one
peritonitis with renal transplantation history and four episodes
with missing data were excluded. Finally, a total of 314 episodes
experienced by 241 patients were included in the final analysis
(shown in Figure 1). The detailed data of patient baseline
demographic characteristics are listed in Table 1, and causative
PDAP organisms are listed in Table 2.

Clinical Features of PDAP Categorized by
Treatment Outcomes
Among the 314 PDAP episodes included in the current study,
treatment success was achieved in 249 (79.3%) episodes, and
the remaining 65 (20.7%) episodes (two deaths and 63 catheter
removals) resulted in treatment failure. Univariate analysis
showed that variables associated with treatment failure included
a higher level of peripheral WBC, neutrophils, TG, Fib, PT, and a
lower level of Alb, CHOL, HDL, LDL (P < 0.05). Furthermore,
patients with longer PD duration (P = 0.003), subsequent
peritonitis (P = 0.018), or complicated with DM (P = 0.04) or

intestinal obstruction (P = 0.002) were found to have a higher
risk of treatment failure.

Details of the organisms responsible for the 314 peritonitis
episodes are shown in Table 2. For causative organisms,
141 (44.9%) episodes were culture positive, of which 89
(28.3%) were due to G+ organisms, with Coagulase negative
staphylococcus being the most common organism (64%),
followed by Streptococcus mitis (12.4%) and Staphylococcus
aureus (10.11%). 37 (11.8%) episodes were due to G− organisms,
of which Escherichia coli (45.9%) was themost common, followed
by Pseudomonas aeruginosa (10.8%) and Corynebacterium spp
(8.1%); 4 (1.3); and 11 (3.5%) peritonitis episodes infected
multiple bacteria and fungus, respectively. The remaining 173
(55.1%) episodes are negative cultures.

To eliminate the interference of fungus for its high rate of
poor outcomes (5), fungal peritonitis was excluded when we
analyzed the effect of other bacteria on treatment outcome.
Culture-negative peritonitis was found to have a significantly
lower catheter removal rate than in culture-positive episodes
(p = 0.026). A significant difference was observed in the
percentages of G− bacteria between treatment failure and success
groups (P = 0.016), while the differences were not seen in
episodes caused by G+ bacteria. Among gram-positive and gram-
negative organisms, no single bacteria was found to have an
association with treatment failure.

The Predictors of Treatment Failure in
PDAP
Logistic regression suggested that HDL, Fibrinogen, PD duration,
fungal infection, intestinal obstruction, DM, HD history were
demonstrated to be independent predictors of treatment failure
in peritonitis (Table 3). Specifically, the odds of treatment
failure increased to 1.327 with every 1 g/L Fib increment
(P = 0.021), 5.186, 2.451 and 2.804 in patients with intestinal
obstruction (P = 0.007), DM (P = 0.018) and history of
HD (P = 0.006), respectively, compared to those without
these complications. In terms of the relationship between
PD duration and treatment outcomes, the distribution of
treatment outcomes of the 314 peritonitis episodes by dialysis
duration was shown in Figure 2. The proportion of catheter
removal or death rose over the PD time. In the regression
model, the risk of treatment failure increased to 1.017 with
every 1 month longer (95%CI 1.005 to 1.028; P = 0.005)
(Table 3).

Risk Score
Episodes of fungus peritonitis (n = 11) were excluded in the
final risk score system because of the high rate of catheter
removal and it is an indication of catheter removal in ISPD
guideline. Table 4 shows the β regression coefficient and the
risk score of each predictor, the total score ranges from 0
to 8 points. The expected probability of treatment failure
calibrated well with the observed probability (P > 0.05,
shown in Figure 3A); the area under the receiver operating
characteristic of the 303 episodes is 0.80 (95% CI 0.74–0.86,
P < 0.0001) (shown in Figure 3B), >0.7, showing a good
discrimination capability. The optimal cutoff value for risk
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FIGURE 1 | Flow chart for the study participants enrollment and outcomes.

score was 3.5 points (sensitivity 78%, specificity 71%, Youden’s
index 0.491), indicating that a patient with a score of 4 or
more had a high risk of treatment failure when experiencing a
PDAP episode.

