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ABSTRACT

Background: The impact of each episode of peritonitis on
long-term survival of peritoneal dialysis (PD) patients has yet
to be defined. Objectives: To determine the risk that each
episode of peritonitis poses for patient survival and for the
PD technique. Patients: 1515 patients included in the
Levante registry from 1 January 1993 to 31 December 2005.
Methods: Retrospective analysis of a multicentre registry
using Cox regression for time-dependent variables. Results:
We analysed 1609 episodes of peritonitis in 716 patients
(47.2%). In the univariate analysis, each case of peritonitis
treated in the outpatient unit was associated with an
increase in mortality (hazard ratio [HR] 1.99, P<.001), which
was greater for episodes that required hospitalisation (HR
3.62, P<.001). Mortality increased with each successive
episode in the same patient. Multivariate analysis confirmed
the association of each case of peritonitis with lower long-
term survival (HR 2.01, P<.001), with a different risk for
episodes due to gram-positive, gram-negative bacteria and
fungi (HR 1.73, 2.43 and 5.71, respectively; P<.001). Other
variables associated with mortality were age, low residual
renal function, absence of vascular access and comorbidity.
Peritonitis was the only independent variable associated
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with technique failure (HR 1.29, P<.001), with a different risk
for episodes due to gram-positive and gram-negative
bacteria and fungi (HR 1.73, 2.43 and 5.71, respectively;
P<.001). Conclusions: Episodes of peritonitis negatively
influence long-term survival of patients on PD.
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Technique survival.

Impacto de las peritonitis en la supervivencia a largo
plazo de los pacientes en dialisis peritoneal

RESUMEN

Antecedentes: El impacto de cada episodio de peritonitis
sobre la supervivencia a largo plazo de los pacientes en
dialisis peritoneal (DP) esta por definir. Objetivos: Estable-
cer el riesgo que supone para la supervivencia de los pa-
cientes y de la técnica de DP cada episodio de peritonitis.
Pacientes: 1.515 pacientes incluidos en el registro Levante
desde el 1 de enero de 1993 hasta el 31 de diciembre de
2005. Métodos: Anadlisis retrospectivo de un registro mul-
ticéntrico mediante regresion de Cox para variables cam-
biantes en el tiempo. Resultados: Se analizaron 1.609 epi-
sodios de peritonitis en 716 pacientes (47,2%). En el
andlisis univariante cada peritonitis tratada ambulatoria-
mente se asocio a un aumento de la mortalidad (hazard
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ratio [HR] 1,99; p <0,001) que fue mayor para los episodios
que requirieron hospitalizacion (HR 3,62; p <0,001). La
mortalidad aumentd con cada episodio sucesivo en el mis-
mo paciente. El andlisis multivariante confirmé la asocia-
cién de cada peritonitis con una menor supervivencia a lar-
go plazo (HR 2,01; p <0,001), con un riesgo diferente para
episodios por grampositivos, gramnegativos y hongos
(HR 1,73, 2,43 y 5,71, respectivamente; p <0,001). Otras va-
riables asociadas con la mortalidad fueron la edad, una
funcion renal residual escasa, la ausencia de acceso vascu-
lar y la comorbilidad. Las peritonitis fueron la Unica varia-
ble independiente asociada al fracaso de la técnica
(HR 1,29; p <0,001), con un riesgo diferente para episodios
por grampositivos, gramnegativos y hongos (HR 1,25, 1,30
y 3,03, respectivamente) (p <0,001). Conclusiones: Los epi-
sodios de peritonitis influyen de forma negativa en la su-
pervivencia a largo plazo de los pacientes en DP.

Palabras clave: Didlisis peritoneal. Peritonitis. Supervivencia de
los pacientes. Supervivencia técnica.

