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The clinical analysis of peritonitis in peritoneal dialysis patients

Knnanuka ananmza INEPUTOHOUTHCA KO OoecHHKA Ha HepI/ITOHCYMCKOj ,Z[I/Ij aJIu3u

SUMMARY

Introduction/Objective Peritoneal dialysis is a
method of treating patients in terminal phase of renal
failure (end-stage renal disease). Peritonitis represents
most severe and most common complication of
peritoneal dialysis. The most common peritonitis
causes are Gram* microorganisms: Staphylococcus-
coagulase-negative, Staphylococcus aureus, Strepto-
coccus sp, Neisseria sp. Gram™ microorganisms are:
Pseudomonas sp, Enterococcus, Klebsiella sp,
Proteus sp, Acinetobacter sp.

The aim of the study was to examine the incidence of
peritonitis and to determine the differences between
patients with and without peritonitis and catheter
infection. Other goals of the work were: the most
frequent causes of peritonitis, the outcome of
treatment, the influence of the length of treatment on
the development of peritonitis, the influence of the
peritoneal dialysis adequacy on the development of
peritonitis, the influence of anemia, nutritional status,
iron status, secondary hyperparathyroidism (Ca, P,
CaxPOQ4, parathormone), protein status — albumin and
the effect of acid uricum on.the development of
peritonitis.

Methods Retrospectively, 84 patients were analyzed
of peritoneal dialysis (2012-2016) at Center for
Nephrology and Dialysis of Clinical Center
Kragujevac. The diagnosis of peritonitis was based on
clinical 'picture, biochemical analyses, leukocyte in
sediment of dialysis, findings of peritoneal-culture,
signs of inflammation (C-reactive-protein, leukocy-
tes). The analysis included: the most common causes,
the outcome of treatment, the influence of the length
of treatment, the influence of the peritoneal dialysis
adequacy, the influence of anemia, the influence of
iron status, the influence of secondary hyperpara-
thyroidism, the influence of protein status, albumin,
and the effect of acid uricum on the development of
peritonitis.

Results 22 patients had one, six patients had two, six
patients had three, six patients more than three
episodes of peritonitis. The difference in mean values
of the number of erythrocytes, hemoglobin,
hematocrit, iron, albumin, diastolic pressure, systolic
pressure between patients with peritonitis, and those
without it, statistically were significant (p < 0.05). The
difference in mean values of calcium (Ca), phosphor
(P), CaxPOs, uricum value, parathormone, peritoneal
dialysis adequacy, systolic pressure was not

statistically significant (p > 0.05). The incidence of

peritonitis and death were not associated (p = 1.000).
Conclusion Peritonitis is severe complication of
peritoneal dialysis. Anemia and nutritional status are
risk factors that affect the development of peritonitis
in patients on peritoneal dialysis.
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CAXETAK

Yeon/Ilnbs IleputoHeymMcka amjanm3a je HaduuH
Jeuemha OOJIECHHKA y TepPMHUHATHO] (ha3u OyOpekHe
cnabocti (Kpajibu cragujyMm OyOpexHe OoJecTH).
[lepuroHnTHC TpencTaB/ba HajTEXKy, Hajaelhy
KOMIUIMKAIMjy NepuToHeyMcKe nujanu3e. Hajaenthu
W3a3MBayd MepuToHUTHCA Cy Gram® MHUKPOOpPTaHHU-
3mu: Staphylococcus-coagulasa-negativ.; Staphyloco-
ccus aureus, Streptococcus sp., Neisseria sp. Gram
MEKpoopranmsmMu cy: Pseudomonas sp., Entero-
coccus, Klebsiella sp.,Proteus sp., Acinetobacter sp.
Hup cryomje jewOumo Ja ce WCHHTAa YYECTaJIOCT
TIEPUTOHUTHICA W YIBPJE pa3iuKe n3Mely marijenara
ca u 0e3.mepuTOHMTHCA U HH(DEKIHje 300T KaTeTepa.
Ocrany nuJbeBH paga Ounu cy:~Hajuemhu y3pouu
HNEPUTOHUTHCA, UCXO]I JICUeHa, YTHLA] Ty>KHHE Jieue-
Bha Ha Pa3BOj MCPUTOHHUTHCA, YTHIA] aICKBATHOCTH
MIEPUTOHEYMCKE JIMjain3e Ha pa3BOj MEPUTOHMTHCA,
YIUIaj aHeMUje, HyTPUTUBHHU CTaTycC, CTaTyc rBoxha,
ceKyHHmapHu xwumepmaparupeounmzam  (Ca, P,
CaxPOg, mapaTxopMoH), cTaTyC MPOTeHHA — aTOYMUH
W yTUIaj MokpahHe KmcenwmHEe Ha  pasBoj
TIEPUTOHUTHCA.

