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Introduction 

The prevalence of kidney failure requiring replacement 

therapy is increasing due to an aging population and in-

crease in the incidence of diabetes and hypertension. The 

Background: The diagnosis of peritonitis among peritoneal dialysis (PD) patients is based on clinical presentation, dialysis effluent 
white blood cell (WBC) count, and dialysis effluent culture. Peritoneal fluid WBC count is very important in the initial diagnosis of peri-
tonitis. The purpose of this work was to determine the optimal number of peritoneal WBCs with different clinical presentations at ad-
mission to define PD-related peritonitis. 
Methods: Medical records of chronic PD patients who underwent work-up for suspected peritonitis between 2008 and 2019 were re-
viewed retrospectively. Results of all peritoneal WBC count tests during this period were collected. Clinical manifestations and fol-
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of 8.3 and 0.03, respectively. Peritoneal fluid polymorphonuclear count has lower discriminating ability for peritonitis compared to 
peritoneal fluid WBC count. 
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estimated number of patients needing renal replacement 

therapy by 2030 is to be between 4.9 and 9.7 million around 

the world [1]. Peritoneal dialysis (PD) is a commonly used 

treatment modality for kidney failure. PD-related perito-

nitis remains a major cause of technique failure as well as 
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mortality in maintenance PD patients [2,3]. According to 

the International Society for Peritoneal Dialysis (ISPD), 

peritonitis in PD patients can be diagnosed when at least 

two of the following are present: 1) clinical features consis-

tent with peritonitis, e.g., abdominal pain and/or cloudy 

dialysis effluent; 2) dialysis effluent WBC count of >100/

μL or >0.1 × 109/L (after a dwell time of at least 2 hours), 

with >50% polymorphonuclear leukocytes (PMNs); and 

3) positive dialysis effluent culture [4]. Dialysis effluent 

WBC count cutoff of 100/μL was determined in 3–4 de-

cades-old studies [5–8]. No study focusing on PD-related 

peritonitis diagnosis was performed in the last decades. 

In everyday practice, the clinical picture of peritonitis at 

presentation can be unclear. The severity and character of 

the associated abdominal pain are not specific and cannot 

be differentiated from those of other causes. Differential 

diagnosis of abdominal pain and other gastrointestinal 

symptoms includes such common diseases as urinary tract 

infection, gastroenteritis, and cholecystitis. Pancreatitis 

can cause cloudy peritoneal fluid with increased neutro-

phil count. There is also a variety of conditions causing 

cloudy dialysate without peritonitis [9]. In addition, pa-

tients undergoing automated PD (APD), compared with 

chronic ambulatory PD (CAPD), commonly present with 

no history of cloudy fluid [8]. Peritoneal fluid WBC count 

is very important in the diagnosis of peritonitis since peri-

toneal microbial culture results are not available at patient 

presentation. From our clinical experience, the great ma-

jority of PD-related peritonitis cases presented with much 

higher peritoneal WBC count than recommended by ISPD 

[4]. Misdiagnosis of the true source of infection, especially 

when assessed by less experienced medical staff and emer-

gency department personal can result in false diagnosis of 

peritonitis and lack of necessary investigation for alterna-

tive diagnoses. When mistakenly diagnosed with peritoni-

tis, patients receive improper or unnecessary antibiotics, 

and further investigation, for example, imaging such as ul-

trasonography or computed tomography, for an alternative 

diagnosis is delayed. 

The purpose of this work was to determine the optimal 

number of peritoneal fluid WBCs at different clinical pre-

sentations at admission to define PD-related peritonitis. 

Methods 

Medical records of patients on chronic PD who underwent 

work-up for suspected peritonitis between 2008 and 2019 

were reviewed retrospectively. Results of all peritoneal 

WBC count tests at presentation during this period of time 

were collected. Clinical status of each peritoneal fluid sam-

ple was analyzed at presentation and further follow-up, 

including bacteriological culture, antibiotics treatment, 

and laboratory tests (WBC count and culture of peritoneal 

fluid). Demographic data, cause of kidney disease, and PD 

modality were gathered. 

Primary renal disease diagnosis was determined and 

recorded by an unbiased nephrologist. Concise criteria 

of major etiologies include: diabetic kidney disease diag-

nosis was based on long standing diabetes mellitus with 

albuminuria progressing to proteinuria, and progressive 

decline of kidney function, without significant hematuria 

or abnormalities on imaging, and after ruling out other eti-

ologies through serologic testing. In cases where kidney bi-

opsy was performed, the diagnosis of diabetic nephropathy 

was based on the consensus Renal Pathology Society crite-

ria [10]. Patients with symptomatic congestive heart failure 

and renal failure having urine protein of <0.5 g/24 hours, 

normal urine microscopy and normal kidneys per sonog-

raphy were classified as having cardiorenal syndrome. 

Chronic glomerulonephritis diagnosis was based on course 

of disease, previous urine sediments, and serology testing, 

usually accompanied by a diagnostic biopsy. Hypertensive 

nephrosclerosis was diagnosed in patients with kidney 

dysfunction, proteinuria, small kidneys on imaging, and 

after ruling out other etiologies based on urine sediment 

and serology testing. In cases where kidney biopsy was per-

formed, the diagnosis of hypertensive nephrosclerosis was 

based on clinicopathologic criteria which include clinical 

hypertension associated with the histopathologic findings 

of vascular wall medial thickening, intimal fibrosis, arteri-

olar hyalinosis, and glomerular ischemic changes of capil-

lary wall wrinkling [11]. 