INTRODUCTION

Peritonitis currently constitutes one of the primary causes of
death and technique failure in peritoneal dialysis (PD) pa-
tients, in spite of the continued decrease in the incidence rate
of this complication."® Fortunately, the direct mortality asso-
ciated with episodes of peritonitis is low, below 4% accord-
ing to most studies.” This rate of lethality depends greatly on
the causative micro-organism, and is highest for fungal peri-
tonitis, followed by those due to gram-negative bacteria.*'
The potential influence of episodes of peritonitis on the mor-
tality of PD patients on a long-term basis is much less well
understood. In fact, we only know one study in which this
specific aspect has been analysed in detail." This study was
published in 1996 when only 30% of patients used discon-
nect systems, a situation quite different from the current one."
Additionally, until now, no study has been carried out in the
survival of PD patients that has analysed the incidence of
peritonitis as a time-dependent variable, with the previous lit-
erature on the subject limited to studies using the final rate of
peritonitis as their study variable."'? As such, from a method-
ological point of view, no study has been able to estimate the
increased risk of death or technique failure that each episode
of peritonitis causes when these infections occur. We must
keep in mind that in addition to the direct mortality attributa-
ble to peritonitis, each case also involves an inflammation
state that will generate both a deleterious effect on the peri-
toneal membrane and a decrease in the PD patient’s general
health and immunological and nutritional states. This could
potentially affect the survival of the large majority of patients
that overcome their episodes of peritonitis and remain on the
dialysis technique.

Since 1991, the Levante registry has prospectively compiled
an ample database of demographic and clinical information
on all patients that start renal replacement therapy with PD in
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the public sector in the three provinces of the Community of
Valencia (Alicante, Castellén, and Valencia), the community
of Murcia, and the provinces of Albacete and Cuenca. In the
present study, we analysed a large cohort of patients included
in the Levante registry to estimate the long-term survival of
PD patients after each case of peritonitis using analysis tech-
niques for time-dependent variables. We also estimated the
potential differences in long-term mortality based on the type
of micro-organism causing the infection.

MATERIAL AND METHOD

We performed a retrospective analysis of all episodes of peri-
tonitis registered in a total of 1515 incident patients from the
Levante registry that started PD using disconnect systems be-
tween 1 January 1993 and 31 December, 2005. In addition to
the information provided on the episodes of peritonitis (date
of diagnosis, culture from the dialysis effluent, and the need
for hospitalisation), we used demographical and clinical data
from all patients upon starting PD, and at least one analysis
of peritoneal permeability and adequacy in a sample of 1180
patients (77.9% of the total). Some 2577 studies were per-
formed during the follow-up period. We considered peritoni-
tis to be any episode of turbid peritoneal effluent with a
pathological cell count, defined as more than 100 leuko-
cytes/mm’ with a polymorphonuclear neutrophil percentage
greater than 50%." Comorbidity at the start of PD was esti-
mated by calculating the Davies index" for the 14 comorbidi-
ties compiled in the Levante registry.

Statistical analysis

We performed a descriptive analysis of the continuous vari-
ables of the sample using means and standard deviations,
comparing between groups using the Mann-Whitney U test.
Qualitative variables were analysed using chi-square tests. In
all cases, the null hypothesis was rejected whenever its prob-
ability was less than 0.05 (P<.05).

Survival analysis

We performed a survival analysis, considering only patient
death. We estimated technique survival by considering only
the event of switching to haemodialysis (HD). All other
events in both cases were censored. We calculated mortality
rate (deaths/100 patient-years) by dividing the total number
of deaths registered in a period of time by the number of at-
risk days for all patients within that period, dividing by
365.25 and multiplying by 100. The rate of technique failure
within a given period was calculated in the same way, con-
sidering the number of patients that switched to HD during
that time. Those patients that died during the first month af-
ter transferring to HD were considered to have died on PD.
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Direct mortality from peritonitis was defined as all deaths that
occurred within 4 weeks of an episode of peritonitis, regard-
less of the immediate cause of death. For the univariate analy-
sis of continuous variables, we performed a “dummy” trans-
formation into categorical variables according to statistical
and/or clinical criteria for later analysis using Kaplan-Meier
curves, comparing between strata using log-rank tests. We
analysed the impact of episodes of peritonitis as well as oth-
er time-dependent variables (PD technique used, use of
icodextrin, and variables associated with peritoneal kinetics
and adequacy) on survival, using Cox-regression models for
time-dependent covariates. In this analysis, each event is re-
lated to the value of the previous variable, such that the re-
sulting Cox model represents the instantaneous relative risk
when comparing two different patients with the same follow-
up time when one of them changes levels. In order to repre-
sent the univariate effect of the time-dependent variables, we
used Kaplan-Meier curves with delayed-entry study. They
represent survival as if a patient was in the same category of
the study variables during the entire study period. The pro-
portionality of risks that the Cox regression analysis requires
was confirmed using Kaplan-Meier curves and a graphical
representation of the log-transformed incidence rate by time
according to each case. All fixed or time-dependent variables
with a significant (P<.05) or almost significant (P<.1) value
for survival in the univariate study were selected for a multi-
variate analysis using backwards stepwise conditional Cox
regression. We developed two different multivariate models:
the first was to estimate the risk of mortality associated with
each episode of peritonitis, and the second was to analyse pa-
tient survival based on the causative micro-organism. In this
last model, we decided to exclude episodes caused by my-
cobacteria (because of the small number: 7 cases) and those
that produced a negative cell culture, since this was a hetero-
geneous group. Additionally, in accordance with previously
existing literature on the subject, we decided to consider
mixed infections as gram-negatives whenever a gram-nega-
tive bacteria was isolated, and fungal whenever at least one
fungal species was isolated." We performed all statistical
analyses using “R” statistical software, version 2.8.0 (The R
Foundation for Statistical Computing) and SPSS version 13.0
(SPSS Inc., Chicago, Illinois, USA).