Metoae PerpocniekTHBHO je aHanmu3upano 84 Gomiec-
HUKa Ha IepuTOHEYMCKOj aujanm3u 2012-2016. y Le-
HTpY 3a Hedposdorwjy u aujanusy, KimHuukor
Ientpa KparyjeBan. JlujarHo3za mNEpUTOHUTHCA
NOCTaB/bEHA j€ Ha OCHOBY KIMHHUYKE CIIHKE,
JICyKOINTa y CEIMMEHTY JI1jaliu3ara, Haja3a KyJIType
NEPUTOHEYMCKOT JTHjaju3aTa, IMPUCYTHUX 3HAaKOBa
nHpamanyje (C-peakTUBHU MPOTEHH, JICYKOIUTH).
Amnanm3a je oOyxBarana: Hajuemhe y3pouHHKE, HCXO]]
Jedyerwa, YTHIAj Ty)KWHE JIedera, YTHIA] aJeKBaTH-
OCTH TICPUTOHEYMCKE [AWjaiu3e, YTUIA] aHEMHje,
yTHUIA] cTaTyca rBokha, yTHIAj CEKyHIapHOT XHIep-
rapaTupeonin3Ma, yTHI@] NMPOTEHHCKOT cTaryca -
andyMHMHa W yTHI] MOKpahHe KHCelnHEe Ha PasBoj
HEPUTOHUTHCA.

Pesyaratm 22 OojecHHKA Cy HMMaja jeIHYy, IIECT
OomnecHuka JBe, IiecT OoJleCHMKa TPU U IIECT
OoJieCHMKa BUIIE Of TPH €MH30€ IMEPUTOHHUTHCA.
Paznuka y cpenmuM BpeqHOCTUMA OpOja epUTPOLIUTa,
XeMOTJTIO0MHA, XeMaTOKpHTa, TBoxkNa, andymuHa, 1u-
JACTOJIHOT TIPUTHCKA, CHUCTOJHOT TpHUTHUCKa u3Mehy
TanyjeHaTa ca IepUTOHNTHCOM M OHHX 0e3 mera Ouiie
cy cratuctiiku 3Ha4ajue (p < 0,05). Pasnmuka y cpen-
BUM BpeaHoctuMa kamujyma (Ca), docdopa (P),
CaxPOs, BpeaHocTn MoKkpahHe KucelnHe, mapaTxop-
MOHa, aJIeKBATHOCTU IEpPUTOHEANIHE IHjajiu3e, CHC-
TOJTHOT NPHUTHCKA HUCY OWMIIE CTATUCTHYKHU 3HAYajHE
(p > 0,05). UnunmeHia MepUTOHUTHCA W CMPTHH
ucxon Hucy nose3anu (p = 1,000).