The laboratory parameters collected during peritonitis 

investigation were peritoneal WBC count, peritoneal PMN 

percentage, blood WBC count, blood PMN percentage, and 

serum C-reactive protein (CRP) level. Information con-

cerning antibiotics treatment and peritonitis course was 

also collected.
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The final diagnosis of peritonitis was made when perito-

neal culture results were available, usually 2 to 3 days after 

the first presentation, when at least two of the following 

were present: 1) clinical features consistent with peritonitis, 

i.e., abdominal pain and/or cloudy dialysis effluent; 2) di-

alysis effluent WBC of >100/μL after a dwell time of at least 

2 hours; and 3) positive dialysis effluent culture [4]. Clinical 

features leading to the peritoneal fluid WBC examination 

were 1) abdominal pain; 2) cloudy dialysate; 3) fever or 

increased serum CRP; 4) exit site infection; 5) difficulties 

with peritoneal catheter flow; 6) gastrointestinal symptoms 

other than abdominal pain, such as diarrhea, vomiting, or 

nausea; 7) other symptoms. “Other symptoms” included 

complaints of weakness, chest pain, general deterioration, 

dyspnea, confusion, unexplained weight loss, drowsiness, 

hypotension, and syncope. 

An exit-site infection was defined by the presence of 

purulent drainage, with or without erythema of the skin 

around the catheter. Relapsing peritonitis was defined as 

an episode with the same organism that occurred within 4 

weeks of completion of therapy for a prior episode or one 

sterile episode.  

The initial empirical antibiotic treatment included intra-

peritoneal vancomycin or cefamezin (based on severity of 

clinical presentation and previous microbiological results 

if available) with ceftazidime. After the culture results were 

available, antibiotic treatment was changed accordingly. 

Statistical analysis 

Categorical variables were described as frequency and per-

centage. Continuous variables were evaluated for normal 

distribution using histogram and Q-Q plot. These results 

were reported as mean and standard deviation if they were 

normally distributed or as median and interquartile range 

(IQR) if they were skewed. A generalized estimating equa-

tion using a binary logistic model was used to study the 

association between each predictor and peritonitis. Con-

tinuous variables that were extremely skewed were natural 

logarithm transformed before regression. The area under 

the receiver operating characteristic (ROC) curve was used 

to evaluate the discrimination ability. A chi-square auto-

matic interaction detector (CHAID) was applied to identify 

threshold values [12]. CHAID is a classification method 

for building decision trees using chi-square statistics to 

identify optimal splits [13]. The method first examines the 

cross-tabulations between each of the input fields and 

the outcome and tests for significance using a chi-square 

independence test. If more than one of these relations is 

statistically significant, CHAID will select the input field 

that is the most significant. If an input has more than two 

categories, these are compared, and categories that show 

no differences in outcome are combined by successively 

joining the pair of categories showing the smallest signifi-

cant difference. This category-merging process stops when 

all remaining categories differ at the specified testing level. 

For nominal input fields, any categories can be merged; 

for an ordinal set, only contiguous categories can be 

merged [13]. The following variables were included in the 

CHAID analysis: age at first dialysis; sex; etiology of renal 

disease; underlying diabetes mellitus; dialysis mode; clin-

ical presentation including abdominal pain, cloudy fluid, 

inflammatory marker, or fever; exit site infection; catheter 

occlusion or sterility disruption; other gastrointestinal 

symptoms; and other symptoms, PD WBC, PD PMN, blood 

WBC, blood PMN, and CRP. 

Maximum tree depth was organized into three levels, 

with the minimum number of required cases in parent and 

child nodes set as 100 and 50, respectively. 

All statistical tests were two-sided, and p < 0.05 was con-

sidered statistically significant. Statistical analysis was per-

formed with IBM SPSS version 24 (IBM Corp). 

Table 1. Baseline parameters of peritoneal dialysis patients pre-
senting with suspected peritonitis
Variable Data
No. of patients 147
Age (yr) 65 (27–92)
Sex, female:male 35/112
Renal disease
 Cardiorenal 41 (27.9)
 Diabetic nephropathy 41 (27.9)
 Nephrosclerosis 11 (7.5)
 Glomerulonephritis 35 (23.8)
 Others 19 (12.9)
Prevalent diabetes mellitus 72 (49.0)
Peritoneal dialysis modality (APD) 63 (42.9)

Data are expressed as number only, value (range), or number (%).
APD, automated peritoneal dialysis.
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Compliance with ethical standards 

All procedures performed in studies involving human par-

ticipants were in accordance with the ethical standards of 

the Institutional Review Board of Sheba Medical Center 

(No. 6479-19-SMC) and with the 1964 Helsinki declaration 

and its later amendments or comparable ethical standards. 

For this type of study, informed consent is not required. 

