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AbSTRACT

Despite advances in treatment and prevention, peritonitis remains a major problem 
in peritoneal dialysis (PD) patients with often technique failure as a consequence. 
The last decades the focus of PD peritonitis has changed from lowering peritonitis 
incidence to improvement of peritonitis outcome. Prognostic factors for peritonitis 
outcome can influence decision making during the treatment of peritonitis, for 
example to take out the peritoneal dialysis catheter early in the time course of 
peritonitis and prevent further damage to the peritoneal membrane. 
 In this paper we give a review of the literature about prognostic factors for 
peritonitis outcome. In most studies, age, gender, diabetes, time on PD, a precursor 
of calcitonin: procalcitonin, IL-6 and albumin did not show a significant effect on 
peritonitis outcome. The following factors have been associated with poor outcome 
of peritonitis: Gram-negative organisms, Mycobacterium species, fungal peritonitis, 
polymicrobial peritonitis, concurrent exit-site- or tunnel infection, Caucasian race, 
low residual GFR, persistently elevated peritoneal dialysate white cell count, CRP, and 
low levels of sICAM-1 and hyaluronan at the end of peritonitis treatment. In fungal 
peritonitis, abdominal pain, bowel obstruction, the catheter remaining in situ and 
Candida parapsilosis are factors associated with higher mortality rate and a greater 
risk of technique failure. Recent antibiotic therapy and peritonitis are associated 
with poor treatment response in culture-negative peritonitis. Recurrent peritonitis 
episodes have a poor therapeutic response and high mortality and have a worse 
prognosis than relapsing ones. Older age, long PD duration and continuous elevated 
serum CRP levels are predictors of adverse outcomes in PD patients after peritonitis-
related catheter removal.
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INTRODuCTION

Peritonitis remains a serious complication of peritoneal dialysis (PD) with marked 
morbidity. It is a common cause of technique failure. The rate of PD related peritonitis 
has decreased over the last decades due to advances in treatment and prevention. 
Nowadays, the focus moved from lowering peritonitis incidence towards improving 
peritonitis outcome. It is useful to have prognostic factors for peritonitis outcome, 
because they can influence decision-making during the treatment of peritonitis, 
for example to take out the peritoneal dialysis catheter early in the time-course 
of peritonitis and prevent further damage to the peritoneal membrane. In the 
last decades, many publications appeared about prognostic factors for peritonitis 
outcome. This article summarizes those prognostic factors, based on an extensive 
review of the literature. 

Age at onset of peritonitis and age at start of PD

The influence of age as a prognostic factor for outcome of peritonitis is controversial. 
In many studies age at the onset of peritonitis did not have an independent effect 
on outcome nor did patient age at the start of PD (1-3). However, one study showed 
that older PD patients experienced a higher risk of severe peritonitis and peritonitis-
related mortality (4).

Gender

Several studies did not find an effect of gender on peritonitis outcome (1;2;5).

Race

In Caucasians peritonitis more often leads to hospital admission and more often 
results in death than in Blacks and this effect was age independent (5). This is 
consistent with other data demonstrating a significant difference in the rate of 
treatment failure: in Blacks 11.1%, versus 22.5% in Caucasians (1). 

Diabetes, history of steroid use, previous renal transplantation, malignancy

Because these factors interfere with the host immune defenses, it seems apparent 
that they adversely affect outcome. It is not clear if diabetes has a negative impact on 
peritonitis outcome: in the literature conflicting results are reported. For example, 
patients with treatment failure of peritonitis were more likely to have diabetes in 
the study of Chow et al. (6), but others could not identify diabetes as a predictor of 
outcome (1;4;5). Several studies could not find an impact of history of steroid use, 
previous renal transplantation or malignancy on peritonitis outcome (1;4). 
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Residual renal function

Perez et al. (4) were the first to demonstrate that baseline GFR has a specific and 
consistent inverse correlation with the later incidence of peritonitis and peritonitis-
related mortality. They postulate that PD patients with good residual renal function 
need a lower number of bag exchanges which may reduce the chances for 
contamination and infection. In addition, residual renal function may predict the risk 
of peritonitis by performing as a marker of poor condition of PD patients, because 
low or absent GFR can point to late referral or secondary selection of PD, after 
chronic hemodialysis, which is associated with inadequacy of dialysis, malnutrition, 
inflammation and volume overload.

