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�� INTRODUCTION

Peritonitis is a common and major complication of peritoneal dialy-
sis (PD), leading to structural and functional alterations in the perito-
neal membrane, and thereby to membrane failure and conversion to 
hemodialysis (HD) 1. Peritonitis is diagnosed when at least two of the 
following criteria are present: (1) clinical features consistent with 
peritonitis, e.g. abdominal pain and/or cloudy dialysis effluent; (2) 
dialysis effluent white cell count > 100/μL or > 0.1 x 109/L (after a 
dwell time of at least 2 hours), with > 50% polymorphonuclear; and 
(3) positive dialysis effluent culture1. Antibiotic treatment should be 
started once diagnosis is established, with intraperitoneal (IP) antibiot-
ics the first choice.

Relapsing peritonitis is defined by an episode that occurs within 
four weeks of completion of therapy for a prior episode of perito-
nitis caused by the same organism or one sterile episode. Repeat 
peritonitis is an episode that occurs more than 4 weeks after com-
pletion of therapy for a prior episode of peritonitis caused by the 
same organism1. It is thought that there is a colonization of the 
peritoneal dialysis catheter by bacteria that create a biofilm, 

leading to refractory or relapsing peritonitis 2‑4. These peritonitis 
episodes are associated with a lower rate of cure, more frequent 
ultrafiltration problems, and higher rate of technique failure 1,5. 
The use of fibrinolytic agents has been considered for refractory 
or relapsing peritonitis. The rationale for the use of fibrinolytic 
agents is that bacteria are trapped in fibrin within the peritoneum 
and/or the Tenckhoff catheter, protecting them from antibiotic 
action 4. Prior studies by electron‑microscopy have found that viable 
organisms were trapped within extracellular material (glycocalyx 
and/or fibrin) associated with the catheter 6. If fibrin is lysed, bac-
teria are released and become vulnerable to antibiotic therapy by 
increasing biofilm permeability and the antibiotic penetration. 
However, trials have failed to show any benefit of IP urokinase in 
the treatment of refractory peritonitis 2‑4. The International Society 
of Peritoneal Dialysis (ISPD) still recommends catheter removal in 
refractory and relapsing peritonitis 1.

Alteplase is a thrombolytic agent, a tissue plasminogen activator 
(tPA) produced by recombinant DNA technology, converting plasmi-
nogen to plasmin. Alteplase binds to fibrin in a thrombus and converts 
the entrapped plasminogen to plasmin, initiating local fibrinolysis 7. 
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�� ABSTRACT

Introduction: Peritonitis is a common complication in peritoneal dialysis, playing a weighty role in patient morbidity and a major cause of 
transfer to hemodialysis Relapsing or repeat episodes are associated with the development of a biofilm‑trapping bacteria, and catheter removal 
is recommended in these cases. Since October of 2013 our peritoneal dialysis unit has developed a protocol that adds a fibrinolytic agent to 
an intraperitoneal antibiotic, aiming to reduce the number of relapsing/repeat episodes.

Objective: To demonstrate the efficacy and safety of associating a fibrinolytic agent to intraperitoneal antibiotics in the prevention of 
relapsing or repeat peritonitis.

Methodology: Observational study comparing the number of relapsing/repeat peritonitis events between two groups during a four‑year 
period: a historic one, treated with intraperitoneal antibiotics only (control group) and one group that received an association of intraperitoneal 
antibiotics with alteplase (alteplase group). Secondary and fungi peritonitis were excluded from this study.

Results: During the study period, a total of 103 peritonitis episodes were registered (control group: 61 episodes; alteplase group: 42 epi-
sodes) corresponding to 17 relapsing/repeat events, with statistical significance between groups (control group: 15 episodes (24.6%); alteplase 
group: 2 episodes (4,7%); p=0.008). There was no difference in demographic characteristics or the presence of exit site infection between the 
groups. The microorganisms most frequently involved in relapsing/repeat episodes were S.epidermidis and E.coli. Regarding the outcomes of 
the treatment, no patient in the alteplase group had to undergo catheter removal due to relapsing/repeat episodes of peritonitis. There were 
no adverse events following alteplase administration. Three deaths due to peritonitis‑related sepsis were registered.

