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Abstract

Background: Peritonitis is more common in peritoneal dialysis (PD) patients nonadherent to the PD exchange protocol
procedures than in compliant patients. We therefore investigated whether regular testing of PD knowledge with focus on infection
prophylaxis could increase the time to first peritonitis (primary outcome) and reduce the peritonitis rate in new PD patients.
Methods: This physician-initiated, open-label, parallel group trial took place at 57 centers in Sweden, Denmark, Norway,
Finland, Estonia, Latvia, the Netherlands, and the United Kingdom from 2010 to 2015. New peritonitis-free PD patients
were randomized using computer-generated numbers | month after the start of PD either to a control group (n = 331)
treated according to center routines or to a retraining group (n = 340), which underwent testing of PD knowledge and
skills at I, 3, 6, 12, 18, 24, 30, and 36 months after PD start, followed by retraining if the goals were not achieved.

Results: In all, 74% of the controls and 80% of the retraining patients discontinued the study. The groups did not differ
significantly regarding cumulative incidence of first peritonitis adjusted for competing risks (kidney transplantation,
transfer to hemodialysis and death; hazard ratio 0.84; 95% confidence interval (Cl) 0.65—1.09) nor regarding peritonitis
rate per patient year (relative risk 0.93; 95% CI 0.75-1.16).

Conclusions: In this randomized controlled trial, we were unable to demonstrate that regular, targeted testing and retraining of
new PD patients increased the time to first peritonitis or reduced the rate of peritonitis, as the study comprised patients with a
low risk of peritonitis, was underpowered, open to type | statistical error, and contamination between groups.
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Introduction

Peritonitis is a major and potentially serious complication
of peritoneal dialysis (PD), the most important risk factor
for PD technique failure."* and may result in a mortality
rate of 2-6%.> > According to a recent international survey,
the absence of a PD-related infection is deemed more
important than all other clinical outcomes by both patients
on PD and their caregivers.® Peritonitis rates have declined
over the last 30 years because of several improvements in
PD treatment including the design of connection systems
and antibacterial prophylaxis.” Recently reported peritoni-
tis rates in adult PD patients vary greatly between countries
from around 0.2 episodes per patient year in a few outstand-
ing centers® '? to between 0.6 and 0.9 episodes per patient
year in others.>'"'? There is also a clear variation in peri-
tonitis rates between centers within the same country.®'>'*
The reasons for such variations are unclear but may be
related to differences in patient training, infection-
prevention protocols, and follow-up routines.'*>'® Patients
who are noncompliant with the PD exchange protocol pro-
cedures experience higher peritonitis rates than compliant
patients.'” Moreover, according to an observational study
from a center in Beijing, those with a poor PD bag
exchange technique are reported to have an over fivefold
increased risk of peritonitis.'® Retraining may reduce the
risk of peritonitis,'®'? but this has only been investigated in
a limited number of uncontrolled studies.'®?°2* Early test-
ing and retraining of new PD patients with focus on hand
hygiene and a correct connection technique may thus be a
possible way of reducing the incidence of peritonitis.

The primary aim of this trial was to study whether a
protocol that involves regular follow-up of new PD patients
with testing of their theoretical and practical knowledge in
addition to retraining with focus on peritonitis prevention
(hereafter called “a new follow-up model”) could extend
the time to the first peritonitis episode, while the secondary
aim was to investigate whether this model could reduce the
incidence of peritonitis. Further aims were to study the risk
factors for peritonitis, PD technique failure rate, and
peritonitis-related hospitalization time, which will be
reported later.

Materials and methods

Trial design

This noncommercial, physician-initiated, randomized, con-
trolled, open-label, parallel-group, multicenter trial started
in January 2010 and was initially planned to include 750
incident PD patients over 2 years in Sweden, Norway, Den-
mark, Finland, Estonia, and Latvia. Further countries were
recruited later (see Results section). Patients were eligible
for inclusion in the study from the first day of PD at home
and up to 6 weeks thereafter. After a baseline visit, patients
attended follow-up visits at 1 month (within the 2 weeks
before or after the due date) after the start of PD at home,
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Figure |. Design of the study.

followed by visits at 3 and 6 months, and every sixth month
thereafter up to 36 months (Figure 1), which were expected
to take place within the 3 weeks before or after the due date.
The duration of the study was thus 36 months from the start
of PD at home, that is, 35 months from the time of rando-
mization. The trial was planned to continue until the last
patient to be included had taken part for 1 year.