RESULTS

We analysed a total of 1515 incident patients with a cumula-
tive time on PD of 3213.7 years. The primary characteristics
of the cohort are compiled in Table 1. In a sample of 1180 pa-
tients (77.9%), we had access to at least one peritoneal trans-
port and adequacy study. The characteristics of this sample
and the differences with other patients appear summarised in
Table 1. The baseline peritoneal transport and adequacy val-
ues were the following: weekly peritoneal Kt/V: 1.54+0.4;
weekly renal Kt/V: 0.9+£0.7; estimated glomerular filtration
rate (average of urea and creatinine clearance rates):
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5.08+4.08ml/min; nPCR: 1.08+0.3g/kg/day; D/P creatinine:
0.67+0.1. At the end of the study, 402 patients (26.5%) were
still on PD, 386 (25.5%) had died, 367 (24.2%) received a
kidney transplant, 308 (20.3%) were transferred to HD, and
52 (3.4%) were lost during the follow-up period. Mean pa-
tient survival was 63 months (95% confidence interval [CI]:
53.8-72.2), with a survival rate of 91%, 72%, 52%, and 23%
at 1, 3,5, and 10 years, respectively. Global mortality was
11.7 deaths per 100 patient-years. The cause of death was
cardiovascular in 128 cases (33.2%), associated with peri-
tonitis in 58 cases (15%), cachexia in 51 cases (13.2%), non-
peritoneal infection in 47 cases (12.2%), miscellaneous in 30
cases (7.8%), and unknown in 72 cases (18.6%). Mean tech-
nique survival was 89.14 months (95% CI: 82.22-96.07),
with a rate of 92%, 74%, 63%, and 37% at 1, 3, 5, and 10
years, respectively. The rate of transferral to HD was 9.4 cas-
es per 100 patient-years on PD. Peritonitis was the primary
cause of technique failure with 111 cases (36.4%).

During the follow-up period, we diagnosed 1609 episodes of
peritonitis in 716 patients (47.2%); 339 patients (22.3%) de-
veloped one episode, 163 patients (10.7%) had two, 91 pa-
tients (6%) had three, and 123 patients (8.1%) had four or
more episodes. The global rate of peritonitis was one episode
per 24 patient-months (one episode for every 18.3, 24.5, and
29 patient-months for the periods of 1993-1995, 1996-2000,
and 2001-2005, respectively). The lethality rate was 3.6%.
Gram-positive bacteria were the most common causative mi-
cro-organisms with 902 cases of peritonitis (56% of the to-
tal), 129 of which were Staphylococcus aureus (8%). Gram-
negative bacteria showed up in cultures in 339 episodes
(21%), including 87 cases of Pseudomonas spp. (5.4%). In
63 cases, we observed a mixed culture of gram-positive and
gram-negative bacteria (4.3%). The episode was caused by a
fungus in 59 cases (3.6%), and mycobacteria were implicat-
ed in 7 cases (0.7%). The culture of the effluent was negative
in 239 cases (14.8%). In 956 cases (59.4%), treatment was
given in an outpatient setting, whereas 653 episodes (40.6%)
required hospitalisation.