3akbyyak IlepuToHMTHC TIpeACTaBiba HAJTEXKY
KOMIUIMKAIMjy TEpUTOHEYMCKE nujaiuse. AHeMHja,
HYTPUTHBHH CTaTyc cy (akTOpH pU3UKa KOjU yTHUYy
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INTRODUCTION
Peritoneal dialysis is one of the methods for treating patients in the terminal phase of renal failure
(end-stage renal disease) in addition to hemodialysis and kidney transplantation [1]. Peritonitis is the
most severe and most common complication of peritoneal dialysis, while severe, prolonged
peritonitis can functionally alter peritoneum, which permanently disables the use of peritoneal
dialysis [2]. Acute peritoneal dialysis is associated with high incidence of peritonitis (0.5-4%), and
in late 70s, the incidence of peritonitis in patients with chronic peritoneal dialysis was 6 episodes per
year [1, 2]. Sterile peritonitisis non-infectious peritonitis due to the leakage of sterile body fluids
into peritoneum (blood, gastric acid, bile, urine, pancreatic secretion) [2]. The symptomatology of
peritonitis is linked to the causal trigger, as an entity of inflammation and/or diseases [2]. The
knowledge of pathogenesis of infections associated with peritoneal dialysis, possible sources and
reservoirs of potential causes are the basis for defining effective protocols, i.e. guidelines for the
prevention and control of infections associated with peritoneal dialysis [3, 4]. Infection of catheter
exit site and "tunnel” infection are the basic types of the infections [5]. In spite of technological
innovations (automatic peritoneal dialysis) in the field of cysts and solutions for peritoneal dialysis,
better patient education, introduction of preventive measures, peritonitis remains the leading
complication of peritoneal dialysis [6]. It is manifested by: diffuse sensitivity of abdominal wall
(70%), blurring of dialysis fluid with leukocytes >100/mm? (granulocytes>50%) and isolation of the
dialysis fluid causative agent. For initial diagnosis of peritonitis, two of the three listed criteria must
be satisfied by guidelines [6]. The most common causes of peritonitis in patients on peritoneal

dialysis are Gram™ microorganisms (50%): Staphylococcus coagulasa negative, Staphylococcus
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aureus, Streptococcus sp, Neisseria sp. Gram™ microorganisms are present (15%): Pseudomonas sp,
Enterococcus, Klebsiella sp, Proteus sp, Acinetobacter sp Polymicrobial infections. Gram* and/or
Gram™ microorganisms are represented by 1-4%, while fungal infections are less frequent <2% [7, 8,
9]. The microbiological diagnosis of peritonitis implies: the dialysate culture should be taken before
susceptible peritonitis, and the first blurred bag is the best sample (50 ml of dialysis); delaying a few
hours from the sampling time to the time of planting; staining of Gram-sediment from the dialysis
bag proves the presence of microorganisms in 20-30% of cases; microbiological cultivation of a
dialysis sample for determining the cause, and antibiotic therapy [10]. Laboratory signs of peritonitis
in patients on peritoneal dialysis are: >100 Le/mm?®and neutrophil-dominance (>50%); lymphocyte
domination in fungal peritonitis; tunnel infection (10%) and less than <100 Le/mm®); leukocytosis
10000-15000 Le. [11]. "Tunnel" infection of the exit site may be affected by erythema, edema and
skin sensitivity above the pathway of catheter. Many authors have evaluated the role of various
catheter implantation techniques and catheter types in lowering the risk of peritonitis in patients [12,
13]. Indications for catheter removal are: refractory peritonitis; relapse peritonitis; peritonitis
associated with infection of catheter exit site, ie "tunnel™ infection; fungal peritonitis; repeated
peritonitis caused by: mycobacteria or multiple enteric microorganisms [14]. After the adequate
diagnoses of peritonitis (recommended criteria for diagnoses), it is decided to treat it with
appropriate antibiotics: first empirical therapy, and later it is adjusted to atibiogram [15]. The
duration of therapy, if the effluent is rapidly clear, is about two weeks. In cases where the response
to therapy is not adequate, the removal of the peritoneal catheter is advised during five days of the
treatment [15]. The aim was to analyze the incidence of peritonitis and to determine the differences

between patients with and without peritonitis and catheter infection.
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METHODS

Patients

Retrospectively, 84 patients (55 women middle age: 59.9 minimum 34-maximum 86 years and 29
men middle age: 63.06 minimum 36-maximum 79 years) were treated with the treatment of
continuous ambulatory peritoneal dialysis from 2012 to 2016 at Center for Nephrology and Dialysis
et Clinical Center Kragujevac in Kragujevac, Serbia. The study was performed in-accordance with
the Declaration of Helsinki, with the approval of local ethics committee on human research (Clinical
center of Kragujevac, Serbia) and informed consent was obtained from each study participant. The
diagnosis of peritonitis was made in accordance with the recommended guidelines from the above
references. All patients started treatment with empirical therapy according to the guidelines for the
treatment of peritonitis in patients on peritoneal dialysis, or if it was relapsed to earlier sensitivity,
and upon the arrival of the dialysate culture, the antibiotic was changed to the antibiogram.
Peritonitis was treated fortwo to three weeks depending on the cause and rate of withdrawal
symptoms (one peritonitis was treated for more than three weeks with the protection of a fungi, two

episodes caused by the Candida were recorded).