The study was designed and supervised by a steering
committee, coordinated at the Department of Nephrology,
Sahlgrenska University Hospital, Gothenburg, Sweden,
where the data were collected. The trial was carried out
in accordance with the principles of the International Con-
ference on Harmonization Good Clinical Practice guide-
line. The study protocol and amendments, which fully
complied with the Helsinki Declaration, were approved
by the ethics committees in the participating countries. The
diagnosis of peritonitis was adjudicated by an end point
committee based on predefined criteria. The study was
monitored by an independent Data Safety and Monitoring
Board, consisting of statisticians and nephrologists, who
were not involved in the care of the study participants. Only
this board had the authority to undertake interim analyses.
There were no predefined criteria for ending the study.

The funders of the study had no role in its design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to all
the data as well as the final responsibility for the decision to
submit the report for publication. The study protocol was
not published prior to the start of the study. The trial is
registered with CinicalTrials.gov number NCT01293799.

Participants

Patients aged at least 18 years who had recently started PD
and able to perform the dialysis without assistance were
eligible. Assistance with the handling of PD bags and
exit-site care was allowed. Exclusion criteria included pre-
vious PD treatment during the past 2 years, peritonitis
related to PD before inclusion, active malignancy, and par-
ticipation in other studies that might affect the outcome of
the present study. All participants provided written
informed consent before participation.

Randomization

Participating patients who remained free of peritonitis were
randomly assigned to one of two groups at 1 month after the
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start of PD at home (within the 2 weeks before or after the
due date) and received either standard care in accordance
with the routines of the center (control group) or “a new
follow-up model” (retraining group) in addition to standard
care. A permuted block randomization sequence was gen-
erated by computer using a block size of eight (1:1 ratio) by
an independent manufacturing organization (APL Pharma
Specials, Stockholm, Sweden). Patients were allocated to
the trial groups at the participating hospitals using sealed,
opaque, consecutively numbered envelopes, which were
opened in numerical order by nephrologists taking part in
the study.

Procedures

The baseline PD training program at all participating cen-
ters followed the recommendations of the International
Society for Peritoneal Dialysis (ISPD) regarding the topics
to be taught.'® In addition, the alcohol-based hand-rub tech-
nique of all patients was checked using fluorescent alcohol
and ultraviolet (UV) light at least once during the basic PD
training at the study centers. After the basic training, this
method was only used in patients recruited to the study and
allocated to the retraining group. This group underwent
testing at all follow-up visits, after every peritonitis epi-
sode, and when restarting PD treatment after a temporary
break lasting 6 weeks or more. The tests were designed
prior to the study by some of the authors with the help of
PD nurses. The questionnaire was tested on a small number
of PD patients who found the questions easy to understand.
No formal validation of the efficiency of the tests was
conducted. The testing, which required 2 to 2%2 h and took
place either at the PD center or in the patient’s home, was
conducted by PD nurses and included the following
procedures:

e Practical test (Supplemental material): The patient
was asked to perform a PD exchange and exit-site
care. Those who needed assistance with exit-site
care could skip the latter step. Patients using auto-
mated PD were observed as they set up a cycler. A
PD nurse was present during the test but did not
interrupt the patient. Using a check list, the nurse
recorded whether preparations for the PD exchange,
hand hygiene using an alcohol-based hand-rub tech-
nique, PD exchange, exit-site care, and the securing
of the catheter were correctly and safely performed.
In addition, the alcohol-based hand-rub technique
was checked using fluorescent alcohol and a UV
lamp. The goal was for all steps in the test to be
performed correctly.

e Questionnaire (Supplemental material): Participants
were asked to complete a questionnaire with 24
multiple-choice questions on hygiene, infection pro-
phylaxis, PD bag exchange technique, recognition of
and appropriate action to deal with contamination,

exit-site infection, and peritonitis. Thereafter, a
nurse discussed the result with the patient. The goal
was to achieve at least 80% of the maximum score.
If the patient did not meet the goals of both tests,
further training was provided, either on the same day
or scheduled later, until the goals were achieved.