Time on PD

Conflicting results are reported in the literature. One study found that a longer 
PD duration had a significant negative effect on outcome; patients who had been 
on PD for more than 2.4 years had a 24.4% rate of treatment failure of peritonitis, 
compared to 16.5% for patients less than 2.4 years on PD (1). In contrast, Troitle 
et al. (7) found just the opposite: patients on PD for more than 37 months had a 
better outcome than those on PD for 12 months or less, but the groups differed in 
race and comorbidity, in favor of the group on PD for longer than 37 months. Yang 
et al. (3) found duration of PD only of borderline significance. Others reported that 
PD duration was not predictive of outcome, including mortality, and that time on PD 
was not related with the length of hospital stay (8;9). The authors of the first paper 
postulate that PD duration is of importance for outcome of peritonitis, because the 
peritoneal membrane characteristics and peritoneal macrophages change over time 
in PD which may contribute to decreased peritoneal host defense (1). 

Number of peritonitis episodes previously experienced

Some studies found that the number of peritonitis episodes a patient experienced, 
had no influence on the outcome of the present peritonitis (1), others found that 
the incidence of peritonitis was a strong independent predictor of peritonitis-related 
mortality (4).

Concurrent exit-site infection

Concurrent exit-site infection or tunnel infection has been shown to have an adverse 
outcome (3;5). However, in one study the presence of a purulent exit-site was 
associated with a significantly higher rate of treatment failure of peritonitis (35.2% 
versus 18.3%, p = 0.004), but in a regression analysis it did not independently effect 
outcome (1). 
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PD fluid cell count

In several studies peritoneal dialysate white cell count (PDE WBC) is found to have 
prognostic meaning in outcome of peritonitis. For PDE WBC ≥ 1090/mm3 on day 3, 
the sensitivity was 75% and the specificity was 74% for the prediction of treatment 
failure, defined as catheter loss or peritonitis-related death. In a multiple logistic 
regression analysis, peritoneal white cell count of ≥ 1090/mm3 on day 3, was an 
independent risk factor for prediction of treatment failure after adjustment for 
conventional risk factors; a more than nine-fold increased risk existed for catheter 
loss and death. Peritoneal white cell count > 100/mm3 for more than 5 days was 
associated with treatment failure (OR 7.38; 95% CI 3.38-16.1; p < 0.0001) (6). 
Similar findings are obtained by others (1;10). In a study of Martikainen et al. (11) 
dialysate leucocytes > 500/mm3 on day 4 indicated poor outcome. Others looked at 
the influence of peritoneal cell count at admission to the hospital: it was positively 
correlated with the length of hospital stay. If it took more than 24 hours from the 
onset of symptoms to hospital admission, PD effluent leucocyte percentage was 
higher and PD effluent lymphomononuclear cell percentage was lower, which was 
associated with a longer length of hospital stay (8).