Patient survival
Univariate analysis

Mean patient survival with a rate of peritonitis equal to or
greater than one episode every 24 months was 57 months
(95% CI: 51.1-62.9), significantly lower than patients with a
lower incidence of peritonitis (83 months; 95% CI: 74.9-
91.1; P<.001). The analysis of each case of peritonitis as a
time-dependent variable confirmed that each episode was as-
sociated with a higher risk of death that increased progres-
sively as episodes occurred to the same patient. Thus, the first
episode was associated with a hazard ratio (HR) of 2.08 (95%
CI: 1.59-2.72; P<.001); the second had a HR of 2.72 (95%
CI: 1.92-3.85; P<.001), the third had a HR of 3.18 (95% CI:
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Table 1. Characteristics of the 1515 incident patients on peritoneal dialysis and the sample of 1180 patients with
information on peritoneal transport and adequacy included in the multivariate analysis

Overall Available peritoneal transport and adequacy
(n=1515) Yes (n=1180) NO (n=335) P

Age (years) (mean = SD) 52.9+16.3 52.8+£16.4 53.5%16 0.57
Men 844 (55.7%) 672 (56.9%) 172 (51.3%) 0.09
Months on PD (median) 19 20 14 <0.001
Modality prior to PD <0.001

Predialysis 1153 (76%) 920 (78%) 233(69.6%)

Haemodialysis 331(21.8%) 236 (20%) 95 (28.4%)

Kidney transplant 31 (2%) 24 (2%) 7 2%)
Period 0.03
- 1993-1995 224 (14.8%) 163 (13.8%) 61(18.2%)
- 1996-2000 613 (40.4%) 496 (42%) 117 (34.9%)
-2001-2005 678 (44.8%) 521 (44.2%) 157 (46.9%)
Aetiology of CKD 0.27
- Glomerular 404 (26.7%) 314 (26.6%) 90 (26.7%)
- Interstitial 300 (19.8%) 232 (19.7%) 68 (20.3%)
- Diabetic nephropathy 260 (17.2%) 197 (16.7%) 63(18.8)
- Vascular 173 (11.4%) 146 (12.4%) 27 (8.1%)
- Unknown 378 (25%) 291 (24.7%) 87 (26%)
Diabetes mellitus 338 (22.3%) 259 (21.9%) 79 (23.6%) 0.5
Comorbidity (Davies) 0.13

No comorbidity (0) 721 (47.6%) 575 (48.7%) 146 (43.6%)

Moderate (1-2) 647 (42.7%) 488 (41.4%) 159 (47.5%)

High (=3) 147 (9.7%) 117 (9.9%) 30 (9%)
APD 361 (23.8%) 315 (26.7%) 46 (13.75%) <0.001
Icodextrin 294 (19.3%) 259 (21.9%) 35(10.4%) <0.001
Peritonitis/months at risk 0.053+0.1 0.049+0.1 0.067+0.1 0.78

SD: standard deviation; CKD: chronic kidney disease; APD: ambulatory peritoneal dialysis.

2.07-4.88; P<.001), the fourth had a HR of 4.76 (95% CI:
2.94-7.62; P<.001), and the fifth and the following ones had
a HR of 7.87 (95% CI: 5.16-12; P<.001). This increased risk
of mortality was greatest for patients with fungal infections
(HR: 14.29; 95% CI: 7.97-25.65; P<.001), followed by
episodes caused by gram-negative bacteria (HR: 3.56; 95%
CI: 2.62-4.83; P<.001), with the lowest risk associated with
episodes caused by gram-positive bacteria (HR: 2.23; 95%
CI: 1.72-2.90; P<.001) (Figure 1). The estimated long-term
risk of mortality after an episode of peritonitis from Staphy-
lococcus aureus (HR: 2.25;95% CI: 1.37-3.70; P=.001) was
similar to the rest of the gram-positive bacteria (HR: 2.23;
95% CI: 1.69-2.93; P<.001). Additionally, the need for hos-
pitalisation during the episode of peritonitis was also associ-
ated with increased long-term mortality (HR: 3.62; 95% CI:
2.78-4.72; P<.001), although even those episodes treated in
the outpatient setting were associated with a significantly
lower long-term survival rate (HR: 1.99; 95% CI: 1.53-2.60;
P<.001) (Figure 2). In addition to the cases of peritonitis, the
variables that showed a significant association in the univari-
ate analysis with increased mortality were age (P<.001), in-
clusion on PD before 2001 (P<.001), previous time spent on
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HD (P<.001), the absence of an adequate vascular access for
HD as the reason for choosing PD (P<.001), the cause of the
CKD (P=.002), comorbidity as measured by the Davies in-
dex (P<.001), the use of icodextrin (P=.035), a D/P creatinine
index (D/P creat) greater than 0.65 (P=.002), a nPCR less
than 1g/kg/day (P<.001), and residual renal function (RRF)
less than 3ml/min (P<.001).