Participating centers were instructed to treat the control
group in accordance with the ordinary routines without
being influenced by the protocol used in the retraining
group and not to change the routines for instruction and
follow-up of patients pertaining to prophylaxis of PD-
related infections during the course of the study.

Prior to the start of the study, each center reported the
number of PD patients and PD staff including their roles,
the incidence of peritonitis the year before taking part in the
study, whether the center screened for and treated nasal
carriers of Staphylococcus aureus, used topical antibiotic
cream at the exit site, antibiotic prophylaxis prior to cathe-
ter insertion, and regularly checked the knowledge and
skills of new patients.

Baseline laboratory tests were performed just before the
start of PD. Serum albumin values analyzed using the
bromcresol purple method were converted to the corre-
sponding values of the bromcresol green method.?> Physi-
cal status was estimated using the Karnofsky performance
scale,?® and the number of comorbid diseases was mea-
sured by the Stoke score.?” At the follow-up visits we
recorded the need for assistance with exit-site care as well
as the occurrence of peritonitis episodes and exit-site infec-
tions?® since the previous follow-up visit. The diagnosis of
peritonitis was based on at least two of the following cri-
teria in accordance with the recommendations of the
ISPD**2%: (1) cloudy PD effluent fluid with leukocytosis
corresponding to more than 100 white blood cells/uL (com-
pulsory in the trial, and we regarded this criterion fulfilled
by a positive dip-test for leukocytosis) and more than 50%
polymorphonuclear cells (optional in this study); (2) symp-
toms of peritoneal inflammation; and (3) positive dialysis
effluent culture.

Primary and secondary outcomes

The predefined primary outcome was time from rando-
mization to the first peritonitis episode. The incidence of
peritonitis during the study, which was a secondary out-
come, is also reported. Further secondary outcomes, not
reported here, include risk factors for peritonitis, PD
technique failure rate, and peritonitis-related hospitaliza-
tion time.

Statistical analysis

The sample size calculation was based on an analysis of all
patients who started PD at the Sahlgrenska University Hos-
pital, Gothenburg, Sweden, between 1 January 2004 and 31
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December 2007 (n = 120). Up to 31 November 2008, 42%
(50 of 120) of the patients had experienced a first peritonitis
episode. The overall peritonitis rate was 0.48 episodes per
patient year. The sample size was calculated for log-rank
follow-up between the retraining group and the control
group for the time up to the first peritonitis episode. The
significance level was set to 5% and power to 80%. The
calculations were based on a 2-year inclusion period with a
prompt effect of the intervention declining over time. For
an initial hazard ratio of 0.70, which corresponds to a 30%
reduction of the peritonitis risk, the minimum sample size
calculated via simulations was found to be 480 patients.
With adjustment for potential withdrawals, which were
expected to be around 30% during the first year, the sample
size was estimated to be 750 patients.

Time to the first peritonitis episode was analyzed as the
cumulative time without peritonitis using the Cox propor-
tional hazards regression model from which unadjusted
hazards ratios (HRs) were calculated. Actuarial survival
curves showing proportions of peritonitis-free patients over
time in the two groups were estimated by means of the
Kaplan—Meier method. Log-rank follow-up was used to
compare the survival curves. Patients who stopped PD
treatment due to causes other than peritonitis were man-
aged according to the intention-to-treat principle. Patients
were censored when the PD treatment was stopped, at with-
drawal of consent, and at the closing date of the study. Per-
protocol analyses were also performed. The Fine and Gray
model*® was used to examine the cumulative incidence of
first peritonitis considering kidney transplantation, transfer
to hemodialysis, and death as competing events. The num-
ber of recurrent events between the two groups was tested
by assuming a Poisson distribution of the number of events
per follow-up time, log (follow-up time) as offset time, by
using generalized linear models. The results were
expressed as frequencies, percentages for categorical vari-
ables, mean and standard deviation (SD) for continuous
normally distributed variables, and median and interquar-
tile rate (IQR) for continuous non-normally distributed
variables. All tests were two-tailed and conducted at a sig-
nificance level of 0.05. The analyses were performed using
SAS software version 9.4 (SAS Institute Inc., Cary, North
Carolina, USA).