Growth factors, cytokines, adhesion molecules, inflammatory markers 

Procalcitonin, one of the calcitonin precursors, has been suggested as a marker for 
infection and low-grade inflammation. However, in a prospective study on PD patients 
that developed peritonitis, procalcitonin failed to predict outcome of peritonitis (12). 
 IL-6 is known to stimulate adhesion molecules like intercellular adhesion 
molecule 1 (ICAM-1). ICAM-1 plays an important role in the inflammatory response 
and host defense. It stimulates hyaluronan (HA) which is an important component 
of the extracellular matrix. In 36 patients with peritonitis the above mentioned 
parameters were measured, at the onset, on day 4, at the end of treatment and 2 
months after onset of peritonitis. Concentrations of sICAM-1 in patients completing 
the antibiotic therapy were higher at the onset and on day 4 of peritonitis than at the 
end of the treatment with antibiotics. Concentrations of sICAM-1 at the end of the 
treatment with antibiotics in patients with a relapse/re-infection were significantly 
lower than in patients with no relapse/re-infection. The same findings were found 
for HA. The authors hypothesize that lower levels of sICAM-1 and HA at the end of 
treatment in patients with a relapse/re-infection may be a sign of reduced immune 
defense of the peritoneum which may be due to destruction of peritoneal cells 
during a severe episode of peritonitis or a reduced immune defense capacity of the 
peritoneal membrane. Or it may be that during severe infections activated leukocytes 
bind more ICAM-1 which in turn binds HA. For IL-6, the highest concentrations were 
seen at onset and on day 4 of peritonitis in patients completing the treatment with 
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antibiotics. IL-6 failed to differentiate between a good or poor outcome of peritonitis 
(11). 
 There are conflicting results for CRP as a marker of peritonitis outcome. 
In one study the mortality rate was significantly higher in patients with CRP > 3.0 
mg/l than in patients with CRP < 3.0 mg/l on day 42 after the onset of peritonitis 
(12). In a prospective cohort study of PD patients with an incident peritonitis, higher 
baseline levels of CRP were associated with an increased risk of short-term adverse 
outcomes, including death, switch to hemodialysis, persistent infection and relapse 
of peritonitis. After recovering of peritonitis, higher CRP levels were associated with 
an increased risk of long-term events: a second peritonitis or death (9). Elsurer et 
al. (8) found that CRP was independently associated with the length of hospital stay 
because of peritonitis. Some researchers found a relationship between CRP > 100 
mg/l on day 4 of peritonitis and poor outcome (11). However, others were not able 
to find a relationship between CRP and outcome (3).
 Several studies showed that a low albumin level is associated with 
technique failure and death (3). The suggested reasons for this relationship are: 
the fact that albumin is an inverse acute phase reactant, low albumin, and possibly 
hypoglobulinemia, predisposes to recurrent infections (13), and low albumin may 
reflect the underlying problem of malnutrition (14). On the other hand, some 
investigators did not find a relationship between low albumin and peritonitis outcome 
(1). 

Causative organism

Peritonitis caused by Gram-negative organisms has a worse outcome than peritonitis 
due to Gram-positive organisms. Krishnan et al. (1) reported about 399 episodes of 
bacterial peritonitis between 1996 and 2000. They found a resolution rate for single 
Gram-positive peritonitis of 87.3%, compared to 63.6% for single Gram-negative 
peritonitis episodes, p = 0.001. S. aureus resulted in significantly lower resolution 
rates than other Gram-positive organisms, 68.6% for S. aureus versus 94.2% for other 
Gram-positive organisms. More than half of the PD catheter losses (57%) among single 
Gram-positive organism-induced peritonitis were attributed to S. aureus infections 
(3;15). Of the Gram-negative organisms, Serratia marcescens had the highest rate of 
treatment failure (85.7%), followed by Pseudomonas aeruginosa peritonitis (78.6%) 
(1). Chow et al. (6) found that Gram-negative organisms, Pseudomonas, fungal and 
Mycobacterium species were independent risk factors for treatment failure.
 The number of organisms cultured is another risk factor for catheter 
loss. Micro-organisms of the Enterobacteriaceae family are the major pathogens 
responsible for catheter loss in polymicrobial peritonitis (3).
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Fungal peritonitis

Many studies have found that the use of antibiotics and bacterial peritonitis within the 
previous 3 months are predisposing factors for the development of fungal peritonitis 
(16-18). Antibiotics, by killing the bowel flora, promote fungal colonization of the 
intestinal or genitourinary tract, with subsequent invasion across the mucosal barrier 
to the peritoneal cavity. Candida parapsilosis has been shown to be an independent 
risk factor associated with mortality (17). Abdominal pain, bowel obstruction, and 
the catheter remaining in situ are other factors associated with higher mortality rate 
and a greater risk of technique failure (10;19;20).