Conclusion: Although relapsing/repeat peritonitis are still an important cause of catheter removal, this study demonstrates the potential 
benefit of fibrinolytic association with intraperitoneal antibiotics in preventing these events and potentially reducing modality drop‑out.
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Its use is recommended in obstructed HD and PD catheter, restoring 
the patency of the lumen 8,9. The most serious adverse events reported 
after treatment with alteplase were bleeding from gastrointestinal 
tract 7.

Before October 2013, in our department, peritonitis episodes were 
treated only with intraperitoneal antibiotics. Since then, a protocol 
has been established that adds a fibrinolytic agent (alteplase) to the 
IP antibiotics.

The aim of this study was to evaluate the efficacy and safety of an 
intraperitoneal fibrinolytic agent in the prevention of repeat or relaps-
ing peritonitis rate.

�� MATERIAL AND METHODS

Observational study from October 2013 to December of 2017, 
comparing the number of relapsing/repeat peritonitis since the 
alteplase protocol was initiated – alteplase group (AG), with historical 
data for the same time period (2009 to October of 2013) – control 
group (CG).

Diagnosis of peritonitis was established according to ISPD guide-
lines1 and IP empiric antibiotherapy was initiated with ceftazidime 
and cefazolin, in both groups. Antibiotic adjustments were made as 
soon as the bacterial agent was isolated, and the length of treatment 
was established following ISPD guidelines 1. Fungi and secondary 
peritonitis were excluded from our study.

Patients in the AG received IP alteplase on day 3 (5mg) and day 
10 (7.5mg) of every peritonitis episode. After infusion of dialysis 
solution with antibiotics in peritoneal cavity, alteplase was diluted 
in 5 to 7.5cc of distilled water and was instilled into the Tenckhoff 
catheter, which was clamped for 2 hours. After a 2‑hours perma-
nence, the catheter was washed with 10 to 20cc of normal saline 
solution.

Statistic data were evaluated with SPSS 22 using Chi square for 
categorical data and Student’s T‑test for continuous variables.

�� RESULTS

During the evaluation period, 103 peritonitis episodes were con-
sidered [42 (40.78%) in the AG and 61 (59.22%) in the CG] in a total 
of 51 patients (22 from AG and 29 from CG) (Table I).

There was no significant difference in the demographic character-
istics between the two groups. The time on PD was about the same, 
as was the prevalence of diabetes in both groups [AG: 11 (50%); CG: 
9 (31%), p=0.17). As for other risk factors for peritonitis and exit site 
infections, there was no statistical difference between the groups (AG: 
3 (7.1%), CG: 2 (3.3%), p=0.18) (Table I).

Most patients in both groups were on automated peritoneal dialysis 
(APD) (Table I). In the control group, most of the relapsing/repeat 
episodes occurred on APD [AG: 0 (0%) vs. CG=13 (86.7%)], while in 
AG, both relapsing events occurred on continuous ambulatory peri-
toneal dialysis (CAPD) (Table I).

Most peritonitis episodes were caused by Gram positive bacteria, 
the most common in both groups being S.epidermidis [AG: 15 peri-
tonitis (35.7%); CG:14 peritonitis (22.9%)] (Table II). E. coli was the 
most frequent Gram negative agent in the control group; in the 
alteplase group there was no predominance of any Gram negative 
bacteria agent (Table II).

Two (AG) and 15 (CG) episodes of relapsing/repeat peritonitis were 
recorded (Table I), showing an important decrease in the number of 
relapsing/repeat episodes of peritonitis since the beginning of the 
use of alteplase [AG: 4.7% vs. CG 24.6%, p=0.008).

In the alteplase group, the relapsing/repeat episodes were caused 
by S. epidermidis, while in the control group, other agents were respon-
sible for relapsing/repeat peritonitis episodes (S. epidermidis, E. coli, 
S. aureus, Corynebacterium spp, St viridans, and S. haemolyticus) (Table 
III). In the control group, one of the episodes was a sterile peritonitis 
(Table III).

Regarding outcomes, there was no difference between the 
groups in peritonitis‑related hospitalization (AG: 12 (28.6%), CG: 

Table I

Number of peritonitis, relapsing/repeat episodes and patients’ demographic characteristics. Numbers are given as absolute or mean ± standard deviation.