Subgroup and Sensitivity Analysis
Supplementary Table 1 shows the characteristics of episodes
complicated with ileus, which revealed that patients with a higher
level of fibrinogen, neutrophils, and those infected by gram-
negative organisms, especially the E. coli., taking up 88.9%, had
a higher possibility of concurrent intestinal obstruction.

Logistic regression analysis was performed again after
exclusion of fungal peritonitis and subsequent peritonitis, the
results were comparable (Supplementary Table 2), indicating
the good robustness of these predictors.

For risk score system, stratification of age, albumin,
and exclusion of culture-negative, intestinal obstruction
did not change the prediction model performances,
the discrimination ranged from 0.74 to 0.80, and all
P-values of Hosmer-Lemeshow statistic were >0.05
(Supplementary Table 3), indicating the good robustness
of the risk score system.
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TABLE 1 | The Basic demographic and clinical characteristics, laboratory data by treatment outcomes.

Values Total episodes

(n = 314)

Success group

(n = 249)

Failure group

(n = 65)

P

Demographic and clinical characteristics

Male (n, %) 163 (51.9) 127 (51) 36 (55.4) NS

Age at the onset of PD (year) 47.64 ± 13.42 50.49 ± 13.63 51.58 ± 13.41 NS

Age at the peritonitis (year) 50.56 ± 13.51 50.37 ± 13.67 51.29 ± 12.99 NS

PD duration (month) 28 (11–59) 25 (9–54) 39 (17.5–67.5) 0.003

Mean arterial pressure (MAP, mmHg) 102.69 ± 18.48 102.24 ± 18.4 103.74 ± 19.38 NS

History of antibiotics usage 89 (28.3) 71 (28.5) 18 (27.7) NS

History of hemodialysis 57 (18.2) 40 (16.1) 17 (26.6%) 0.052

Etiology of ESRD

Chronic glomerulonephritis 179 (57) 145 (58.2) 34 (52.3) NS

Diabetic nephropathy 49 (15.6) 33 (13.3) 16 (24.6) 0.034

Immunologic nephropathy 15 (4.8) 12 (4.8) 3 (4.6) NS

Others 71 (22.6) 59 (23.7) 12 (18.5) NS

Comorbidities (n, %)

Hypertension 97 (30.9) 81 (32.5) 16 (24.6) NS

Diabetes mellitus 55 (17.5) 38 (15.3) 17 (26.2) 0.04

Infections in other sites 59 (18.8) 42 (16.9) 17 (26.2) NS

Intestinal obstruction 14 (4.5) 6 (2.4) 8 (12.3) 0.002a

Charlson comorbidity index 3 (2–5) 3 (2–5) 4 (2–5) NS

Laboratory data

White blood cell (WBC, 109/L) 6.88 (5.44–9.13) 6.75 (5.31–9.02) 7.58 (6.08–10.21) 0.034

Neutrophils (N, %) 0.77 (0.69–0.85) 0.76 (0.68–0.84) 0.8 (0.74–0.87) 0.005

Hemoglobin (Hb, g/L) 93.94 ± 19.63 95 ± 19.41 89.84 ± 20.11 NS

Albumin (Alb. g/L) 30.09 ± 6.02 30.62 ± 6.01 28.08 ± 5.63 0.002

Creatinine (Cr, umol/L) 778 (615.25–999.75) 773 (610–991) 823 (635.96–1056) NS

Uric acid (UA, umol/L) 354.6 (304.63–412.93) 356 (309–412.95) 343 (290.6–423) NS

Cholesterol (CHOL, mmol/L) 4.09 (3.48–4.81) 4.13 (3.55–4.92) 3.79 (3.33–4.42) 0.01

Triglyceride (TG, mmol/L) 1.33 (0.99–1.89) 1.3 (0.93–1.82) 1.49 (1.09–2.36) 0.024