Multivariate analysis

In the first multivariate model, we confirmed that each case
of peritonitis increases the long-term risk of mortality with
an adjusted HR of 2.01 (95% CI: 1.53-2.64; P<.001) (Table
2). The second multivariate model demonstrated how the risk
of death appears after fungal peritonitis cases (adjusted HR:
5.71; 95% CI: 2.76-11.8; P<.001), with lower rates associat-
ed with cases of gram-negative bacteria (adjusted HR: 2.43;
95% CI: 1.69-3.52; P<.001) and gram-positive bacteria (ad-
justed HR: 1.73; 95% CI: 1.28-2.34; P<.001) (Table 3). Oth-
er independent risk factors associated with reduced survival
in both models were age, the absence of an adequate vascu-
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Each case of peritonitis has been analysed as a time-dependent
variable and the following estimate of survival has been graphically
represented using Kaplan-Meier curves with delayed entry.

Figure 1. Estimate of patient survival after each episode of
peritonitis based on the result of the effluent culture.

lar access point for HD, comorbidity, and a low or non-exis-
tent RRF (Table 2 and Table 3).

Technique survival

Mean technique survival was significantly lower in patients
with a higher incidence of peritonitis than the mean of one
episode every 24 months (69.9 months; 95% CI: 61.8-78) as
compared to patients with a lower incidence of peritonitis
(101.2 months; 95% CI: 92.8-109.5; P<.001). The univariate
analysis also showed that the risk of technique failure in-
creased in relation to the number of episodes of peritonitis ex-
perienced by the same patient, with an HR of 2.21 for the first
episode (95% CI: 1.80-2.70; P<.001), 3.35 for the second
(95% CI: 2.60-4.31; P<.001), 4.19 for the third (95% CI:
3.09-5.69; P<.001), 4.46 for the fourth (95% CI: 3.02-6.59;
P<.001), and 8.50 from the fifth episode on (95% CI: 6.11-
11.81; P<.001). Additionally, the risk of transferring to HD
was different for the episodes resulting from gram-positive
bacteria (excluding Staphylococcus aureus) (HR 2.09; 95%
CI: 1.69-2.59; P<.001), Staphylococcus aureus (HR: 2.34;
95% CI: 1.61-3.39; P<.001) gram-negative bacteria (HR:
4.01; 95% CI: 3.20-5.03; P<.001), and fungal infections (HR:
29.76; 95% CI: 21.31-41.58; P<.001) (Figure 3). Other fac-
tors associated with technique failure in the univariate analy-
sis were the cause of the chronic kidney disease (CKD)
(P=.04), the use of automated peritoneal dialysis (APD)
(P=.001), the use of icodextrin (P=.02), a D/P creatinine in-
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Each case of peritonitis has been analysed as a time-dependent
variable and the following estimate of survival has been graphically
represented using Kaplan-Meier curves with delayed entry.

Figure 2. Estimate of patient survival after each episode of
peritonitis based on the need for hospitalisation.

dex greater than 0.65 (P=.002), an RRF less than 3ml/min
(P=.001), and nPCR values less than 1g/kg/day (P=.04). The
multivariate analysis confirmed that the episodes of peritoni-
tis were the only factor independently associated with tech-
nique survival, with an adjusted HR of 1.29 (95% CI: 1.21-
1.38; P<.001), and this risk varied by the type of infectious
micro-organism involved (Table 4).

DISCUSSION

The lack of a correct analysis of time-dependent variables is
the cause of serious bias that can affect the results of many
observational studies published even in upper-tier journals.”
In this study, we analysed episodes of peritonitis for the first
time as a time-dependent variable with the objective of esti-
mating the potential impact of this occurrence on mid-long-
term technique failure and mortality in PD patients. Our re-
sults show that peritonitis does not only affect short-term
patient survival, but also that it has long-term impact on the
majority of patients that respond to treatment and overcome
the original infection. Additionally, this increased risk of
death and/or technique failure associated with peritonitis is
independent of the presence of other well-known prognostic
factors, such as advanced age, comorbidity, and absence of
RRF.""* Until now, very few studies have evaluated the im-
pact of peritonitis on long-term survival of PD patients."?
Fried, et al studied the influence of peritonitis on mortality in
516 patients in a single PD unit, demonstrating lower survival
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Table 2. First multivariate model using Cox regression with the predictive factors for mortality in 1180 incident patients