Results 

Patient baseline characteristics 

A total of 176 chronic PD patients were treated in our unit 

between 2008 and 2019. Of them, 29 were never investigat-

Table 2. Peritoneal culture results of peritonitis cases in peritone-
al dialysis patients (n = 165)
Organism identified No. of patients (%)
Coagulase-negative Staphylococcus 38 (23.0)
Staphylococcus aureus 26 (15.8)
Streptococcus sp. 13 (7.9)
Enterococcus 13 (7.9)
Escherichia coli 12 (7.3)
Pseudomonas sp. 10 (6.1)
Klebsiella sp. 8 (4.8)
Enterobacter 5 (3.0)
Diphtheroids 5 (3.0)
Listeria 3 (1.8)
Fungi 3 (1.8)
Mycobacterium 3 (1.8)
Others 7 (4.2)
Culture negative 18 (10.9)

Table 3. Probability of peritonitis in peritoneal dialysis patients according to clinical and laboratory parameters (n = 753)

Variable
Peritonitis

p-value
No (n = 588) Yes (n = 165)

Age (yr) 65.6 ± 11.3 64.7 ± 12.1 0.63
Sex 0.81
 Male 451 (78.4) 124 (21.6)
 Female 137 (77.0) 41 (23.0)
Etiology of renal disease 0.34
 Diabetic nephropathy 190 (78.5) 52 (21.5)
 Chronic glomerulonephritis 130 (77.8) 37 (22.2)
 Cardiorenal syndrome 126 (84.0) 24 (16.0)
 Nephrosclerosis 65 (73.0) 24 (27.0)
 Other 77 (73.3) 28 (26.7)
Diabetes mellitus 299 (78.9) 80 (21.1) 0.56
Dialysis mode 0.30
 CAPD 259 (80.4) 63 (19.6)
 APD 329 (76.3) 102 (23.7)
Abdominal pain 93 (48.2) 100 (51.8) <0.001
Cloudy fluid 26 (28.6) 65 (71.4) <0.001
Fever/inflammation 126 (77.3) 37 (22.7) 0.59
Exit site infection 21 (91.3) 2 (8.7) 0.14
Catheter occlusion 22 (84.6) 4 (15.4) 0.57
Gastrointestinal symptoms 72 (72) 28 (28) 0.13
Other symptoms 341 (93.9) 22 (6.1) <0.001
Peritoneal WBC (cells/μL) 138.7 ± 79.3 2,651.1 ± 3,285.5 <0.001
Peritoneal PMN (%) 34.8 ± 15.2 64.6 ± 23.3 <0.001
Blood WBC (cells/μL) 10,070.1 ± 5,037.9 11,685.7 ± 6,173.2 0.005
Blood PMN (%) 77.0 ± 9.6 82.0 ± 10.4 <0.001
C-reactive protein (mg/L) 75.0 ± 147.7 141.1 ± 128.9 <0.001

Data are expressed as number (%) or mean ± standard deviation.
APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis; PMN, polymorphonuclear leukocytes; WBC, white blood cells.
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ed for peritonitis and were excluded from analysis. In the 

remaining 147 patients, 753 cases of suspected peritonitis 

were analyzed. The baseline characteristics of the patients 

are shown in Table 1. The median age of patients was 65 

years (range, 27–92 years), and 76.2% were males. Diabet-

ic nephropathy and cardiorenal syndrome were the most 

frequent causes of renal failure, at 27.9% each. Glomerulo-

nephritis was the cause of renal failure in 23.8% of patients, 

nephrosclerosis in 7.5%, and other diseases in 12.9% of cas-

es. Underlying diabetes mellitus was found in 49.0% of pa-

tients, and 42.9% of patients were on APD. Microbiological 

culture results of peritoneal culture are presented in Table 2. 

Peritoneal WBC count was measured in asymptomatic pa-

tients: the median peritoneal WBC count was 80 cells/mm3 

(range, 20–160 cells/mm3), with a PMN cell percentage of 

28.6% (range, 6.7%–52.1%). 

Correlations with peritonitis diagnosis 

The association of several clinical and laboratory param-

Figure 1. Receiver operating characteristics curve of peritone-
al fluid WBCs and peritoneal fluid PMN for diagnosis of peri-
tonitis. The area under the curve for peritoneal fluid WBCs for 
predicting peritonitis was 0.989 (range, 0.979–0.998), and that 
for peritoneal fluid PMN was 0.842 (range, 0.803–0.881).
PD, peritoneal dialysis; PMN, polymorphonuclear leukocytes; 
WBC, white blood cells.
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eters with confirmed diagnosis of peritonitis was evalu-

ated. In univariate analysis, abdominal pain and cloudy 

dialysate were positively correlated with peritonitis, while 

“other symptoms” correlated negatively (Table 3). Labora-

tory parameters of peritoneal fluid WBC count, peritoneal 

fluid PMN cell count, blood WBC count, blood PMN cell 

count, and CRP were positively correlated with peritonitis  

(Table 3). 

Peritonitis diagnosis based on peritoneal white blood cell 
count 

The ROC curves of peritoneal fluid WBCs and peritoneal 

fluid PMN percentage were used for diagnosis of peritoni-

tis (Fig. 1). The area under the curve (AUC) for peritoneal 

fluid WBCs for predicting peritonitis was 0.989 (range, 

0.979–0.998), indicating good discrimination ability of the 

biomarker. The AUC for peritoneal fluid PMN for predicting 

peritonitis was 0.842 (range, 0.803–0.881), a lower discrim-

ination ability for peritonitis compared to peritoneal fluid 

WBCs. The AUC for peritoneal fluid WBC combined with 

Figure 2. The chi-square automatic interaction detector model of decision tree to identify peritoneal dialysis-related peritonitis.
WBC, white blood cells.
aPeritoneal WBC adjusted p-value <0.001, chi-square = 649.810, degree of freedom (df) = 2. bClinical presentation of inflammatory 
markers or fever, adjusted p-value = 0.009, chi-square = 6.772, df = 1. cClinical presentation of abdominal pain, adjusted p-value = 0.03, 
chi-square = 5.048, df = 1.