Alteplase Group Control Group p value
Peritonitis episodes (n) 42 40.78% 61 59.22% –
Relapsing/repeating episodes (n) 2 4.7% 15 24.6% 0.008
Patients with peritonitis (n) 22 43.1% 29 56.9% –
Patients on APD (n) 13 59.1% 21 72.4% 0.32
Relapsing peritonitis in APD (n) 0 0% 13 86.7% –
Men (n) 16 72.7% 22 75.9% 0.79
Age (in years) 65.78±13.79 57.6±17.33 0.14
Diabetes (n) 11 50% 9 31% 0.17
Time in peritoneal dialysis (in months) 25.02±17.08 – 23.12±17.98 – 0.31
Individuals with prior peritonitis episodes (n) 10 45.4% 17 58.6% 0.3
Exit site infection association (n) 3 7.1% 2 3.3% 0.37
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19 (31.1%) p=0.8) (Table IV). The number of patients whose PD 
catheter was removed was higher in the control group (n=8) than 
in the alteplase group (n=5), but with no statistical significance 
(Table IV). Regarding catheter removal, in the control group, three 
were due to relapsing/repeat peritonitis episodes while in the 
alteplase group no patient had catheter removal for that reason 
(Table IV). However, these results had no statistical significance 

(AG: 0 (0%), CG:3 catheter removal due to relapsing/repeat episodes 
(4.9%), p=0.15)

Three deaths were registered, two in the control group and one 
in the alteplase group. In both groups the cause of death was septic 
shock related to peritonitis (Table IV).

No adverse event from the administration of alteplase was 
registered.

�� DISCUSSION

Peritoneal dialysis is an important therapeutic option for the man-
agement of end stage kidney disease and peritonitis is the major cause 
of morbidity related to this technique. For this reason, prevention 
and treatment of this complication is an extremely important issue. 
Historically there was a reduction in the rate of peritonitis caused by 
Gram positive organisms after the introduction of the Y‑set and the 
double bag disconnection system 10.

The use of fibrinolytic agents in peritonitis has been discussed and 
its use is recommended for de‑obstruction of the peritoneal catheter 
9. However, the evidence that fibrinolytic agents improve the outcomes 
of relapsing peritonitis is poor, failing to show any benefit of IP uroki-
nase in the treatment of refractory peritonitis 2‑4. However, there are 
some case reports and single‑center uncontrolled series using uroki-
nase which showed that the addition of this fibrinolytic to IP antibiotics 
in patients with relapsing peritonitis due to coagulase‑negative staphy-
lococci could eradicate the organism 11. In 2004, in a single‑center 
study12, tPA was administrated to five patients with relapsing perito-
nitis due to S. epidermidis and in three of them there was no recur-
rence 12. More recently, a pre‑clinical research study demonstrated 
that alteplase was stable in standard dialysate solutions and in the 
presence of antibiotics, and safe when given intraperitoneally in a 
mouse model, with no evidence of local or systemic toxicity 13. This 
same study concluded that alteplase may have a role in the manage-
ment of PD peritonitis 13.

Before October 2013, our unit used only IP antibiotics for the treat-
ment of peritonitis. On October 2013 we started adding alteplase, a 
fibrinolytic agent, to reduce the incidence of relapsing or repeat peri-
tonitis. This agent was administered on the third day, filling the catheter 
lumen, and on the tenth day in a larger amount to enter the peritoneal 

Table IV

Clinical outcomes of peritonitis episodes. Numbers are given as absolute

Alteplase Group Control Group p value
Number of peritonitis (n) 42 61 –
Catheter removal (n)
Relapsing/repeating episodes (n)
Catheter malfunction (n)
Modality transfer (n)

5
0
1
4

11.9%
0%

2.4%
9.5%

8
3
1
4

13.1%
4.9%
1.6%
6.6%

0.85
0.15
0.79
0.58

Hospitalization (n) 12 28.6% 19 31.1% 0.8
Deaths (n) 1 2 –
 

Table II

Distribution of causative agents of peritonitis

Alteplase Group Control Group
Peritonitis episodes (n) 42 61
Microorganisms

S. Epidermidis
S. Aureus
Corynebacterium spp.
E. coli
St. viridans
S. haemolyticus
S. pasteuri
S. hominis
St. salivarius
St. GrB – βhaemolyticus
Neisseria spp
Enterococcus faecalis