on peritoneal dialysis

HR 95% ClI P
Age (1)
- 50-59 years 1.95 1.22-3.11 0.004
- 60-69 years 2.84 1.86-4.32 <0.001
- >70 years 4.74 3.15-7.12 <0.001
Modality prior to PD (2)
- Haemodialysis 0.96 0.64-1.43 0.85
- Transplant 1.16 0.27-4.93 0.84
Reason for choosing PD (3)
- Absence of a vascular access for HD 1.48 1.09-2.01 0.01
- Medical causes 1.2 0.86-1.65 0.27
Period (4)
- 1993-1995 1.04 0.67-1.61 0.84
- 1996-2000 1.14 0.80-1.64 0.45
Aetiology of CKD (5)
- Unknown 1.05 0.62-1.42 0.79
- Interstitial 1.09 0.70-1.70 0.68
- Vascular 0.89 0.57-1.39 0.63
- Diabetic nephropathy 0.91 0.58-1.44 0.7
Comorbidity (Davies) (6)
- 1-2 (moderate) 2.07 1.49-2.85 <0.001
- >3 (high) 4.05 2.66-6.17 <0.001
APD 1.34 0.96-1.88 0.084
K 0.95 0.61-1.48 0.85
D/P creatinine >0.65 1.09 0.81-1.47 0.56
RRF (eGFR) (7)
- 1-3ml/min 0.46 0.33-0.65 <0.001
- >3ml/min 0.32 0.23-0.45 <0.001
Peritoneal KtV (<1.7) 0.95 0.70-1.29 0.77
nPCR (8)
- 1-1.2g/kg/day 0.88 0.62-1.23 0.47
- >1.2g/kg/day 0.69 0.44-1.06 0.09
Peritonitis (each episode) 2.01 1.53-2.64 <0.001

(1) Comparative risk with <50 years. (2) Comparative risk with “predialysis”. (3) Comparative risk with “elective”.
(4) Comparative risk with “2001- 2005". (5) Comparative risk with “glomerular”. (6) Comparative risk with “no comorbidity”. (7) Comparative risk

with “<Tml/min”. (8) Comparative risk with nPCR<1g/kg/day.

HR: hazard ratio; Cl: confidence interval; PD: Peritoneal dialysis; HD: haemodialysis; CKD: chronic kidney disease; APD: automated peritoneal dialysis;
RRF: residual renal function; eGFR: estimated glomerular filtration rate; PCR: protein catabolic rate.

rates in patients with more than one episode of peritonitis
every 25 months." More recently, Sipahioglu et al published
their experience with 423 patients, also from one single cen-
tre, demonstrating an increased risk of death in patients with
a higher incidence of peritonitis (adjusted HR: 1.87 for each
increase of one episode per year on PD).” For the first time,
and through the application of regression techniques for time-
dependent variables, our study has been able to estimate the
mean increase in risk of death that each episode of peritonitis
accounts for, also adjusting for other significant variables
(HR: 2.01; 95% CI: 1.53-2.64).Even more so, our results
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show that the several episodes of peritonitis in the same pa-
tient progressively increase the negative impact of this com-
plication on survival. It is important to point out that even
those episodes that are treated in the outpatient setting (be-
cause the patient has a good clinical situation with proper re-
sponse to treatment) are later associated with a significant in-
crease in mid-long-term mortality. The deleterious effect of
peritonitis episodes on mid-long-term patient survival could
be explained by their potential contribution to the develop-
ment of malnutrition-inflammation-atherosclerosis syndrome
(MIA).” In this context, a recent study showed that each
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Table 3. Second multivariate model using Cox regression with the predictive factors for mortality in 1180 incident