75 patients (10%)
 • Peritonitis: 13 (17.3%)
 • No peritonitis: 62 (82.7%)

527 patients (70%)
 • Peritonitis: 4 (0.8%)
 • No peritonitis: 523 (99.2%)

413 patients (54.8%)
 • Peritonitis: 1 (0.2%)
 • No peritonitis: 412 (99.8%)

114 patients (15.1%)
 • Peritonitis: 3 (2.6%)
 • No peritonitis: 111 (97.4%)

57 patients (7.6%)
 • Peritonitis: 54 (94.7%)
 • No peritonitis: 57 (7.6%)

94 patients (12.5%)
 • Peritonitis: 94 (100%)
 • No peritonitis: 0 (0%)

155 patients (20.1%)
 • Peritonitis: 148 (98.0%)
 • No peritonitis: 3 (2.0%)

YesYes NoNo

Inflammatory stateb Abdominal painc

230.0–440.0 >440.0≤230.0

 Peritoneal WBCa (cells/µL)

Total of 753 patients
 • Peritonitis: 165 (21.9%)
 • No peritonitis: 588 (78.1%)

peritoneal fluid PMN was 0.992, indicating that peritoneal 

fluid PMN did not improve significantly the discrimination 

ability of peritoneal fluid WBC count alone. 

In order to identify accurate threshold levels of peritone-

al fluid WBC count for diagnosis of peritonitis, sensitivity, 

specificity, positive and negative predictive values, and 

positive and negative likelihood ratios of different peritone-

al fluid WBC count values were analyzed (Table 4). While 

the sensitivity of peritoneal fluid WBC count of 100 cells/μL 

was 100%, specificity was only 35%. Increasing peritoneal 

fluid WBC count cutoff to 150, 200, and 250/μL produces a 

sensitivity around 98% and gradually increased specificity 

(Table 4). 

The CHAID model was used for identification of peri-

tonitis based on peritoneal fluid WBC count and clinical 

findings. According to the CHAID model, peritoneal fluid 

WBC count above 440 cells/μL was the best discriminator 

for peritonitis diagnosis (Fig. 2). Among those with peri-

toneal fluid WBC count above 440/μL, the next discrimi-

nator was abdominal pain at presentation. Patients on PD 

presenting with abdominal pain and peritoneal fluid WBC 
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count above 440/μL had 100% probability of having perito-

nitis. The CHAID model identified peritoneal WBC count 

less than 230 cells/μL as the best discriminator to rule out 

peritonitis. After this peritoneal fluid WBC count, the next 

discriminator was absence of inflammatory markers (fever 

or increased serum CRP level). Patients on PD without fe-

ver or elevated serum CRP level and with peritoneal fluid 

WBC count less than 230 cells/μL had 99.8% probability of 

not having peritonitis. Based on the above two analyses, 

a threshold of peritoneal WBC count of 230 cells/μL will 

provide a better specificity for diagnosis of peritonitis com-

pared to a cutoff of 100 cells/μL without compromising 

the sensitivity of the test. We also assessed the peritonitis 

rate in cases with low WBC count (WBC < 230 cells/μL) 

and high PMN count (PMN ≥ 50%). Of the 78 such patients 

identified, none had peritonitis. 

Peritoneal white blood cell count and severity of peritonitis 

The annual peritonitis rate in our unit was 0.29 cases per 

year. In 44 episodes of peritonitis (26.7%), patients were 

hospitalized. Peritoneal WBC count at presentation was 

significantly higher in episodes of peritonitis when patients 

were hospitalized compared to episodes treated ambula-

torily. Median peritoneal WBC count was 2,325 cells/μL 

(range, 290–17,860 cells/μL) in episodes requiring hospi-

talization versus 1,270 cells/μL (range, 120–17,110 cells/μL) 

in episodes treated ambulatorily (p = 0.02). In 13 peritonitis 

episodes (7.9%), the Tenckhoff catheter was removed due 

to partial response to treatment or to subsequent develop-

ment of fungal infection. There was no difference in perito-

neal WBC count at presentation between peritonitis cases 

that responded to treatment and those who eventually 

needed Tenckfoff catheter removal—1,450 cells/μL (range,  

120–17,860 cells/μL) and 1,610 cells/μL (range, 400–10,470 

cells/μL), respectively (p = 0.40). In 17 episodes of peri-

tonitis (10.3%), patients experienced relapse after initial 

improvement. There was no difference in peritoneal WBC 

count at presentation between peritonitis cases with and 

without relapse—1,950 cells/μL (range, 450–17,110 cells/

μL) and 1,360 cells/μL (range, 120–17,860 cells/μL) cells, 

respectively (p = 0.29).  

Peritoneal white blood cell count below 230 cells/μL 

In only four episodes of established peritonitis in our study, 

patients presented with peritoneal WBC count above the 

cutoff suggested by the ISPD of 100 cells/μL but below our 

proposed cutoff level of 230 cells/μL. One of these four 

patients presented with the classical clinical symptom of 

peritonitis; abdominal pain. The three others presented 

with fever only or with fever and additional abdominal 

symptoms. In two of the patients, peritoneal WBC count 

increased later during follow-up. Peritoneal fluid culture 

returned positive several days after the initial presentation 

in all four patients. Because of their nonspecific presen-

tation, patients did not receive intraperitoneal antibiotics 

immediately, but all eventually were treated with oral or 

intravenous antibiotics. Outcome was not compromised 

in any of these patients. One of these four patients (25.0%) 

with peritoneal WBC count below 230 cells/μL had classical 

presentation of abdominal pain, 126 patients (78.3%) with 

peritoneal WBC count above 230 cells/μL from the whole 

studied group had abdominal pain and/or cloudy perito-

neal fluid (p = 0.04), typical presentation of peritonitis. 