Results

Study population

Patient recruitment started on 18 January 2010 in Sweden,
followed by Finland, Estonia, and Latvia, while in Norway
and Denmark it began in 2011. As only 254 participants
had been randomized after 2 years, the recruitment period
was extended from the initially planned 2 years in two steps
to 31 December 2014 (first to 4 years and then to 5 years). It
was not feasible to prolong the inclusion further. In addi-
tion, participants from the Netherlands and the United

Kingdom were recruited from 2012 and 2014, respectively.
In October 2013, when 472 patients had been randomized,
the Data Safety and Monitoring Board performed an
interim analysis, showing that the conditional power of the
study was low and therefore recommended termination of
the enrollment. Due to the delay in the reporting of results
from the study centers, the actual study data were incom-
plete when the interim analysis was performed, which pos-
sibly influenced the results. The Steering Committee
therefore decided to continue the trial, which ended on 31
December 2015.

We included 713 patients from 57 centers located
as follows: Sweden (25), Norway (11), Finland (7),
Denmark (5), Estonia (1), Latvia (1), the Netherlands
(5), and the United Kingdom (2). Of the 708 patients
who met the inclusion criteria, 37 were not eligible for
randomization, mainly due to peritonitis occurring after
inclusion (n = 25; Figure 2). Of the 671 randomized
patients, 331 were assigned to the control group and
340 to the retraining group.

Baseline characteristics were similar with no signifi-
cant differences between the groups, except for diabetic
nephropathy as the primary cause of renal failure
(p = 0.02; Table 1). The participants used multi-
chamber bag dialysis fluids with low glucose degradation
products, except for 2% (17 of 671) who used conven-
tional dialysis fluid. In addition, icodextrin and amino
acid solution were utilized.

Seventy-four percent of the participants in the control
group and 80% in the retraining group discontinued the
study (Figure 2). The main reasons were kidney transplan-
tation (29% vs. 32%), transfer to hemodialysis (27% vs.
21%), death (9% vs. 8%), transfer to assisted PD (5% vs.
7%), and withdrawal of consent (0 vs. 8%) in the control
group and the retraining group, respectively (Figure 2).
During the first year after randomization, 40% (n = 270)
of the participants discontinued the trial, 35% (n = 117) in
the control group and 45% (n = 153) in the retraining
group. In the latter group, consent was withdrawn by 3%
(n = 11) during the first 6 months, 7% (n = 24) during the
first year, and later by 1% (n = 2). The number of partici-
pants who remained in the study at 24 and 35 months after
randomization was 102 (31%) and 26 (8%) in the control
group and 73 (22%) and 20 (6%) in the retraining group.
The follow-up time after randomization was significantly
longer in the control group (490.9 patient years; median
days 509; interquartile range (IQR) 267-815) than in the
retraining group (435.5 patient years; median days 410;
IQR 186-684) (» = 0.003).

Time to the first peritonitis episode

Of the 671 participants, 223 (33%) experienced a first peri-
tonitis episode: 121 (37%) in the control group and 102
(30%) in the retraining group (Table 2). The mean inci-
dence of first peritonitis per patient year did not differ
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Figure 2. Patient flow diagram.

significantly between the groups during the first year after
randomization nor during the whole study (Table 2).
According to the Kaplan—Meier analysis, the retraining
group did not have a significantly longer time to first peri-
tonitis than the controls during the whole study (HR 0.92,
95% CI 0.71-1.19; p = 0.52; Figure 3) or during the first
year (HR 0.87, 95% CI 0.63-1.21, p = 0.41).
Per-protocol analysis of 329 controls (two patients
tested by mistake were excluded) and 319 patients in the
retraining group (21 patients attending less than 75% of
the planned tests were excluded) showed that 120 (36%)
of the participants in the control group and 95 (30%) in the
retraining group had experienced a first peritonitis episode,
the rate per patient year being 0.31 (95% CI 0.26-0.37) and
0.28 (95% CI 0.23-0.34), respectively. In this population,
the risk of a first peritonitis episode was not significantly

lower in the retraining group compared to the controls (HR
0.89, 95% CI 0.68-1.17; p = 0.40).

The analysis of the cumulative incidence of the first
occurrence of peritonitis after randomization taking the
competing risks of kidney transplantation, transfer to
hemodialysis, and death into account demonstrated slightly
lower cumulative incidences than the Kaplan—Meier
survival analysis but showed no significant difference
between the controls and the retraining group (HR 0.84,
95% CI 0.65-1.09; p = 0.20); Figure 3).

