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Abstract

Background Causes of non-resuming peritoneal dialysis (PD) after complicated peritonitis requiring peritoneal catheter
(PC) removal remain poorly studied.

Methods We reviewed all peritonitis episodes in our center between 1997 and 2017. Patients who restarted PD after PC
removal (Group 1) were compared to those who did not (Group 2), identifying the causes.

Results Of 284 peritonitis episodes, PC was removed in 48 patients (16.9%). In 18 (37.5%) patients PC was reinserted, and
PD successfully resumed in all, with a median duration of PD afterwards of 14.1 months. In other 30 (62.5%) reinsertion
of PC was not attempted. Causes of non-reinsertion were: transfer to hemodialysis 76.6% (n=23), death 16.7% (n=5)
and transplantation 6.7% (n=2). Hemodialysis switch was due to non-medical reasons in 47.8% (n=11) including fear of
peritonitis, family decision and social dependence. Group 1 was younger (p =0.041), with lower Charlson index (p =0.045)
and higher men proportion (p =0.049). Group 1 had a better patient survival than group 2 (survival at 24 months: 67% and
53%, respectively; log-rank test p: 0.01). There were no differences in survival between groups when adjusted for significant
basal characteristics.

Conclusions Resuming PD after severe peritonitis requiring PC removal is feasible but a high proportion of patients do not
restart PD for non-medical reasons, usually older patients with higher Charlson index. A properly structured interview would
be a useful tool that could improve return to technique in these patients.
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Introduction According to the International Society for Peritoneal

Dialysis (ISPD) committee guidelines, PC removal is indi-

Despite advances in peritoneal dialysis (PD) aimed at reduc-
ing the incidence of infectious complications [1-3], perito-
nitis remains an important cause of morbidity and mortality
[4, 5] and a major cause for permanent switch from PD to
hemodialysis (HD) [6, 7].

Although antibiotic therapy is usually effective, perito-
neal catheter (PC) removal is necessary in up to 16—-18%
of peritonitis episodes due to complicated peritonitis not
responding to antibiotic therapy [8, 9].
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cated in cases of refractory, relapsing and fungal peritonitis,
as well as in cases of refractory exit-site and tunnel infection
[10, 11]. PC removal may also be considered in cases of
repeated peritonitis, mycobacterial and polymicrobial peri-
tonitis. In line with international recommendations, PD can
afterwards be resumed after a minimum of 2-3 weeks [12].
Unfortunately, previous studies have demonstrated that
very few patients with a PD catheter removed due to perito-
nitis eventually return to PD and only half of them remain
on PD after 2 years [13]. Enormous clinical, psychological,
social and economic implications emerge from this fact.
While guidelines provide useful recommendations for
PC removal and time of reinsertion, little is known about
the outcomes of patients resuming PD under these circum-
stances. Furthermore, studies specifically aimed at identify-
ing the causes of non-reinitiating PD following PC removal
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are lacking. The present study was designed to examine
these unanswered issues.

Materials and methods
Case selection

Our center is a tertiary care teaching hospital attending a
population of approximately 550,000 people in Madrid,
Spain. From January 1997 to December 2017, both included,
our unit had 332 patients on PD.

We retrospectively analyzed all PD peritonitis episodes
treated in our center from January 1997 to December 2017.
All cases in which the PC was removed due to peritonitis
that did not respond to standard antimicrobial treatment were
identified.

PD catheters removed for other reasons such as ultrafiltra-
tion failure, leakages and following successful renal trans-
plantation were not included.

Patients’ demographic features and clinical parameters,
including gender, cause of end-stage renal disease, comor-
bidities, age at the time of peritonitis, time spent on PD
preceding peritonitis episode and causative organism, were
obtained. All data were collected from our local computer-
ized Renal Registry and from patient’s records.

Patient management

ISPD committee guidelines for diagnostic criteria and man-
agement of PD peritonitis, including catheter removal crite-
ria were followed [10].