High peritoneal white blood cell count without peritonitis 

In 57 cases, peritoneal WBC count was above 230 cells/μL 

(our suggested cutoff ), but peritonitis was not diagnosed 

according to criteria and further follow-up. The medi-

an peritoneal WBC count in those cases was 290 cell/μL 

(range, 240– 510 cells/μL). These cases were divided into 

groups based on final diagnosis: 40.4% had sepsis from 

origin other than peritonitis; 24.6% underwent WBC count 

for a peritonitis episode during follow-up, usually 2 weeks 

after antibiotic course completion; 12.3% presented with 

gastrointestinal symptoms such as diarrhea or vomiting 

and were suspected to have gastroenteritis; 10.5% were 

new PD patients not undergoing regular exchange; 8.8% 

were patients with history of ascites or peritoneal catheter 

occlusion; and 3.4% presented with unexplained transient 

episode of cloudy peritoneal fluid. 

Validation study 

Validation of our results was performed on a more recent 
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cohort of PD patients treated in our unit between 2020 and 

2021. There were 116 cases of suspected peritonitis in 45 

patients during this period. The median age of patients 

was 72 years (range, 29–92 years), and 64.4% were males. 

Diabetic nephropathy was the most frequent cause of renal 

failure, found in 44.4% of patients. Glomerulonephritis was 

a cause of renal failure in 24.4%, nephrosclerosis in 13.4%, 

cardiorenal syndrome in 4.4%, and other diseases in 13.4% 

of cases. Diabetes mellitus was found in 60.0% of patients, 

and 42.2% of patients were on APD. Using the peritoneal 

WBC cutoff of 230 cells/μL, peritonitis was excluded with 

100% sensitivity and 97.9% specificity. The positive predic-

tive value of this cutoff was 91.3%, negative predictive value 

was 100%, positive likelihood ratio was 47.5, and negative 

likelihood ratio was 0.024. 

Discussion 

Bacterial peritonitis is the most common complication 

of PD and is associated with significant morbidity, cath-

eter loss, transfer to hemodialysis, transient loss of ultra-

filtration, possible permanent membrane damage, and 

occasional death [14–16]. Treatment delay causes patient 

discomfort, peritoneal membrane damage, and catheter 

failure and contributes to mortality. However, unnecessary 

treatment should be avoided as it is costly and can lead to 

antimicrobial resistance, evolutionary selection of patho-

genic organisms such as Clostridioides (formerly Clostridi-

um) difficile, and drug toxicity [17]. Diagnosis of peritonitis 

is based on clinical presentation, dialysis effluent WBC 

count, and dialysis effluent culture [4]. However, at presen-

tation, patient treatment can be started based only on clin-

ical features and peritoneal fluid WBC count. 

Cellular content of ascitic fluid has been used as an indi-

cator of peritonitis since 1940 [18] when it was shown that 

nontuberculous peritonitis was associated with an ascites 

WBC count of ≥1,000/μL and a preponderance of PMN 

leukocytes. Tenckhoff [19] and Hurley et al. [20] used dial-

ysate cell count and turbidity to diagnose PD-associated 

peritonitis, demonstrating that dialysate cell count above 

500 WBC/μL is frequent in bacterial peritonitis. Hurley et 

al. [20] showed that peritoneal PMN leukocytosis accom-

panied peritonitis, while uninfected patients continued to 

have a predominance of macrophages in their peritoneal 

fluid. Rubin et al. [21] found that uninfected CAPD patients 

had dialysate WBC count less than 50/μL, while infected 

patients had PMN pleocytosis. Williams et al. [5] found that 

peritoneal WBC count ranged from 0 to 50 cells/mm3 in 38 

control patients on CAPD without peritonitis, and the ma-

jority of the cells were mononuclear with a mean cell count 

of 11.6/mm3. At peritonitis presentation in 24 patients, 

the mean cell count was 2,585/mm3, with a range of 600 

to 9,600/mm3. Their work [5] and the work of Rubin et al. 

[21] concluded that dialysate cell counts in asymptomatic 

patients are in the range of 501 cells/mm3. In a study by 

Tranaeus et al. [6], the median value for all episodes was 

1,032 cells/μL, with a median of 537 cells/μL in asymptom-

atic cases; 1,580 cells/μL in mild clinical cases; 1,470 cells/

μL in moderately severe cases; and 1,110 cells/μL in severe 

clinical peritonitis. Flanigan et al. [8] measured peritoneal 

effluent cell count in 28 uninfected CAPD patients on 137 

separate occasions. The cell count was 13 ± 2 cells/μL, with 

a range from 0 to 191 WBC/μL. The percentage of PMN 

cells was 11.97 ± 2.23. Uninfected patients based on APD 

systems had a WBC count of 72 ± 16/μL (range, 0–700/μL). 

In CAPD patients with peritonitis, peritoneal cell count was 

2,311 ± 645 cells/μL, with 85.5% PMN; in APD patients with 

peritonitis, the count was 2,112 ± 761 cells/μL, with 84.8% 

PMN. In CAPD patients with peritonitis, WBC count gen-

erally exceeded 100/mm3 during infection, and PMN cells 

accounted for ~50% of the leukocytes [8]. 