Incidence of peritonitis and exit-site infection

The total incidence of peritonitis and exit-site infection
per patient year did not differ significantly between the
study groups (Table 2). The rate of gram-negative
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Table |. Baseline characteristics of the study population.®

Control group Retraining group
Characteristics (n = 331) (n = 340)
Age (years) 59.7 (14.6) 60.7 (14.4)
Male 217 (66%) 229 (67%)
Body mass index (kg/m?) 26.3 (4.4) 25.7 (4.1)
Primary cause of end-stage kidney disease
Diabetic nephropathy 87 (26%) 63 (18.5%)
Glomerulonephritis 87 (26) 87 (26)
Tubulointerstitial nephritis 17 (5%) 17 (5%)
Polycystic kidney disease 29 (9%) 40 (12%)
Ischemic renal disease/nephrosclerosis 67 (20%) 79 (23%)
Other diagnosis 26 (8%) 38 (11%)
Unknown cause 18 (5%) 16 (5%)
Comorbidity
Stoke comorbidity score 0 202 (61%) 193 (57%)
Stoke comorbidity score -2 117 (35%) 128 (38%)
Stoke comorbidity score >2 12 (4%) 19 (6%)
Ischemic heart disease 62 (19%) 60 (18%)
Peripheral vascular disease 27 (8%) 39 (12%)
Left ventricular dysfunction 34 (10%) 37 (11%)
Diabetes mellitus 24 (7%) 25 (7%)
Collagen vascular disease 10 (3%) 20 (6%)
Other significant pathology 30 (9%) 42 (12%)
Previous renal replacement therapy 61 (19%) 68 (20%)
Previous kidney transplantation 29 (9%) 32 (9%)
Physical status
Karnofsky performance score 90 (80—90) 90 (80-95)
Social factors
Visual impairment 28 (9%) 17 (5%)
Impaired hand function 21 (6%) 23 (7%)
Working full or part time 102 (31%) 103 (30%)
Biological characteristics at PD start
Serum creatinine (umol/L) 650 (208) 641 (234)
Serum urea (mmol/L) 28 (9) 28 (9)
Serum albumin (g/L)® 34 (6) 34 (6)
Hemoglobin (mmol/L) 111 (12) 110 (14)
C-reactive protein (g/L)° 3(2-9) 3 (2-8)
Medication
Corticosteroid drug 43 (13%) 44 (13%)
Other cytotoxic drug 25 (8%) 27 (8%)
Participants from centers treating nasal carriers of S. aureus with nasal antibiotics 68 (21%) 73 (21%)
Participants from centers routinely using topical antibiotic cream on the catheter exit site 34 (10%) 38 (11%)
Antibiotic prophylaxis before catheter insertion 305 (92%) 305 (90%)
Type of PD start
Acute 53 (16%) 40 (12%)
Planned 278 (84%) 300 (88%)
Initial PD modality
CAPD 262 (79%) 278 (82%)
APD 69 (21%) 62 (18%)
Initial PD connection system (brand)
Baxter® 192 (58%) 201 (59%)
Fresenius® 55 (17%) 54 (16%)
Gambro®® 84 (25%) 85 (25%)

PD: peritoneal dialysis; CAPD: continuous ambulatory PD; APD: automated peritoneal dialysis; SD: standard deviation.

?Data are number (%), mean (SD), or median (interquartile rate).
®Data missing for one to three participants per group.
“Data missing for two to six participants per group.

4Connection system and PD fluid available throughout the study, even after change of brand name.
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Table 2. Peritonitis episodes and exit-site infections in the studied groups.
Control group (n = 331) Retraining group (n = 340)
Event number  Event rate (events per  Event number  Event rate (events per Relative risk p
Events (% of group) patient year) (95% ClI) (% of group) patient year) (95% ClI) (95% ClI) Value
Peritonitis episodes
All episodes 175 0.36 (0.31-0.41) 145 0.33 (0.28-0.39) 0.93 (0.75 -1.16) 0.54
First episode 121 (37) 0.31 (0.26-0.37) 102 (30) 0.29 (0.23-0.35) 0.92 (0.70 -1.19) 0.51
Second episode 38 (l1) 29 (9)
Third episode 14 (4) 12 (4)
Fourth episode 2 (0.6) 2 (0.6)
Episodes first year 9l 0.331 (0.27-0.41) 84 0.32 (0.25-0.39) 0.96 (0.72-1.29) 0.80
First episode 78 (24) 0.32 (0.25-0.40) 66 (19) 0.28 (0.22-0.35) 0.87 (0.63 -1.21) 0.41
Exit-site infections 141 0.29 (0.24-0.34) 120 0.28 (0.23-0.33) 0.95 (0.75 -1.21) 0.69