Peritonitis episodes were treated with our center standard
antibiotic protocol, which included intraperitoneal vancomy-
cin combined with aminoglycoside, tailoring to appropriate
antimicrobial therapy following culture results. In general,
antibiotics were maintained for 14-21 days depending on the
organism and antifungal therapy for 4-6 weeks. One patient
with tuberculous peritonitis was treated with antituberculous
drugs following guidelines [13].

Catheter was removed only in cases of complicated peri-
tonitis failing to respond to medical therapy, which included
refractory, relapsing, recurrent and repeated peritonitis or in
cases of fungal, mycobacterial and polymicrobial peritonitis.

Refractory peritonitis was considered as failure of perito-
neal fluid clearance (dialysis effluent white cell count > 100/
pL with> 50% polymorphonuclear) after 5 days of appropri-
ate antibiotic treatment [10].

Relapse was defined as an episode of peritonitis that
occurs within 4 weeks after completion of antibiotic therapy
for a prior episode by the same organism whereas it was con-
sidered as recurrent peritonitis if the organism was different.
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Repeated peritonitis was defined as a peritonitis that
occurs more than 30 days after completion of therapy by
the same organism that caused the prior episode, whereas it
was considered as reinfection if the organism was different.

The timing of Tenckhoff catheter removal varied indi-
vidually depending on the indication for removal. After
Tenckhoff catheters were removed, appropriate antibiotic
therapy was continued, and patients were switched to tem-
porary hemodialysis.

After PC removal, patients and their families received
structured information about renal replacement therapies and
the possibility of reinitiating PD in a bespoke interview with
a follow-up clinic to sort out patient’s questions and doubts.
We implemented a specific questionnaire during the second
interview to ask their reasons, as no standardized survey to
assess this matter exists nowadays. All doubts and informa-
tion given were recorded in our Renal Registry. With the
only exception of fungal peritonitis, which is a contraindica-
tion for PD resumption in our Center, the decision whether
to reinitiate PD was entirely up to the patient.

After patients had expressed willingness for PD, reinser-
tion of catheter was done after a minimum of 3 weeks after
its removal, predominantly by laparoscopy. PD exchanges
were initiated 14-21 days after placement of the new
catheter.

Patients who refused reinitiating PD were enquired
about the reasons of their decision in two structured inter-
views during follow-up and the information was written in
patient’s records and our Renal Registry.

Clinical outcome

Patients who restarted PD after PC removal were identified
(Group 1) and their demographic characteristics, comor-
bidities and clinical course were compared with those who
did not restart (Group 2). Among the last group, causes of
non-reinitiating PD were collected from a specific interview
done at the time and written in their records (specific reason
questionnaire).

Statistical analysis

Statistical analysis was performed by SPSS 21.0 for Win-
dows (SPSS Inc., Chicago, IL, USA). Results were expressed
as median and interquartile range for non-parametric con-
tinuous variables, and frequencies and percentage for cat-
egorical variables. Comparison of data between groups was
performed using the 4 test for categorical data and U test for
continuous non-parametric data. Univariate and multivariate
analyses were also done.

All probabilities were two tailed. p values <0.05 were
considered statistically significant. Survival curves were
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analyzed by the Kaplan-Meier method, compared by
log rank test and a Cox proportional hazard model was
performed.

Results
Demographics

Of 284 peritonitis episodes during the study period, PC was
removed in 48 patients due to peritonitis that did not respond
to standard antimicrobial treatment, which accounted for
16.9% of all peritonitis episodes in our center. The overall
peritonitis rate was 0.393 episodes per patient/year.

Of these, 18 (37.5%) resumed PD (Group 1) and 30
(62.5%) did not (Group 2).

The characteristics of the study cohort are shown in
Table 1. The median age of the study cohort was 60 years
[inter-quartile range (IQR) 47-70 years], and the median
Charlson index was 5 (IQR: 2—7). Most patients were male
(70.8%), non-diabetic and non-immunocompromised.

Chronic glomerulonephritis was the most prevalent cause
of end-stage renal disease (31.3%), followed by diabetic kid-
ney disease (12.5%), hypertensive disease (8.3%), polycystic
kidney disease (8.3%) and unknown causes (21%).