While the average value of peritoneal WBC count for 

peritonitis diagnosis was high, mostly above 1,000 cells/μL 

[5–8], the minimum cutoff of 100 cells/μL was determined 

since peritoneal WBC count during peritonitis usually 

exceeded this value [8]. During the last two decades, the 

incidence of peritonitis declined substantially, particularly 

episodes caused by gram-positive organisms [22,23], due 

to the introduction of Y-set and double-bag disconnect sys-

tems. The introduction of “biocompatible” solutions with 

normal pH could improve peritoneal leukocyte function 

and further reduce peritonitis rate [24]. Moreover, patients 

tend to be more aware of the importance of early arrival 

with suspected peritonitis than in the past, and peritoni-

tis diagnostic techniques have improved. Therefore, new 

updated studies regarding peritonitis diagnostics in PD 

patients are needed. 

We demonstrated that peritoneal WBC count cutoff level 

higher than that recommended by the ISPD could improve 

the specificity of the test without compromising its sensi-
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tivity. Peritoneal fluid WBC count below 230/μL effectively 

ruled out peritonitis given that inflammatory markers were 

not elevated. This peritoneal fluid WBC cutoff below 230/

μL effectively ruled out peritonitis in a more recent PD pa-

tient validation group. 

We found that severe peritonitis as defined by patient 

hospitalization was associated with significantly higher 

peritoneal WBC count. A count of 290 WBC/μL was the 

lowest limit demonstrated in peritonitis cases that required 

hospitalization. Two other potential features of severe peri-

tonitis, need for catheter removal and peritonitis relapse, 

were not associated with higher peritoneal WBC count. 

These outcomes are probably more significantly related to 

the type of microbial pathogens, such as Candida albicans 

or Pseudomonas aeruginosa, rather than to the severity of 

inflammation, as represented by initial WBC count [25]. For 

example, it was demonstrated that Corynebacterium peri-

tonitis often resulted in relapse or repeat episodes, catheter 

removal, permanent hemodialysis transfer, and death [26]. 

In addition, Pseudomonas peritonitis is associated with 

high rates of hospitalization, catheter removal, and perma-

nent hemodialysis transfer [27,28].  

Our patients with less than 230 cells/μL in peritoneal 

fluid who later were diagnosed as having peritonitis based 

on ISPD criteria and culture results did not have a classical 

presentation of PD-related peritonitis and were initially 

treated according to clinical judgment. In those cases, out-

come was not compromised even though intraperitoneal 

antibiotics administration was delayed. It seems that there 

is a correlation between severity of peritonitis and perito-

neal fluid WBC count. Patients with low peritoneal fluid 

WBC count at presentation have less severe peritonitis.  

Peritoneal PMN cell count was not more sensitive than 

peritoneal WBC in peritonitis diagnosis in our work. Peri-

toneal cell differential could be influenced by many factors. 

Resident peritoneal macrophages can multiply when dwell 

times are prolonged, while rapid exchanges and protracted 

handling result in decreased dialysate cell counts through 

dilution and clotting [5]. The number of leucocytes in the 

dialysate is influenced by the duration of dwell time [8], dif-

ferences in dwell time from preceding measurements, and 

differences in the intensity of the inflammatory response 

between episodes. It is possible that a repeat peritoneal flu-

id cell count and differential after several hours from initial 

presentation could show higher peritoneal PMN percent-

age. 

Our study demonstrates that it might be safe to increase 

the currently recommended peritoneal fluid WBC count 

cutoff of 100/μL for peritonitis diagnosis in PD-treated pa-

tients. This could decrease the possibility of unnecessary 

antibiotic treatment and allow a timely search for an alter-

native diagnosis, such as other intraabdominal pathologies. 

In this setting, clinical judgment is essential. In unclear 

cases, where peritoneal fluid WBC count is only slightly 

elevated, a repeat peritoneal fluid cell count and differen-

tial after several hours of observation can be beneficial. In 

many cases of peritonitis, the dialysate becomes cloudy on 

subsequent exchanges. In such cases, the patient should 

be closely monitored and antibiotics should be started if 

signs, symptoms, and repeat cell count are consistent with 

peritonitis. 

Limitations of the study include a single-center perfor-

mance and retrospective design. In addition, increasing 

peritoneal fluid WBC count above the currently recom-

mended value as a diagnostic criterion for peritonitis could 

put the patient at risk of late diagnosis and delayed treat-

ment. In this regard, in unclear cases, a repeat peritoneal 

fluid cell count and differential after several hours of ob-

servation can be beneficial. If this is not possible, antibiotic 

treatment should be administered immediately. Prospec-

tive studies should be performed to confirm our findings. 

To conclude, it seems that the currently recommended 

cutoff peritoneal fluid WBC count for peritonitis diagnosis 

in PD patients can be safely increased provided close fol-

low-up and clinical judgment. 

Conflicts of interest 

All authors have no conflicts of interest to declare. 

Data sharing statement 

The data presented in this study are available on request 

from the corresponding author. 

Authors’ contributions 

Conceptualization, Formal analysis: MK 

Investigation: MK, NAA 

Supervision: PB 

Kunin, et al. Peritoneal WBC count in PD-related peritonitis

135www.krcp-ksn.org



Validation: SM, NAA 

Writing–original draft: MK 

Writing–review & editing: SM, PB  

All authors read and approved the final manuscript.  