100
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60—
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Figure 3. Kaplan—Meier and competing risk analysis curves for
follow-up time from randomization to the first peritonitis episode
for the control and retraining groups. The time of follow-up was
35 months from randomization, that is, to the time of the visit at
36 months after the start of PD at home. The numbers at risk
refer to the number of peritonitis-free patients. Upper panel:
Kaplan—Meier survival curves. Lower panel: Cumulative incidence
curves adjusted for the competing risks of kidney transplantation,
transfer to hemodialysis, and death in accordance with the Fine
and Gray method.

microorganisms per patient year was significantly lower in
the retraining group compared to the control group. The
rates of gram-positive and other microorganisms were

similar in the two groups (Table 3). The outcome of peri-
tonitis was similar in the study groups (Table 4). Cure was
defined as resolution of the signs of peritonitis with anti-
biotic therapy and without the need for catheter removal. A
peritonitis relapse was defined as a further episode of infec-
tion with either the same organism or negative culture
within 4 weeks of antibiotic therapy cessation.”®

Characteristics of the study centers

At the time of inclusion of the first patient, the total number
of PD patients at the 57 participating clinics was 1605 with
a median of 21 (IQR 16-34) and the median ratio of PD
patients to full-time PD nurses was 10.7 (IQR 8.5-13.3). A
protocol for follow-up of new PD patients within the first 6
months after the start of PD formed part of the routine at
18% (10 of 57) of the centers. After the first 6 months, only
9% of the centers (5 of 57) performed follow-up every sixth
month and 4% (2 of 57) only once a year. Most of these
protocols included inspection of a PD exchange, exit-site
care, and hand hygiene technique. Nasal screening and
treatment of nasal carriers of S. aureus was routine at
16 (28%) of the centers, prophylactic use of topical anti-
biotic exit-site cream or ointment was regular at 3 (5%),
and occasional at 10 (18%). The median peritonitis rate the
year before taking part in the study was 0.46 (range 0.23—
0.96; IQR 0.34-0.65). A Cox regression analysis of time to
the first peritonitis episode per center, including the largest
10 centers with at least 20 participants, showed no center
effect interaction on the treatment outcome (p = 0.26).

Discussion

The results of this randomized controlled trial of new PD
patients showed that regular, targeted testing of PD knowl-
edge and practical PD skills focusing on infection prophy-
laxis, as well as retraining if the goals were not achieved,
was not associated with a significantly longer time to the
first peritonitis episode or a significantly lower total peri-
tonitis rate than standard care provided in accordance with
the routines of the centers.
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Table 3. Peritonitis episodes and causative microorganisms.*

Control group (n = 331),

Retraining group (n = 340),

n (number per patient year) n (number per patient year) p Value
Peritonitis episodes 175 (0.36) 145 (0.33) 0.07
Concomitant exit-site or tunnel infection 22 (0.05) 11 (0.03) 0.12
Culture-positive peritonitis, n (%) 148 (85%) 122 (84%)
Organism
Gram-positive 97 (0.37) 80 (0.36) 0.27
Staphylococcus aureus 25 (0.10) 22 (0.10) 0.93
Coagulase-negative staphylococci 28 (0.11) 23 (0.10) 0.45
Streptococcus 17 (0.06) 21 (0.09) 0.54
Enterococcus 7 (0.03) 8 (0.04) 0.82
Other gram-positive 20 (0.08) 6 (0.03) 0.02
Gram-negative 43 (0.16) 27 (0.12) 0.03
Escherichia coli 10 (0.04) 8 (0.04) 0.77
Klebsiella 9 (0.03) 7 (0.03) 0.58
Pseudomonas 5 (0.02) 4 (0.02) 0.71
Acinetobacter 2 (0.01) 3 (0.01) 0.67
Other gram-negative 17 (0.06) 5(0.02) 0.01
Polymicrobial 8 (0.03) 12 (0.05) 0.40
Fungus 0 3 (0.01) 0.09

#Microorganism rates are calculated for patients with culture-positive peritonitis using patient years of 264.5 and 224.3 in the control group and the

retraining group, respectively.