patients on peritoneal dialysis

HR 95% ClI P
Age (1)
- 50-59 years 1.81 1.13-2.90 0.013
- 60-69 years 2.74 1.79-4.20 <0.001
- >70 years 4.79 3.19-7.21 <0.001
Modality prior to PD (2)
- Haemodialysis 0.98 0.65-1.46 0.92
- Transplant 1.22 0.28-5.19 0.79
Reason for choosing PD (3)
- Absence of a vascular access for HD 1.42 1.04-1.93 0.026
- Medical causes 1.25 0.90-1.72 0.18
Period (4)
- 1993-1995 1.06 0.69-1.65 0.77
- 1996-2000 1.17 0.82-1.68 0.37
Aetiology of CKD (5)
- Unknown 0.98 0.65-1.48 0.94
- Interstitial 1.07 0.69-1.66 0.76
- Vascular 0.90 0.57-1.41 0.66
- Diabetic nephropathy 0.95 0.60-1.51 0.86
Comorbidity (Davies) (6)
- 1-2 (moderate) 2.03 1.47-2.81 <0.001
- >3 (high) 3.80 2.49-5.80 <0.001
APD 1.31 0.93-1.84 0.12
Icodextrin 0.99 0.64-1.54 0.99
D/P creatinine >0.65 1.06 0.79-1.44 0.66
RRF (eGFR) (7)
- 1-3ml/min 0.47 0.33-0.66 <0.001
- >3ml/min 0.34 0.24-0.47 <0.001
Peritoneal Kt/V (<1.7) 0.98 0.72-1.34 0.93
nPCR (8)
- 1-1.2g/kg/day 0.84 0.60-1.19 0.34
- >1.2g/kg/day 0.67 0.43-1.03 0.07
Peritonitis from gram-positive bacteria (each episode) 1.73 1.28-2.34 <0.001
Peritonitis from gram-negative bacteria (each episode) 2.43 1.69-3.52 <0.001
Fungal peritonitis (each episode) 5.71 2.76-11.8 <0.001

(1) Comparative risk with <50 years. (2) Comparative risk with “predialysis”. (3) Comparative risk with “elective”.
(4) Comparative risk with “2001- 2005". (5) Comparative risk with “glomerular”. (6) Comparative risk with “no comorbidity”. (7) Comparative risk

with “<Tml/min”. (8) Comparative risk with nPCR<1g/kg/day.

HR: hazard ratio; Cl: confidence interval; PD: Peritoneal dialysis; HD: haemodialysis; CKD: chronic kidney disease; APD: automated peritoneal dialysis;
RRF: residual renal function; eGFR: estimated glomerular filtration rate; PCR: protein catabolic rate.

episode of peritonitis causes an increased inflammatory state
in PD patients that lasts much longer than the clinical resolu-
tion of the peritonitis itself.*® This inflammation state, with
the serological translation of increased PCR levels, is accom-
panied by nutritional deterioration that manifests itself in the
form of decreased body mass index, which could also be
caused by the concomitant increase in serum leptin levels be-
cause of the known anorectic activity of this compound.* All
of these alterations would still be present even six weeks af-
ter the complete clinical remission of the episode, with con-

Nefrologia 2011;31(6):723-32

tinued nutritional deterioration and prealbumin levels still be-
low those from before the infectious event.” Thus, each case
of peritonitis would lead to a deteriorated nutritional state of
the patient and would exacerbate the previous inflammatory
state, enhancing the development of atherosclerosis and in-
creasing cardiovascular risk."” Precisely, the persistence of in-
creased serum PCR levels following the resolution of the
episode of peritonitis has be correlated with lower survival a
posteriori both in the short and long term.**In this context,
it is interesting to point out how even in studies that only
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immediate cause of death in as many as 41.5% of cases.*
10 Finally, it has been suggested that the sustained inflamma-
tion and its exacerbations during episodes of peritonitis
P<.001 could contribute to the progressive loss of RRF, thus indi-
i rectly affecting patient survival.>** In any case, our study
= shows that the association between peritonitis and long-
§ 06" term patient survival is independent of the patient’s RRF at
2 No peritonitis the time of the episode. Even more so, our study was able
%’ Il 1 N\ to detect significant differences in survival from each
° i "47._‘_ episode of peritonitis based on the causative micro-organ-
€ | \\ L}.__\ ism. Thus, fungal peritonitis episodes have the greatest im-
U2 N 1 _'I""'-.\ pact on mortality, followed by episodes caused by gram-
| \‘-‘ ol Al En-i-é u Gram (+) negative bacteria and finally gram-positive bacteria (Figure
i '-_‘.. _Fungal e Gramrl L 3 and Table 3). Until now, only the study mentioned by
Tl LT A e P Pl : : Fried et al had analysed the impact of the causative micro-
gl 11 gl s 1 1 el e e | (]| organism on long-term patient survival in PD patients, with
Months similar conclusions." All other studies have focused on the
immediate mortality rates associated with the episode or
Each case of peritonitis has been analysed as a time-dependent the rate of lethality,"”* all of which resulted in greater mor-
variable and the following estimate of survival has been graphically tality rates for cases of fungal peritonitis, followed by those
represented using Kaplan-Meier curves with delayed entry. S.A.: caused by gram-negative bacteria. As such, an in accor-
Staphylococcus aureus. dance with the previously published studies and our own

P Yy P

Figure 3. Estimate of technique survival after each episode of
peritonitis based on the result of the effluent culture.

analysed direct short-term mortality attributed to each
episode of peritonitis a cardiovascular complication was the

results, we can conclude that the different short-term pro-
file of clinical aggressiveness of the different causative mi-
cro-organisms is maintained if we consider a more long-
term evaluation of patient survival.