ORCID 

Margarita Kunin, https://orcid.org/0000-0003-4889-0420 

Sharon Mini, https://orcid.org/0000-0001-7597-8474

Nabil Abu-Amer, https://orcid.org/0000-0001-5113-9449 

Pazit Beckerman, https://orcid.org/0000-0003-3061-6757

References 

1. Liyanage T, Ninomiya T, Jha V, et al. Worldwide access to treat-

ment for end-stage kidney disease: a systematic review. Lancet 

2015;385:1975–1982. 

2. Brown MC, Simpson K, Kerssens JJ, Mactier RA; Scottish Renal 

Registry. Peritoneal dialysis-associated peritonitis rates and out-

comes in a national cohort are not improving in the post-millen-

nium (2000-2007). Perit Dial Int 2011;31:639–650. 

3. Perl J, Wald R, Bargman JM, et al. Changes in patient and tech-

nique survival over time among incident peritoneal dialysis 

patients in Canada. Clin J Am Soc Nephrol 2012;7:1145–1154. 

4. Li PK, Szeto CC, Piraino B, et al. ISPD peritonitis recommenda-

tions: 2016 update on prevention and treatment. Perit Dial Int 

2016;36:481–508. 

5. Williams P, Pantalony D, Vas SI, Khanna R, Oreopoulos DG. The 

value of dialysate cell count in the diagnosis of peritonitis in pa-

tients on continuous ambulatory peritoneal dialysis. Perit Dial 

Int 1980;1:59–63. 

6. Tranaeus A, Heimbürger O, Lindholm B. Peritonitis in con-

tinuous ambulatory peritoneal dialysis (CAPD): diagnostic 

findings, therapeutic outcome and complications. Perit Dial Int 

1989;9:179–190. 

7. Pierratos A. Peritoneal dialysis glossary. Perit Dial Int 1984;4:2–3. 

8. Flanigan MJ, Freeman RM, Lim VS. Cellular response to peri-

tonitis among peritoneal dialysis patients. Am J Kidney Dis 

1985;6:420–424. 

9. de Freitas DG, Gokal R. Sterile peritonitis in the peritoneal dialy-

sis patient. Perit Dial Int 2005;25:146–151. 

10. Tervaert TW, Mooyaart AL, Amann K, et al. Pathologic classifica-

tion of diabetic nephropathy. J Am Soc Nephrol 2010;21:556-563. 

11. Marcantoni C, Fogo AB. A perspective on arterionephroscle-

rosis: from pathology to potential pathogenesis. J Nephrol 

2007;20:518-524.

12. Kass GV. An exploratory technique for investigating large quanti-

ties of categorical data. J R Stat Soc Ser C Appl Stat 1980;29:119–

127. 

13. Herrera Lara S, Fernández-Fabrellas E, Juan Samper G, et al. 

Predicting malignant and paramalignant pleural effusions by 

combining clinical, radiological and pleural fluid analytical pa-

rameters. Lung 2017;195:653–660. 

14. Sipahioglu MH, Aybal A, Unal A, Tokgoz B, Oymak O, Utas C. 

Patient and technique survival and factors affecting mortality 

on peritoneal dialysis in Turkey: 12 years’ experience in a single 

center. Perit Dial Int 2008;28:238–245. 

15. Woodrow G, Turney JH, Brownjohn AM. Technique failure in 

peritoneal dialysis and its impact on patient survival. Perit Dial 

Int 1997;17:360–364. 

16. Pérez Fontan M, Rodríguez-Carmona A, García-Naveiro R, Ro-

sales M, Villaverde P, Valdés F. Peritonitis-related mortality in 

patients undergoing chronic peritoneal dialysis. Perit Dial Int 

2005;25:274–284. 

17. Tamma PD, Avdic E, Li DX, Dzintars K, Cosgrove SE. Association 

of adverse events with antibiotic use in hospitalized patients. 

JAMA Intern Med 2017;177:1308–1315. 

18. Paddock FK. The diagnostic significance of serous fluids in dis-

ease. N Engl J Med 1940;223:1010–1015. 

19. Tenckhoff H. Chronic peritoneal dialysis: a manual for patients, 

dialysis personnel and physicians. Divisions of Kidney Diseases, 

University of Washington School of Medicine; 1974. p. 82–83. 

20. Hurley RM, Muogbo D, Wilson GW, AIi MAM. Peritoneal ef-

fluent cellularity predictor of bacterial peritonitis. Kidney Int 

1975;8:427. 

21. Rubin J, Rogers WA, Taylor HM, et al. Peritonitis during continu-

ous ambulatory peritoneal dialysis. Ann Intern Med 1980;92:7–

13. 

22. Monteón F, Correa-Rotter R, Paniagua R, et al. Prevention of 

peritonitis with disconnect systems in CAPD: a randomized 

controlled trial. The Mexican Nephrology Collaborative Study 

Group. Kidney Int 1998;54:2123–2128. 

23. Li PK, Law MC, Chow KM, et al. Comparison of clinical outcome 

and ease of handling in two double-bag systems in continuous 

ambulatory peritoneal dialysis: a prospective, randomized, con-

trolled, multicenter study. Am J Kidney Dis 2002;40:373–380. 

24. Cho Y, Johnson DW, Craig JC, Strippoli GF, Badve SV, Wiggins KJ. 

Biocompatible dialysis fluids for peritoneal dialysis. Cochrane 

Database Syst Rev 2014;3:CD007554. 