Most patients (64.6%) were on continuous ambulatory PD
and the median duration of PD before catheter removal was
24.5 months (IQR 14.2-40). The median number of peri-
tonitis episodes prior to catheter removal was 2 (IQR 1-3).

The microbiologic agents isolated were: S. aureus
(20.8%), Candida sp. (18.8%), P. aeruginosa (14.6%), other
Gram-negative bacilli (22.9%), mixed growth (8.3%), Myco-
bacterium sp. (6.3%) and other Gram-positive (2.1%). Nega-
tive culture was found in 6.3%. Table 2 lists the causative
organisms of peritonitis episodes.

Factors for successfully resuming PD and causes
of non-resuming PD

When compared with Group 2, we found that Group 1
was younger (p=0.041), had a majority of male patients
(»=0.049), and a lower Charlson index (p =0.045).

There was no significant difference between the two
groups in the underlying renal failure diagnosis or diabetic
status. There was also no difference in terms of previous
peritonitis episodes, initial choice of antibiotic regime,
prevalence of associated exit-site infection or duration of
PD prior to catheter removal. Except for fungus, organ-
isms causing peritonitis did not predict failure of Tenckhoff
reinsertion.

Table 1 Baseline characteristics Parameter

Cohort
N=48 (100%)

Group 1
N=18 (37.5%)

Group 2
N=30(62.5%)

Demographic and clinical data
Male gender (%)
Age (years)
DM2 (%)
Charlson index
Immunosuppression (%)
Underlying renal disease (%)
Glomerulonephritis
Diabetic nephropathy
Hypertensive
Polycystic kidney
Others
Unknown
Dialysis characteristics
Duration on dialysis (months)
CAPD (%)

Characteristics of peritonitis episodes

Early peritonitis ()
Previous peritonitis (1)

Exit site infection ()

34 (70.8) 16 (89.9) 18 (60) 0.049

60 (47-70) 52.5 (43.5-64) 64 (47.8-76) 0.041

9 (18.8) 3(16.7) 6 (20) 1

5(2-7) 4(2-6) 6 (4-8) 0.045

15 (31.3) 6 (33.3) 9 (30) 1
0.495

15 (31.3) 8 (44.4) 7(23.9)

6 (12.5) 2111 4(13.3)

4(8.3) 20111 2(6.7)

4(8.3) 2111 2(6.7)

9 (18.8) 20111 7(23.3)

10 (20.8) 23111 8 (26.7)

24.5 (14.2-40) 19.8 (9.6-51.6) 26.5(18.2-39.1)  0.418

31 (64.6) 10 (55.6) 21(70) 0.361

16 (33.3) 6 (33.3) 10 (33.3) 1

2(1-3) 2(1-2) 2 (1-3) 0.250

20 (41.7%) 10 (55.6) 10 (33.3) 0.147

Expressed data: 1 (%) or n (IQR: x—x). p value (> or U of Mann—Whitney)
Group 1 reimplantation, Group 2 no reimplantation, DM2 diabetes mellitus type 2, CAPD continuous

ambulatory peritoneal dialysis
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Table 2 Microbiologic causes of peritonitis episodes

Table 4 Outcome

Organism identi- Cohort Group 1 Group 2
fied N=48 (100%) N=18(37.5%) N=30(62.5%)
Staphylococcus 10(20.8) 5(27.8) 5(16.7)
aureus
Other Gram- 1(2.1) 1(5.6) 0
positive
Pseudomonas 7 (14.6) 4(22.2) 3(10)
species
Other Gram- 11 (22.9) 3 (16.6) 8 (26.7)
negative
Fungal 9 (18.8) 0 9 (30)
Mycobacterial 3(6.3) 2 (11.1) 1(3.3)
species
Mixed growth 4(8.3) 1(5.6) 3 (10)
No growth 3(6.3) 2(11.1) 1(3.3)
Table 3 Causes of no reinsertion of PC in Group 2
N=30(100%) Reasons N
Death during perito- 4 (13.3)
nitis
Transplantation 3 (10%)
Definitive HD switch 23 (76.7) Medical: 12 (52.2%)
Peritoneal adhesions 5
Peritoneal sclerosis 2
Colon pathology 1
Skin lesions 1
Others 3
Non-medical: 11
(47.8%)
Fear 5
Family decision
Social dependence 2