In our study, the episodes of peritonitis are the only variable
that was independently associated with technique survival on

Table 4. Cox multivariate regression analysis of the predictive factors for technique failure in 1180 incident patients on PD

HR 95% ClI P
Aetiology of CKD (1)
- Unknown 1.04 0.96-1.13 0.28
- Interstitial 1.07 0.98-1.17 0.12
- Vascular 1.03 0.93-1.14 0.55
- Diabetic nephropathy 1.00 0.91-1.10 0.96
APD 0.99 0.91-1.07 0.81
Icodextrin 1.07 0.97-1.19 0.14
D/P creatinine >0,65 1.01 0.95-1.07 0.74
RRF (eGFR) (2)
- 1-3ml/min 0.93 0.85-1.02 0.1
- >3ml/min 0.94 0.87-1.01 0.1
nPCR (3)
- 1-1,2g/kg/day 1.04 0.97-1.12 0.22
- »1,29/kg/day 1.02 0.95-1.10 0.52
Peritonitis from gram-positive bacteria (each episode) 1.25 1.16-1.35 <0.001
Peritonitis from gram-negative bacteria (each episode) 1.30 1.17-1.45 <0.001
Fungal peritonitis (each episode) 3.03 2.24-4.10 <0.001

(1) Comparative risk with “glomerular”. (2) Comparative risk with “<1ml/min”. (3) Comparative risk with nPCR <1g/kg/day.
PD: peritoneal dialysis; HR: hazard ratio; CKD: chronic kidney disease; RRF: residual renal function; eGFR: glomerular filtration rate; PCR: protein

catabolic rate.
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PD. Although increased peritoneal transport and loss of RRF
were significantly associated with technique survival in the
univariate analysis, both factors lost this association in the
multivariate analysis, which suggests that the use of APD
could contribute to the treatment of high transporters and
anuric patients to facilitate remaining on the technique un-
der proper conditions.**?” Additionally, if we take into con-
sideration that the incidence of peritonitis was not included
in the majority of previous studies on survival, it is plausi-
ble to consider that the association described in other stud-
ies between low RRF and technique failure could be ex-
plained at least in part by the lower incidence of peritonitis
described in patients with a higher RRF,*® or even by the
contribution that these episodes make to the loss of RRF.#*
In a similar manner, the fact that the use of icodextrin solu-
tions and APD is associated with lower technique survival
in the univariate analysis, but not the multivariate analysis,
suggests a probable selection bias of both therapeutic op-
tions for those patients with less favourable conditions for
the long-term application of PD.

Given the important negative impact that peritonitis has on
patient survival and PD technique failure, it is important to
point out that our study observed a progressive decrease in
peritonitis rates throughout the study period.

Our analysis of data from a registry had several limitations.
Although all of the data used were compiled prospectively,
the retrospective nature of our analysis and the fact that we
did not have information regarding the adequacy of treat-
ment and peritoneal transport in 335 patients (22.1%) may
lead to a possible selection bias. However, the large sample
analysed, the long follow-up period, and the fact that the
sample analysed using the multivariate analysis had no sig-
nificant differences in the primary variables associated with
survival show that the results obtained were absolutely rep-
resentative. On the other hand, we should also point out that
although the models for time-dependent variables that we
used allowed for estimating long-term risk of technique fail-
ure or death, the resulting indexes are also influenced by
events that occur in the short-term, which should be taken
into account in the interpretation of the results.

In summary, our study showed that each episode of peritoni-
tis is independently associated with an increase in mortality
and technique failure, both on the short and long term. As
such, our results suggest that the incidence of peritonitis
should be a key risk factor in all survival analyses in the
field of PD. Finally, the importance of minimising the inci-
dence of peritonitis in order to improve patient survival
must be prioritised.
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