Clinical parameters
The diagnosis of peritonitis was based on the clinical picture e.g. turbid dialysis fluid, abdominal

pain, sensitivity of the abdomen to palpation, high body temperature, vomiting, fever and diarrhea.

Laboratory parameters

The number of leukocytes in sediment of dialysate, the findings of peritoneal dialysis culture and the
signs of inflammation such as C-reactive-protein (CRP), the number of leukocytes, etc. Our analysis
included: the most common causes, the outcome of treatment, the influence of the length of

treatment, the influence of peritoneal dialysis adequacy, the influence of anemia, the influence of
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iron status, the influence of secondary hyperparathyroidism, the influence of protein status
(albumin) and the effect of acid uricum on the development of peritonitis. Preliminary results were
known after two to three days, definitive after five days of sowing. CRP was determined by an
immune-nephelometric assay (Dade-Behring, BN Il, Marburg/Germany). Hematological parameters
(anemia, nutritional status) were determined using LH750 hematologic analyzer (Beckman Coulter

Inc., California/USA).

Adequacy of peritoneal dialysis

Adequate chronic peritoneal dialysis implies a prescribed dialysis procedureto ensure a good quality
of life of the patient, the absence of physical problems and morbidity and mortality, which are
similar to those of the healthy population. The most commonly used parameter for the minimum
acceptable weekly values of Kt/V that indicates creatinine clearance according to the American
NKF-dogi recommendations (National Kidney Foundation Dialysis Outcome Quality Initiatives) in
patients on CAPD are 1.7 L, or 60L/1.73 m2. For patients on CCPD and NIPD, given their
intermittent character, the mentioned values are even higher, and are 2.0L or 2.2L, and for creatinine
clearance 63 or 66L/1.73 m2 [20, 21].

The statistical methods included: the mean values of numerical variables between two populations
using Student’s t-test and Mann-Whitney test; the categorical variables using chi-squared test for
contingency tables and Fisher test, too. This article presents the measures of descriptive statistics:

arithmetic mean, standard deviation, frequency and percentages.

RESULTS
In the period of observation, peritonitis was diagnosed in 40 (47.6%) patients, while 18 (21.4%)
patients did not have peritonitis and 26 (31%) had "sterile™ peritonitis in rest (55 women and 29 men;

middle-aged of 61.48+2.81 years). Gender, age and occurrence of peritonitis were not statistically
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related (p=0.624; p=0.631). Also, the duration of peritoneal dialysis was not correlated with the
occurrence of peritonitis (Table 1).

The most common causes of peritonitis in our patients were: Staohylococus aureus (18),
Staohylococus coagulase negative (10), E.Colli (6), Pseudomonas aeruginosa (3), Enterococcus sp
(3), while other causative agents were rarely represented (Table 2).

Nine infections of the outlet were identified during the analyzed period, four-of them were associated
with peritonitis. The most common causes of infection were Staohylococcus aureus (4 patients),
Staohylococcus coagulase negative (2 patients), Pseudomonas aeruginosa (1 patient), Enterobacter
(1 patient), Achromobacter xylosooxidans (1 patient) (Table 3).

Number of peritonitis: 22 patients had one, 6 patients with two, 6 patients with three and 6 patients
with more than three episodes of peritonitis, Figure 1.

The difference in mean values of the number of erythrocytes, hemoglobin, hematocrit, iron,
albumin, diastolic pressure, systolic pressure between patients with peritonitis, and those

without it, statistically were significant and showed in Table 4 (p<0.05). The difference in

mean values of calcium (Ca), phosphor (P), CaxPOgs, uricum value, parathormone, peritoneal
dialysis adequacy, systolic pressure were not statistically significant (p>0.05).

The incidence of peritonitis and death were not associated (Table 5, p = 1.000). However,
mortality by binary logistic regression was shown to be statistically significantly influenced

by the following factors: treatment length, heart rate - pulse, erythrocyte, hemoglobin and

urea values (Table 5, p<0.05). Multivariate binary logistic regression showed a simultaneous
effect of multiple variables on mortality (erythrocyte count (p = 0.016), iron (p = 0.018) and

urea (p = 0.004)). The risk ratio for erythrocyte count is 0.127 (0.024 - 0.681). The risk ratio

for iron is 0.618 (0.416 - 0.920). The risk ratio for urea is 1.253 (1.053 - 1.282). With the
simultaneous influence of heart rate, erythrocyte count, iron and urea on death, the influence

of heart rate is not statistically significant.
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Also, mortality by cross tabulation was shown to be statistically significantly influenced by
primary disease i.g. patients how had diabetes mellitus were have statistically significantly

increased mortality Table 6.