Table 4. Outcome of peritonitis episodes in the studied groups.

Control group Retraining

(n=331) group (n = 340)
Peritonitis episodes (n) 175 145
Outcome
Cured® 140 (80%) 118 (81%)
Catheter removal 28 (16%) 24 (17%)
Death wihin 4 weeks 7 (4.0%) 3 (2.1%)
Causes of death
Infection/septicemia 2 (1.1%) 2 (1.4%)
related to peritonitis
Infection/septicemia not 2 (1.1%) 0
related to peritonitis
Surgical peritonitis® | (0.6%) I (0.7%)
Cardiovascular disease 2 (1.1%) 0

?Cure primarily or after one or more relapses.
®Peritonitis from other intra-abdominal pathology.

Our hypothesis that regular testing and retraining of PD
patients may prolong the time to the first episode of peri-
tonitis and reduce the peritonitis rate was based on the
studies by Russo et al.'” and Kazancioglu et al.*! demon-
strating that PD patients who were noncompliant with the
PD exchange protocol procedures more often experienced a
peritonitis episode compared to compliant patients. This
has also been found in later studies.'®?***3? In their inves-
tigation of prevalent Italian PD patients, Russo et al.'” also
found that only 74% of the 191 PD patients performed the
PD procedure correctly in terms of infection prophylaxis.
Based on this result and an assessment of the knowledge of
353 patients who completed a questionnaire, the authors
estimated that 29% of the patients were in need of

retraining of the PD exchange technique. In addition, a
large Italian observational survey has shown that hospitals
in which retraining of PD patients is provided had lower
peritonitis rates than those that did not provide retraining.*”
The effect of a theory-based method for training and
retraining of adult PD patients was investigated in a large,
multicenter, longitudinal, prospective, non-randomized
trial by Hall et al.,>' which showed an insignificantly lower
peritonitis rate in the pilot clinics than in the control centers
after 2 years.

Our results differ from those of a small number of obser-
vational studies, which have demonstrated significant
improvement of the peritonitis rate at a clinic after intro-
duction of a new PD education program.>>* The disparity
between the results of these studies and our trial most likely
relates to differences in the study design and the character-
istics of the PD populations investigated. Most observa-
tional studies have included prevalent PD patients who
may have already experienced a peritonitis episode. As the
present study only included incident peritonitis-free PD
patients who were able to perform PD without assistance,
the results cannot be generalized to regular PD populations.
However, it is likely that the majority of incident PD
patients at most PD units would meet the inclusion criteria
of this trial. Differences in the use of prophylactic antibio-
tics may also influence the generalizability of the results.
Thus, the ISPD guidelines for the prevention of peritoni-
tis>’ recommending antibiotic administration prior to
catheter insertion (level 1A) were followed by 91% of the
study participants. The fact that exit-site antimicrobial pro-
phylaxis (level 1B) was only used by 5% of the patients is
likely due to the fact that the health authorities in the
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Scandinavian and Baltic countries do not encourage long-
term prophylactic use of antibiotics in any patient category
due to the risk of the development of resistant bacterial
strains. It has also been demonstrated that in many coun-
tries it is very common not to follow these ISPD
recommendations. '

The fact that many patients discontinued the study,
mainly due to kidney transplantation, transfer to hemodia-
lysis, and death, could have altered the probability of a first
peritonitis episode over the course of the study. We there-
fore used the Fine and Gray analysis to take these compet-
ing risks into account, as has been recommended for
survival analysis in PD research.**

The present study is, to our knowledge, the first rando-
mized, controlled trial of the effect of retraining on the
peritonitis rate in PD patients. In addition to its design, the
strength of the study is its large sample size, enrollment of
incident, peritonitis-free PD patients from a range of cen-
ters and countries with similar approaches to PD, and the
fact that data could be collected for all participants.