High density lipoprotein (HDL, mmol/L) 1.15 ± 0.48 1.20 ± 0.49 0.95 ± 0.37 <0.001

Low density lipoprotein (LDL, mmol/L) 2.17 (1.67–2.85) 2.21 (1.75–2.89) 2.02 (1.43–2.38) 0.008

Fibrinogen (Fib, g/L) 5.25 ± 1.34 5.08 ± 1.30 5.89 ± 1.32 <0.001

Prothrombin time (PT, s) 12.22 (11.5–13) 12.2 (11.5–12.9) 12.52 (11.78–13.80) 0.021

Parathyroid hormone (PTH, pmol/L) 20.13 (9.64–39.52) 20.41 (10.6–40.23) 20.12 (6.96–36.30) NS

Initial peritonitis (n, %) 208 (66.2) 173 (69.5) 35 (53.8) 0.018

NS, not significant; ESRD, end stage of renal failure; eGFR, estimated glomerular filtrate rate; aFisher’s exact test.

DISCUSSION

In this retrospective study of 314 PDAP episodes in 3.6 years,

we found that high fibrinogen level, long PD duration, fungal

peritonitis, HD history, intestinal obstruction or DM were
independent predictors of a poor treatment outcome. In contrast,

HDL seemed to be a protective factor in these patients. To

facilitate the clinical application, we developed a novel risk score
system based on our findings and found that PDAP patients with
risk score of four or more were in high risk of treatment failure.
Sensitivity analysis indicated good robustness of these predictors
and a risk score system.

Our study provides new implications and directions in
predicting adverse outcomes in peritonitis; these novel predictors

may be incorporated into a large prediction model (15). All these
risk factors are easily obtained with low cost frommedical history
records and routine biochemical examination to be of practical
clinical value. According to the risk stratification, physicians
may estimate the severity of peritonitis early, and then give
the appropriate care and treatment strategy. For patients with
a score ≥4, more comprehensive testing and assessment, more
closely monitor, timely adjustments of antibiotics, and early
nephrology care as well as other expert health care services should
be considered.

The association of HD history and prognosis of peritonitis in
PD patients has has never been detected in previous researches.
Some patients in our center have HD history for some reasons;
some begin HD unaware of PD as a treatment choice for
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TABLE 2 | Causative organisms of the 314 peritonitis episodes.

Causative organisms Total episodes

(n = 314)

Success group

(n = 248)

Failure group

(n = 55)

P

Culture negative (n, %)a 173 (55.1) 149 (60.1) 24 (43.6) 0.026

Gram positivea (n, %) 89 (28.3) 72 (29) 17 (30.9) NS

Coagulase-negative staphylococcib 57 (64) 45 (62.5) 12 (70.6) NS

Streptococcus mitisb 11 (12.4) 11 (15.3) 0 (0) NS

Staphylococcus aureusb 9 (10.11) 6 (8.3) 3 (17.6) NSc

Enterococcus spp 6 (6.7) 5 (6.9) 1 (5.9) NSc

Othersb 6 (6.7) 5 (6.9) 1 (5.9) NSc

Gram-negative (n, %)a 37 (11.8) 25 (10.1) 12 (21.8) 0.016

Escherichia colib 17 (45.9) 10 (40) 7 (58.3) NS

Pseudomonas aeruginosab 4 (10.8) 2 (8) 2 (16.7) NSc

Corynebacterium sppb 3 (8.1) 3 (12) 0 (0) NSc

Klebsiella sppb 2 (5.4) 2 (8) 0 (0) NSc

Othersb 11 (29.7) 8 (32) 3 (27.3) NSc

Polymicrobiala 4 (1.3) 2 (0.8) 2 (3.6) NSc

Fungus 11 (3.5) 1 (0.4) 10 (15.4) <0.001c

Fungus peritonitis was excluded when analyzing the other bacterial organisms.
aThe number and percentage of causative organisms examined to all the episodes.
bThe number and percentage of specific organism to related causative organisms examined.
cFisher’s exact test.