DISCUSSION

During analyzed period, 84 patients were treated with peritoneal dialysis, 40-of them had 80 episodes
of peritonitis, which is more than the recommended and by the newest guidelines. The most common
causes of peritonitis in our patients were: Staphylococcus aureus, Staphylococcus coagulasa
negative and Escherichia coli. The incidence of peritonitis decreases was in-1 for 8 and 24 months of
the treatment. The significance of peritonitis prevention, quality patient training for independent
examination of treatment technique, technological innovations in field of cysts and solutions further
reduce the incidence of peritonitis. The incidence of peritonitis in patients in Canada was 1 episode
at 26 patient-months (1996-2005) [16].

In France, 1 episode was in 29 patient-months (2000-2007) [17]. In the United Kingdom, 1 episode
was in 14 patient-months (2002 -2003) [18]. In Latin America, the incidence of peritonitis was 1
episode in 26 patient-months [19]. "Sterile" peritonitis or culture-negative peritonitis (25.8%) was
more commonly reported in our patients, than in patients of other authors - Szeto CC et al (17.9%)
[20]. The other peritonitises were rarely represented as Streptococcus-peritonitis (10.3%),
Pseudomonas-peritonitis (6.9%), Enterococcus-peritonitis (4%), E. coli-peritonitis (3.4%) [21]. In
our patients, the peritonitis caused by Pseudomonas were less common than reported by Szeto CC,
who found 13.2% peritonitis caused by this causative factor. Szeto CC et al [20, 21] found 9.5% of
peritonitis associated with infection of the exit site, in the peritonitis caused by Staphylococcus
coagulase negative, 24.5% in Staphylococcus aureus-induced peritonitis [21] and 45.2% in
Pseudomonas-induced peritonitis [22]. The most common causes of infection of peritoneal catheter

exit site were Staphylococcus aureus in four patients, and Staphylococcus coagulase negative in two
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patients [22]. In our patients, there were fewer outbreaks of infection during the analyzed period,
compared to the other authors, and in particular associated with severe peritonitis. In Australia,
Govindarajal et al [23] found 14% of peritonitis caused by Staphylococcus aureus. In our patients,
the frequency of peritonitis caused by Staphylococcus aureus was 9.9%, because it is cause of severe
peritonitis with worse prognosis. In Australian patients [23], Pseudomonas infections were less
common (2.1%), with E. coli (6.3%) and Klebsiella (4%) more often than in-our patients. Fungal
infections were not frequent in our center: only two patients had this infection (1.1%), while experts
in Australia accounted for 3.1% of fungal peritonitis [23]. A particular problem in all patients on
dialysis is anemia [24]. Previous studies showed that patients on peritoneal dialysis had anemia, but
less pronounced anemia syndrome than patients on the treatment of repeated hemodialysis. This
beneficial effect of peritoneal dialysis can be explained by higher erythropoietin concentrations,
reduced concentration of erythropoiesis-inhibitors and higher quality of nutrition (respectively
nutritional status). It is now believed that significant difference in severity of anemia among patients
on treatment with peritoneal dialysis and hemodialysis was associated with better clearance of
middle molecules, which are essential inhibition factors of the same [24, 25]. During the five-year
analyzed period by examining impact of anemia on development of peritonitis, we found that anemia
was significant risk factor for the development of peritonitis. The other factors that increase risk of
peritonitis include: age, diabetes mellitus, obesity, cardiovascular disease, depression, catheter
linkage and/or catheter infections [26]. Prevention of peritonitis associated with peritoneal dialysis
represents the high treatment priority [27]. Clinical practice patterns are very different today.
Intravenous vancomycin may reduce risk of early peritonitis and peri-opertative treatments.
Antifungal prophylaxis with oral nystatin or oral fluconazole may also reduce risk of fungal
peritonitis. Another antimicrobial therapy hasn’t shown the adequate efficacy [27]. In Japan,
developing effective outpatient protocols for peritonitis treatment and ready and prompt access to

home-administered intra-peritoneal antibiotics may reduce the costs associated with peritonitis
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treatment and PD therapy. [28]. The authors suggest that biological status of iron in patients on
peritoneal dialysis may be a risk factor for the development of infectious peritonitis (improving
growth of bacteria through transferring-iron) [29]. Also, in cording with our results about influence
peritonitis on mortality Tekkarismaz et al was shown that peritonitis did not reduce patient survival

[30].