25. Li PK, Szeto CC, Piraino B, et al. Peritoneal dialysis-related in-

136 www.krcp-ksn.org

Kidney Res Clin Pract 2023;42(1):127-137

https://doi.org/10.1016/s0140-6736(14)61601-9
https://doi.org/10.1016/s0140-6736(14)61601-9
https://doi.org/10.1016/s0140-6736(14)61601-9
https://doi.org/10.3747/pdi.2010.00185
https://doi.org/10.3747/pdi.2010.00185
https://doi.org/10.3747/pdi.2010.00185
https://doi.org/10.2215/cjn.01480212
https://doi.org/10.2215/cjn.01480212
https://doi.org/10.2215/cjn.01480212
https://doi.org/10.3747/pdi.2016.00078
https://doi.org/10.3747/pdi.2016.00078
https://doi.org/10.1177/089686088000100506
https://doi.org/10.1177/089686088000100506
https://doi.org/10.1177/089686088000100506
https://doi.org/10.1177/089686088000100506
https://doi.org/10.1177/089686088900900308
https://doi.org/10.1177/089686088900900308
https://doi.org/10.1177/089686088900900308
https://doi.org/10.1177/089686088900900308
https://doi.org/10.1177/089686088400400102
https://doi.org/10.1016/s0272-6386(85)80105-0
https://doi.org/10.1016/s0272-6386(85)80105-0
https://doi.org/10.1016/s0272-6386(85)80105-0
https://doi.org/10.1177/089686080502500207
https://doi.org/10.1177/089686080502500207
https://doi.org/10.1681/asn.2010010010
https://doi.org/10.1681/asn.2010010010
http://www.ncbi.nlm.nih.gov/pubmed/17918136
http://www.ncbi.nlm.nih.gov/pubmed/17918136
http://www.ncbi.nlm.nih.gov/pubmed/17918136
https://doi.org/10.2307/2986296
https://doi.org/10.2307/2986296
https://doi.org/10.2307/2986296
https://doi.org/10.1007/s00408-017-0032-3
https://doi.org/10.1177/089686080802800309
https://doi.org/10.1177/089686080802800309
https://doi.org/10.1177/089686080802800309
https://doi.org/10.1177/089686080802800309
https://doi.org/10.1177/089686089701700411
https://doi.org/10.1177/089686089701700411
https://doi.org/10.1177/089686089701700411
https://doi.org/10.1177/089686080502500311
https://doi.org/10.1001/jamainternmed.2017.1938
https://doi.org/10.1001/jamainternmed.2017.1938
https://doi.org/10.1001/jamainternmed.2017.1938
https://doi.org/10.1056/nejm194012192232503
https://doi.org/10.1056/nejm194012192232503
https://doi.org/10.7326/0003-4819-92-1-7
https://doi.org/10.7326/0003-4819-92-1-7
https://doi.org/10.7326/0003-4819-92-1-7
https://doi.org/10.1046/j.1523-1755.1998.00190.x
https://doi.org/10.1046/j.1523-1755.1998.00190.x
https://doi.org/10.1046/j.1523-1755.1998.00190.x
https://doi.org/10.1046/j.1523-1755.1998.00190.x
https://doi.org/10.1053/ajkd.2002.34522
https://doi.org/10.1053/ajkd.2002.34522
https://doi.org/10.1053/ajkd.2002.34522
https://doi.org/10.1053/ajkd.2002.34522
https://doi.org/10.1002/14651858.cd007554.pub2
https://doi.org/10.1002/14651858.cd007554.pub2
https://doi.org/10.1002/14651858.cd007554.pub2
https://doi.org/10.3747/pdi.2010.00049


fections recommendations: 2010 update. Perit Dial Int 2010;30: 

393–423. 

26. Barraclough K, Hawley CM, McDonald SP, et al. Corynebac-

terium peritonitis in Australian peritoneal dialysis patients: 

predictors, treatment and outcomes in 82 cases. Nephrol Dial 

Transplant 2009;24:3834–3839. 

27. Szeto CC, Chow KM, Leung CB, et al. Clinical course of peritoni-

tis due to Pseudomonas species complicating peritoneal dialy-

sis: a review of 104 cases. Kidney Int 2001;59:2309–2315. 

28. Siva B, Hawley CM, McDonald SP, et al. Pseudomonas peritonitis 

in Australia: predictors, treatment, and outcomes in 191 cases. 

Clin J Am Soc Nephrol 2009;4:957–964.  

Kunin, et al. Peritoneal WBC count in PD-related peritonitis

137www.krcp-ksn.org

https://doi.org/10.3747/pdi.2010.00049
https://doi.org/10.3747/pdi.2010.00049
https://doi.org/10.1093/ndt/gfp322
https://doi.org/10.1093/ndt/gfp322
https://doi.org/10.1093/ndt/gfp322
https://doi.org/10.1093/ndt/gfp322
https://doi.org/10.1046/j.1523-1755.2001.00748.x
https://doi.org/10.1046/j.1523-1755.2001.00748.x
https://doi.org/10.1046/j.1523-1755.2001.00748.x
https://doi.org/10.2215/cjn.00010109
https://doi.org/10.2215/cjn.00010109
https://doi.org/10.2215/cjn.00010109

	Introduction
	Methods
	Statistical analysis 
	Compliance with ethical standards 

	Results
	Patient baseline characteristics 
	Correlations with peritonitis diagnosis 
	Peritonitis diagnosis based on peritoneal white blood cell count 
	Peritoneal white blood cell count and severity of peritonitis 
	Peritoneal white blood cell count below 230 cells/μL 
	High peritoneal white blood cell count without peritonitis 
	Validation study 

	Discussion
	Conflicts of interest 
	Data sharing statement 
	Authors’ contributions 
	ORCID
	References