Culture-negative peritonitis

Szeto et al. (2) analyzed 212 episodes of culture-negative peritonitis from 1995 to 
2001. Primary response was defined as resolution of abdominal pain, clearing of 
the dialysate, PDE WBC < 100/ml on day 10 with antibiotics alone. If the PDE was 
still cloudy at day 10, the Tenckhoff catheter was removed or the antibiotics were 
changed. Complete cure was defined as resolution of peritonitis without the need 
for catheter removal, antibiotic switch or relapse within 120 days. Recent antibiotic 
therapy (within 30 days of onset of peritonitis) was associated with a lower primary 
response rate (31 of 56 versus 113 of 156 episodes; p = 0.019) and lower complete 
cure rate (12 of 56 vs. 68 of 156 episodes; p = 0.003). A history of peritonitis from 31 
to 120 days before the onset also resulted in a lower complete cure rate (p = 0.001). 
Multivariate logistic regression analysis showed that only recent antibiotic therapy 
was an independent predictor of poor primary response rate, odds ratio 2.12 (95% 
CI: 1.12-3.98; p = 0.02). The authors speculate that the use of antibiotics alters body 
flora and provokes peritonitis by fastidious organisms; conversely, there might be an 
accumulation of antibiotics that might hinder PDE culture. Only recent peritonitis 
was an independent predictor of poor complete cure rate, odds ratio 2.87 (95% CI: 
1.56-5,29; p = 0.001). They argue that antibiotics probably alter local bacterial flora 
and provoke the development of resistant bacterial strains. 

Recurrent and relapsing peritonitis

Recently, an article has been published about the characteristics of recurrent and 
relapsing peritonitis in a retrospective study over 14 years. According to the ISPD 
guidelines relapsing peritonitis is defined as a peritonitis that appears within 4 weeks 
after a prior peritonitis with the same organism or a sterile peritonitis. A recurrent 
peritonitis occurs within 4 weeks of a prior episode but with a different organism. The 
authors report that relapsing peritonitis most often is caused by coagulase-negative 
Staphylococcus and Pseudomonas species. Recurrent peritonitis is often caused by 
non-Pseudomonas Gram-negative organisms and polymicrobial growth. They suggest 
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that this can point to an underlying pathological state of the bowel; or that recent 
antibiotic use disturbs the gastrointestinal flora and provokes transmural migration 
of bowel organisms to the peritoneal cavity. In their study the recurrent group had a 
significant lower primary response rate (71.2% vs. 86.4%), lower complete cure rate 
(42.4% vs. 72.3%), and higher mortality rate (20.8% vs. 7.7%) than the control group; 
as well as a lower primary response rate (71.2% vs. 88.5%), lower complete cure 
rate (42.4% vs. 62.4%) and higher mortality rate (20.8% vs. 7.0%) than the relapsing 
group. The control group consisted of first peritonitis episodes without relapse or 
recurrence. In conclusion, recurrent peritonitis has a poor therapeutic response and 
high mortality. Recurrent peritonitis has a worse prognosis than relapsing peritonitis. 
The authors discuss that recurrent peritonitis deserves an equal and perhaps a more 
aggressive treatment as for relapsing episodes (21).

Risk factors for adverse outcomes after peritonitis-related technique failure 

Moon et al. (22) investigated the risk factors for developing short-term complications 
after peritonitis-related technique failure. Patients were divided into four groups 
according to adverse outcomes that developed within 90 days after PD catheter 
removal: no complications, recurrent ascites, encapsulating peritoneal sclerosis 
(EPS) and death directly related to peritonitis. They performed a multivariate analysis 
of risk factors for adverse outcomes. Serum CRP level at 72 hours of peritonitis and 
PD duration were significant predictors for the development of EPS. For peritonitis-
related death, CRP level at 72 hours and age at PD catheter removal (per 1 year 
increase: OR 1.11) were identified as significant determinants. Only effluent WBC 
at 72 hours was associated with development of ascites. The authors conclude that 
persistently elevated serum CRP level, older age, and long PD duration are significant 
predictors of adverse outcomes in PD patients after peritonitis-related catheter 
removal. 