TABLE 3 | Multivariate logistic regression model on prediction of the peritonitis

treatment failure.

Values P OR 95% CI

High density lipoprotein 0.032 0.443 0.211–0.993

Fibrinogen 0.021 1.327 1.043–1.687

PD duration/year 0.005 1.017 1.005–1.028

Intestinal obstruction 0.007 5.186 1.575–17.069

Diabetes mellitus 0.018 2.451 1.167–5.148

Fungal peritonitis <0.001 63.413 7.421–541.845

Hemodialysis history 0.006 2.804 1.342–5.860

OR, odds ratio; CI, confidence intervals.

ESRD, some transfer to PD under the consideration of the
financial situation, living condition or HD complications etc.
In the current study, the HD history is demonstrated to be
a marked predictor of technical failure in peritonitis episodes
(P = 0.006, 0R 2.804). No studies to date have assessed the
possible drivers, but a higher rate of technique failure is also
found in patients who transfer from HD to PD in several studies
(16, 17). These patients may have difficulties in adapting the
manual management of PD after getting used to HD; this may be
a contributor. Furthermore, psychosocial factors may also affect;
more psychosocial supports than other patients when starting
dialysis at home are needed, given that acute dialysis initiation
could raise feelings of anxiety and reduce the patient’s confidence
in home therapy (17).

Previously, albumin was detected to be a predictor of
treatment failure in PDAP (18), partly because of malnutrition;

the albumin level was associated with technique failure in the
univariate analysis in this study, but not a predictor in the
multivariate logistic regression analysis. Controversial results
have been reported about the effect of DM on PDAP outcome.
Some studies revealed that DM (9, 10) could not predict the
peritonitis outcome. However, Krishnan et al. (9) excluded
peritonitis with culture-negative infection, and the indication of
catheter loss in a study conducted by Yang CY was not clear
(10). In the present analysis, DM is recognized as a risk factor
of treatment failure of PDAP, similar to previous research (11).
It was reported that DM could impair peritoneal defense (19),
whichmay adversely affect the prognosis of PDAP; in addition, as
long-term exposure to glucose dialysate may cause dysfunction
of the peritoneum, which impairs the peritoneal immunologic
reactions against bacteria and increases the severity of peritonitis
(20); furthermore, some patients with DM are complicated with
diabetic retinopathy, PD needs to manage manually at home; this
probably results in operation errors, which may be a contributor

to technique failure. Longer PD duration was identified as a
predictor of worse clinical outcome of PDAP (P = 0.005), in line
with a previous study (9). Our results underscore the importance
of timely management and meticulous care of peritonitis in
patients with DM or long PD duration for favorable prognosis.

Notably, fibrinogen concentration was recognized as a

predictor of treatment failure in peritonitis patients in our
cohort. Although fibrin deposition may ameliorate systematic

inflammation by preventing bacterial spread (21), fibrin mesh
formed from extensive exudation and deposition of fibrin can
facilitate bacteria’s proliferation and prevent them from host
phagocytic cells attack and bactericidal effects of antibiotics (22,
23). Additionally, fibrin exudation and deposition may lead to
fibrous capsulation and paralytic intestinal obstruction (24), as
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FIGURE 2 | Distribution of treatment outcomes by peritoneal dialysis time.

our study observed, PDAP patients with intestinal obstruction
seemed to have increased Fib level (Supplementary Table 1);
Intestinal obstruction has been proved to be linked with
technical failure in fungal (25) and bacterial PDAP (26)
previously. Our results further confirmed these findings. For
one reason, ileus could result in bowel immobilization and
dysfunction of nutrients absorption; for another, ileus has a
higher possibility of infections with gram-negative organisms,
especially E. coli (Supplementary Table 1), which may lead to
more severe peritonitis compared to other organisms (27). The
exact mechanism needs to be studied further.