HD hemodialysis

When we analyzed the causes of no reinsertion of PC in
Group 2, we found that permanent HD switch was the main
reason, involving 76.7% (n=23) of patients. Permanent
HD switch occurred due to non-medical reasons in 47.8%
(n=11), which included: fear of peritonitis (5 patients), fam-
ily choice (4 patients) and social dependence (2 patients)
(Table 3). Other causes of no reinsertion were death during
peritonitis episode in 13.3% (4) and transplantation during
peritoneal rest in 10% (3).

Patient and technique survival

Patients were followed for a median of 35 months (IQR
12-95) after catheter removal.
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Group 1 Group
N=18 (37.5%) 2
N=30
(62.5%)
Change of RRT 6 0
Transplantation 8 9
Death in technique 3 18
Remains alive on technique 1 2
Lost 0 1

RRT renal replacement therapy

Log rank Test p=0,01

= Group 1

04 - Group 2

Patient’s survival

o= T T T T3 7 T T e T T | g o |
12 24 3 48 60 T2 B4 96 1068 120 132 144 156 163 180 192 204

Months after catheter removal

Fig.1 Comparison of Group 1 and Group 2 patient’s survival

After catheter reimplantation, PD was resumed success-
fully in all patients in Group 1, with a median duration of
PD afterwards of 14.1 months (range 4-69). The outcome
of patients restarted on PD was: three died while on PD,
eight had a kidney transplant, six transferred to HD and one
remained on PD. Causes of death were: severe peritonitis,
acute mesenteric ischemia and peritoneal sclerosis (Table 4).

On the other hand, outcomes of Group 2 were: 18 died on
HD, 9 had a kidney transplant, 2 remained on HD and 1 got
lost during follow-up period.

Patient survival is summarized in Fig. 1. Group 1 had
a significantly better survival than group 2 (survival at 24
months was 67% and 53%, respectively; log rank test p:
0.01). When adjusted for statistically significant basal char-
acteristic differences between the two groups (Cox propor-
tional hazard model with gender, age and Charlson index),
there were no differences in survival between the two groups
with age being the only statistically significant factor associ-
ated with survival (p <0.001).
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The PD technique survival after PD catheter reinsertion
by Kaplan—Meier estimate was 44% at 12 months.

Discussion

The results of the present study confirm that after an epi-
sode of peritonitis requiring PC removal, only few patients
restart PD and even less remain on PD after two years. In our
Center, 16.9% of peritonitis episodes resulted in PD catheter
removal, concordant with previous studies [9, 14].

Among these patients, only 37.5% underwent catheter
reimplantation. Our rate of catheter reinsertion is lower than
that reported in Asian literature [13, 15]. This may be in part
explained due to differences in practices in each treating
center as well as diverse reimbursement policies between
countries [16, 17]. For instance, in Hong Kong, CAPD is the
first-line renal replacement therapy for all end-stage renal
disease patients and therefore, in some Asian studies catheter
reinsertion was attempted in all cases after its removal [9].
Conversely, in our program, the decision to reinitiate PD was
almost entirely up to the patient with few exceptions, such
as after fungal peritonitis.

Interestingly, our study showed psychological factors and
not only medical reasons might play an important role in
reinitiating PD and could prevent resumption of technique.
Our results demonstrate that a high proportion of patients
decide not to restart PD for non-medical reasons, which
include fear of peritonitis, family choice and social depend-
ence after this life-threatening complication. These patients
were older and had more comorbidities, with patients and
their families being more afraid of a repeated episode.
Younger patients were more likely to be willing to restart
PD, as were those with less comorbidities. We also identi-
fied that a higher proportion of males restart PD compared to
females. This interesting finding might be related to a more
conservative approach in women [18].

Once PD is reinitiated, previous studies identified severe
peritonitis and increasing age as predictors of technique fail-
ure [19, 20]. Neither demographic nor clinical or dialysis-
related data predicted PD resumption failure in our study.