In summary, many prognostic factors for peritonitis outcome are investigated 
and contradictory results are reported in the literature (table 1). Gram-negative 
organisms, Mycobacterium species, fungal peritonitis, polymicrobial peritonitis, 
concurrent exit-site or tunnel infection: all these factors have been found to result 
in a poor outcome of peritonitis. In addition, it seems that Caucasians have a worse 
outcome compared to Blacks. PDE WBC ≥ 1090/mm3 on day 3 is an independent 
risk factor for prediction of treatment failure as well a PDE WBC >100/mm3 for more 
than 5 days. Furthermore, low levels of sICAM-1 and HA at the end of treatment 
are negative prognostic indicators. Most data reveal CRP as a marker of peritonitis 
outcome. At present, only one study looked at GFR and found an inverse correlation 
with peritonitis-related mortality.  Recent antibiotic therapy and peritonitis are 
associated with poor treatment response in culture-negative peritonitis. In fungal 
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peritonitis, abdominal pain, bowel obstruction, the catheter remaining in situ and 
C. parapsilosis are factors associated with higher mortality rate and a greater risk of 
technique failure. Recurrent peritonitis episodes have a poor therapeutic response 
and high mortality and have a worse prognosis than relapsing ones. Continuous 
elevated serum CRP level, older age, and long PD duration are significant predictors 
of adverse outcomes in PD patients after peritonitis-related catheter removal. The 
following parameters have not shown a clear effect on peritonitis outcome: age, 
gender, diabetes, time on PD, procalcitonin, IL-6 and albumin.
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Table 1. Prognostic factors for peritonitis outcome.

Factor Prognostic 
value

References

Age no Krishnan et al. (1), Szeto et al. (2), Yang 
et al. (3)

yes Perez et al. (4)
Gender no Krishnan et al. (1), Szeto et al. (2), Golper 

et al. (5)
Race: caucasians have a worse outcome 
compared to Blacks

yes Krishnan et al. (1), Golper et al. (5)

Diabetes, history of steroid use, previous 
renal transplantation, malignancy

no Krishnan et al. (1), Perez et al. (4), Golper 
et al. (5)

yes Chow et al. (6)
Residual renal function yes Perez et al. (4)
Time on PD no Elsurer et al. (8), Zalunardo et al. (9) 

yes Krishnan et al. (1), Troidle et al. (7)
Number of peritonitis episodes previously 
experienced

no Krishnan et al. (1)

yes Pérez et al. (4)
Concurrent exit-site infection no Krishnan et al. (1)

yes Yang et al. (3), Golper et al. (5)
PD fluid cell count: PDE WBC ≥ 1090/mm3 
on day 3, PDE WBC ≥ 100/mm3 for > 5 days

yes Krishnan et al. (1), Chow et al. (6), Elsurer 
et al. (8), Wang et al. (10), Martikainen et 
al. (11)

Growth factors, cytokines, adhesion 
molecules, inflammatory markers:

•	 Procalcitonin no Lam et al. (12)
•	 sICAM-1 and hyaluronan yes Martikainen et al. (11)
•	 IL-6 no Martikainen et al. (11)
•	 CRP no Yang et al. (3)

yes Elsurer et al. (8), Zalunardo et al. (9), 
Martikainen et al. (11), Lam et al. (12)

•	 Albumin no Krishnan et al. (1)
yes Blake et al. (14)

Causative organism: yes
•	 Risk factors for poor outcome: 

Gram-negative organisms, 
Pseudomonas, fungal and 
Mycobacterium sp.

Krishnan et al. (1), Chow et al. (6)

•	 Among Gram-positive organisms, 
S. aureus has a worse outcome

Krishnan et al. (1), Yang et al. (3), Choi et 
al. (15)

•	 Polymicrobial peritonitis as risk 
factor for catheter loss

Yang et al. (3)

Culture-negative peritonitis: recent 
peritonitis or recent antibiotic therapy

yes Szeto et al. (2)

Fungal peritonitis: abdominal pain, bowel 
obstruction, catheter remaining in situ, C. 
parapsilosis

yes Wang et al. (10), Lo et al. (17), Goldie et 
al. (19), Prasad et al. (20)

Recurrent and relapsing peritonitis: 
recurrent peritonitis has a poor therapeutic 
response and high mortality; recurrent 
peritonitis has a worse prognosis than 
relapsing peritonitis

yes Szeto et al. (21)

Risk factors for adverse outcomes (ascites, 
EPS, death) after peritonitis-related 
technique failure: persistently elevated CRP 
level, older age, long PD duration

yes Moon et al. (22)
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