We also found that patients in the treatment failure group are
characterized as lower HDL concentrations. As far as we know,
this is the first study to reveal the effect of dyslipidemia on the
peritonitis treatment outcome. HDL can exert antioxidant and
anti-inflammatory activity by inhibiting oxidative stress and the
formation of pro-inflammatory oxidized lipids; meanwhile, HDL
can attenuate systematic inflammation by increased scavenging
of endotoxin (28), this anti-inflammatory and antioxidant effect
of HDL may play a crucially positive role in the prognosis of
peritonitis. Notably, HDL in ESRD patients has been reported
to have impaired antioxidant and anti-inflammatory effect and
has even a pro-oxidant and pro-inflammatory effect because

of functional and structural abnormalities (28, 29). Therefore,
worse outcomes in dialysis patients were reported to be associated
with HDL increment (30). There are many controversies, and
uncertainties in the relationship between lipid disorders and
peritoneal dialysis, the mechanisms of the effects of dyslipidemia
on the prognosis of peritonitis require further investigation.

This study has several limitations. Firstly, this is a
retrospective, single-center research, which may lead to
bias in our findings. Secondly, considering that the external
validation is not performed, the generalization of risk prediction
score was restricted. Also, negative culture rate (55.1%) is
high compared to the 15% rate suggested by the IPSD (5). It
might be due to the use of antibiotics before sample collection.
Many patients in our center live in villages or cities far away
from our hospital, antibiotics have been prescribed to them by
local doctors; furthermore, even though the culture protocol
conforms to the IPSD guideline recommendations (5), methods
that could improve the rate of culture-positive such as usage of
rapid blood-culture bottle kits or lysis centrifugation technique
should be considered. Nevertheless, the distribution of causative
organisms in our study is following previously reported studies,
and the empiric therapy has satisfactory outcomes with 80%
rate of treatment success; besides, our findings are independent
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TABLE 4 | ß coefficient and corresponding risk score developed from risk prediction model.

Risk factors Adjusted OR

(95% CI)

P-value ß-coefficients Transformed score Assigned score

HDL ≤ 1.5mmol/L

No 1.0 (Reference) - - 0 0

Yes 4.78 (1.35–16.97) 0.015 1.565 1.79 2

Fibrinogen ≥ 5.25 g/L

No 1.0 (Reference) - - 0 0

Yes 2.83 (1.39–5.79) 0.004 1.042 1.19 1

Diabetes mellitus

No 1.0 (Reference) - - 0 0

Yes 2.40 (1.13–5.12) 0.024 0.875 1 1

Intestinal obstruction

No 1.0 (Reference) - - 0 0

Yes 6.05 (1.76–20.74) 0.004 1.800 2.06 2

Hemodialysis history

No 1.0 (Reference) - - 0 0

Yes 2.88 (1.37–6.05) 0.005 1.057 1.21 1

PD duration ≥ 32 month

No 1.0 (Reference) - - 0 0

Yes 2.51 (1.23–5.14) 0.011 0.922 1.05 1

HDL, High density lipoprotein. Fungal peritonitis were excluded.

FIGURE 3 | Calibration curve for expected vs. observed probability in the overall cohort (A) and receiver operating curve of risk predicting model in PDAP episodes (B).

of the type of organisms, demonstrating that these findings
can apply to some PD cohorts elsewhere. Finally, all patients
in our study are Chinese and perform CAPD; the generalizing
these findings may be limited to Asian and PD patients with
CAPD modality. Even though all patients in our center take
CAPD for financial considerations rather than automated
peritoneal dialysis (APD), which is more commonly used
in developed countries, such as the US (31), no significant
differences are found in technique survival between CAPD
and APD as reported by a few large representative cohort
studies (31–34).

In conclusion, high Fib level, long PD duration, fungal
infection, HD history, concurrent intestinal obstruction or DM
were found to be independent predictors of treatment failure
of PDAP, while HDL seems to be a protective factor in patients
with peritonitis. A novel risk score system could be employed to
predict the risk of treatment failure of PDAP easily.
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