It is also known that monomicrobial peritonitis caused by
fungi, Enterobacteriaceae, Pseudomonas sp., and Staphylo-
coccus aureus are associated with poorer outcomes and it
has also been suggested that agents with aggressive and/or
persistent infections (yeast and surgical enteric peritonitis)
might prevent PD restart [21, 22]. In our study, these were
the most frequent organisms cultured in patients requiring
PC removal. Nevertheless, we did not find any association
between the microbial cause of peritonitis and PD resump-
tion in our patients. Although controversial, similar findings
were reported by Ram et al. [23]. Our small sample size
might have contributed to this surprising result.

In our study technique survival after PD resumption was
44% (8 out of 18) at the end of the first year in Group 1.
PD technique survival after reinitiation differs widely in the
literature: 42% at 12 months [24] and varying between 56
and 77% at 24 months in other studies [13, 20]. Such a large
discrepancy may be the result of limitations in study designs
(for instance: small sample size, retrospective design, single
center data collection and a lack of adjustment for potential
confounding variables).

In our study, patient survival in Group 1 was 67% (6 out
of 18) after 2 years and it was better than that of Group 2
(Fig. 1), but when an adjusted model using statistically rel-
evant baseline characteristics was performed that difference
disappeared. In keeping with our results, Cho et al. found
non-inferior patient, technique and peritonitis-free survival
after returning to PD after temporary HD when compared
with patients who never transferred to HD or those who
remained permanently on HD post-peritonitis [14]. There-
fore, we agree that resumption of PD after catheter removal
for complicated peritonitis should not be discouraged.

There are numerous clinical implications in the present
study.

First, it supports observations made by Szeto, regarding
unknown important factors governing peritoneal adhesions
in response to peritonitis, that need to be studied [13].

Second, it highlights the need to find predictors of sur-
vival and technique success after reinsertion of PD catheter.
As mentioned by Sahu et al., until then, PD could success-
fully be resumed long term based on clinical assessment to
select suitable patients [19].

Finally, a major finding is the causes of non-restarting
PD, as they have not been described before in the literature.
Our study showed that, after PC removal for complicated
peritonitis, in almost half of the cases there is no medical
reason to prevent PD resumption and non-reinitiation occurs
mostly by patient or family choice.

We believe individual training support, improved home
assessment and active family involvement are needed to suc-
cessfully increase PD resumption [25]. Not only patients, but
also their families should be counseled about the possibility
of reinitiating PD. Advantages and disadvantages of tech-
nique should be discussed more than once during HD period,
since many patients could change their minds once they have
recovered physically and psychologically from peritonitis.

For elderly patients, who are less likely to resume PD
because of age-related issues or decisions made by their
families, training home-care nurses or family members to
provide assistance with PD at home may be a desirable
option [26].

This later finding has enormous clinical and economical
implications, as it suggests that PD resumption rates could
be improved if appropriate measures are taken. A spe-
cific clinic visit would clarify patient’s will and situation.
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Implementing a proper questionnaire to assess patient’s
fears, doubts and desire regarding replacement technique
to be completed by each patient would be a useful tool
that could increase return to technique, reducing dropouts
and costs.

There are several limitations to this study. First, the retro-
spective nature of the cohort, which may have biased results
due to missing data, limiting interpretation and generali-
zation of results. Second, there are no standardized ques-
tionnaires or scales to assess drop out causes, so we had to
perform a bespoke interview with each patient and imple-
ment our own. Also, our sample size was relatively small
and obtained from a single center, which limits statistical
power. Further studies are required in this field before firm
recommendations can be made.

Conclusions

To our knowledge, this is the first report examining the
causes of non-reinitiating PD after a complicated peritonitis
requiring catheter removal.

Our study demonstrated that successfully resuming PD
following PC removal for severe peritonitis is feasible with
reasonable PD technique survival. Most importantly, it
reveals that in a high proportion of patients (mainly older
and more comorbid) there is no medical reason to prevent
PD resumption and non-reinitiation occurs mostly by patient
or family choice. A properly structured interview and index
scale would be useful tools that could improve return to tech-
nique in these patients.
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