CONCLUSION

In five-year of analyze period, 84 patients were treated with peritoneal dialysis and 40 patients had
80 episodes of peritonitis. Anemia, nutritional status, biological status of iron and protein status
(albumin) were risk factors which influenced on the development of peritonitis in our patients with
peritoneal dialysis. Secondary hyperparathyroidism (Ca, P, CaxPO4, parathormone), increased acid
uricum and the length of peritoneal dialysis treatment or the adequacy of dialysis had no statistically
significant effect on the development of peritonitis in our patients who were treated with peritoneal

dialysis.
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Table 1. Demographic characteristics of patients with and without peritonitis

Parameters With peritoniti{ Without peritoni{ p
Gender

Male () ;i %0 0.565
Female (n)

Age mean +st.dev. |61.6+129 62.2 +14.2 0.998

Duration of peritoned
dialysis (n of months)
Primary disease

Diabetes mellitus (n) | 13
Hypertension (n) 18
Other disease (n) 9 2

38.3+27.4 37.7+32.1 0.976

o

>0.05

[ep}
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Table 2. Distribution of microorganisms isolated from the peritoneum of patients on

peritoneal dialysis

Causative agents of infection N %
Staphylococcus aureus 18 45
Coagulasa negativni staphylococcus 10 25
E. coli 6 15
Pseudomonas sp. 3 7.5
Enterococcus 3 7.5
Total 40 | 100
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Table 3. Causes of infections catheter exit site of peritoneal catheter in patients

Causative agents of catheter | Number of catheter | Percentage
exit site infection outlet infections
Staphylococcus aureus 4 44.5
Staphylococcus spp 2 22.2
Pseudomonas 1 11.1
Enterococcus 1 11.1
Achromobacter xylosoxidans 1 11.1
Total 9 100
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Table 4. Variables that affect the occurrence of peritonitis

16

Variables With peritonitis Without peritonitis p

Erythrocyte 3.09 £ 0.68 3.67 £0.97 0.013**
Hemoglobin 97.45+11.70 106.47 + 15.977 0.021**
Hematocrit 0.28 £ 0.40 0.34 £ 0.07 0.005***
Iron 10.04 £4.13 12.51 £ 4.04 0.004***
Albumin 25.13+5.12 30.59 £ 5.33 0.001***
Diastolic pressure 73.12+11.59 78.59 + 6.86 0.036**
Systolic pressure 124.95 + 28.64 140.59 + 18.78 0.044**
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Table 5. Variables that affect mortality
Variable Fatal outcome 0 Fatal outcome 1 ;tatIStICS _
Mean (SD) Mean (SD) statistics Sig. P
Treatment length | 43.86 (29.80) 14.86 (10.65) -2.497 0.013**
Pulse 85.25 (20.21) 73.38 (9.12) -2.441 0.015**
Erythrocyte 3.41 (0.86) 2.77 (0.29) -3.995 0.000***
Hemoglobin 102.02 (1379) 93.77 (11.28) -2.143 0.032**
Urea 15.96 (6.72) 24.27 (7.98) -2.986 0.003**
Albumin 11.48 (4.19) 8.37 (3.51) -1.875 0.061
Iron 27.59 (5.70) 23.83 (4.97) =1.821 0.069
o n of patients n .Of patients
Peritonitis . without fatal
Yes with fatal outcome outcome 1.000%
11
No 4 29
13
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Table 6. Primary disease that affects mortality

18

Primary disease Fatal outcome Survival p
number of patients number of patients

Diabetes mellitus 10 12 0.05*

Hypertension 5 19 0.075

Other disease 0 53 > 0.05
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Figure 1. Number of patients with number of episodes of peritonitis
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