Others
Sterile

15
1
1
1
2
1
1
1
1
2
2
0
7
7

14
9
6
5
8
6
0
0
0
0
0
2
4
7

 

Table III

Microorganisms causing relapsing/repeat peritonitis

Alteplase Group Control Group p value
Relapsing/repeating episodes (n) 2 15 0.008
Microorganisms

S. Epidermidis
S. Aureus
Corynebacterium spp.
E. coli
St. viridans
S. haemolyticus

Sterile

2
0
0
0
0
0
0

3
2
2
4
1
2
1

–
–
–
–
–
–
–

 



Port J Nephrol Hypert 2019; 33(1): 10-13    13

cavity, and destroy all adherences. Similarly to that reported in previ-
ous studies 12, we also registered no adverse event related to alteplase 
administration.

Analyzing the results showed an important reduction in the number 
of relapsing peritonitis since we started using alteplase [AG:2 (4.7%) 
vs CG: 15 (24.6%), p=0.008) so our belief is that the use of fibrinolytic 
agent enhanced the antibiotics’ penetration and action.

Most of the peritonitis episodes are due to technique errors, so 
they are expected to occur more often at the beginning of the tech-
nique 10. Nevertheless, in both groups the time from starting PD until 
the peritonitis episodes was on average over 20 months. These data 
can reinforce the importance of a periodical revaluation of the patients’ 
technique.

According to the literature, the rates of peritonitis on APD and on 
CAPD are not generally different 14. In our study, most of our patients 
are on APD, with a high prevalence of peritonitis in both groups [AG: 
13/22 (59.1%); CG: 21/29 (72.4%); p=0.32] (Table I).

As in the work by Zelenitsky et al (2000) 15, in our population, 
peritonitis was caused most commonly by Staphylococcus epidermidis 
and E.coli was the most prevalent of the Gram negative agents15. In 
our study, these agents were also the ones associated with more 
relapsing episodes (Table III).

Although there was no statistical difference between groups, there 
was a reduction in the number of hospitalizations and catheter removal 
in the AG (Table IV).

Comparing catheter removal between groups, three of the eight 
removals in the CG were due to relapsing/repeat peritonitis (assuming 
catheter colonization), while none of the five removals in the AG was 
for that reason (AG: 0%, CG:4.9%, p=0.15) (Table IV).

Regarding the number of hospitalizations [AG: 12 (28.6%), CG: 19 
(31.1%), p=0.87], most of them lasted only a day or two to reinforce 
patients’ education and ensure the safety of the technique (Table IV).

Three deaths were registered in total, two in the control group 
and one in the alteplase group. All of them were due to septic shock 
due to peritonitis. The agents involved were Klebsiella pneumoniae, 
Corynebacterium spp. and E.coli multi drug resistant (MDR), 
respectively.

Despite the small study size, we found a significant reduction of 
relapsing/repeat peritonitis episodes with the introduction of the 
alteplase protocol. We acknowledge some limitations: being a retro-
spective study, comparing the results with historical controls, it does 
not take into consideration other developments in clinical practice 
(e.g. more frequent reinforcement of PD technique). However, sub-
sequent relapsing/repeat peritonitis events are a hard end‑point that 
are not open to interpretation and were significantly lower after the 
use of fibrinolytic agents.

�� CONCLUSION

Although ISPD still recommends catheter removal for relapsing 
peritonitis 1, and despite the small study size, our study suggests that 
fibrinolytic agents may play a role in preventing relapsing or repeat 
peritonitis when associated with IP antibiotics, thus potentially reduc-
ing the need to remove the catheter and drop‑out from PD program. 
The role of fibrinolytics in increasing biofilm permeability may facilitate 
antibiotics’ penetration, reducing the number of relapsing/repeat 
episodes. It is important to record that no adverse event from the 
administration of fibrinolytics was registered; thus alteplase admin-
istration seems to be safe in PD.

Disclosure of potential conflicts of interest: none declared.
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