The limitations of the study mainly concern its low
power. The power calculation was based on a discontinua-
tion rate of 30% of the participants after 1 year. However,
40% of the participants, 45% in the retraining group and
35% in the control group, had left the study by that time. As
a consequence, the total number of patient years after ran-
domization was significantly lower in the retraining group
than in the control group. The main reason for this differ-
ence was that 8% of the participants in the retraining group
withdrew consent and that half of these withdrawals
occurred already within the first 6 months.

The power of the study may also have been weakened by
other factors. Thus, the recruitment to the study was slower
than anticipated, and the final number of randomized par-
ticipants was only 89% (671 of 750) of the target, despite
the fact that the inclusion time was extended from 2 years
to 5 years and additional centers were included. The burden
of the study on the PD centers could also have influenced
the recruitment of patients, as regular PD staff performed
the testing at most centers.

Randomization as late as 1 month after the start of PD
also limited the recruitment to the study because 5% (37 of
708) of the included participants had become ineligible for
randomization, mainly due to peritonitis. The reason for not
randomizing earlier was that we wanted to be sure that this
dialysis modality functioned in an acceptable manner and
that the included participants were able to perform PD
without assistance at home. The late randomization most
likely resulted in the selection of less peritonitis prone
patients, which might reduce the generalizability of the
results of the trial. These factors may also explain why the
incidence of peritonitis in the control group (0.36 episodes
per patient year) was lower than expected, both compared
with the pre-study peritonitis rate at the PD center on which
the sample size calculation was based (0.48 episodes per
patient year) and the pre-study median value of the

participating centers (0.46 episodes per patient year). In
addition, the participating PD centers had a slightly lower
median pre-study peritonitis rate than those reported by
many other PD units.>'"*> This finding might be explained
by the Hawthorne effect, that is, the treatment of controls
by the study center staff may have been modified due to
their awareness of being observed. Another explanation
could be selection bias, but this is less likely, since alloca-
tion concealment was used.

A further factor that could possibly have contributed to a
lower-than-expected peritonitis rate in the control group
was that all study centers routinely used fluorescent alcohol
and an UV lamp during the basic hand hygiene training.
This method was introduced at all study centers where it
was not previously used because we wanted all potential
participants to have comparable basic PD training.

The effectiveness of the intervention can be questioned,
due to the fact that the practical test and the questionnaire
were not validated prior to the study. In addition, 6% of the
patients attended less than 75% of the planned tests.

Another factor that could have influenced the results
was that 18% of the participating centers already provided
some form of retraining before the study. However, only
9% performed regular follow-ups after the first 6 months of
PD, and the retraining at these centers was not as rigorous
as that in the study. Although we did not find any signifi-
cant center interaction effect on outcome, the study may not
have been adequately powered to assess this.

In addition, it cannot be excluded that the PD staff were
unintentionally influenced by the study protocol used for
the retraining group when taking care of the patients in the
control group. Moreover, it was not possible to employ
blinding in this study. To reduce the risk of possible con-
tamination between groups, cluster randomization of
comparable centers should ideally have been carried out.
However, this would have required a larger number of
participants in order to obtain equivalent statistical power
compared to individually randomized trials.*® Further-
more, in contrast to individual randomization, clusters are
usually randomized at the same time. It may be easier to
achieve parity of key factors in the intervention and the
control arm in non-clustered clinical trials, especially if
the participants have multiple chronic conditions,?” which
is common in PD patients. It was not possible to conduct
cluster randomization in the present trial because most
centers had to be recruited during the study and greater
financial resources would have been required than were
initially available.

Based on our experience of the present study, we sug-
gest that future studies of the effect of retraining on the
prevention of PD-related peritonitis should have sufficient
power to compensate for the high turnover in this patient
group, should employ cluster randomization, and should
initiate testing and retraining as soon as possible after the
start of PD.
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Conclusions

This randomized controlled trial was unable to demonstrate
that “the new follow-up model” with regular, targeted test-
ing and retraining of new PD patients with focus on infec-
tion prophylaxis increased the time to the first episode of
peritonitis (primary outcome) or reduced the risk of perito-
nitis compared with controls treated in accordance with the
standard routines of the center. The main limitation of the
study was its low power with a risk of type 1 statistical
error. Moreover, the trial included patients at low risk of
peritonitis, in addition to which there was a possibility of
contamination between the groups. Recommendations for
further studies on the effect of retraining for the prevention
of PD-related peritonitis are presented.
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