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Abstract

Background In its first 3 years, the Standardizing Care to Improve Outcomes in Pediatric End Stage Renal Disease (SCOPE)
Collaborative demonstrated a statistically significant increase in the likelihood of compliance with a standardized follow-up care
bundle and a significant reduction in peritonitis. We sought to determine if compliance with care bundles and low peritonitis rates
could be sustained in centers continuously participating for 84 months.

Methods Centers that participated from collaborative launch through the 84-month study period and provided pre-launch
peritonitis rates were included. Children on maintenance peritoneal dialysis were eligible for enrollment. Changes in bundle
compliance were assessed using a logistic regression model or a generalized linear mixed model (GLMM). Changes in average
annualized peritonitis rates over time were modeled using GLMMs.

Results Nineteen centers contributed 1055 patients with 1268 catheters and 17,247 follow-up encounters. The likelihood of
follow-up compliance increased significantly over the study period (OR 1.05 95% confidence interval (CI) 1.03, 1.07; p < 0.001).
Centers achieved > 80% follow-up bundle compliance by 28 months and maintained a mean compliance of 84% between 28 and
84 months post-launch. Average monthly peritonitis rates decreased from 0.53 (95% CI 0.37, 0.70) infections per patient-year
pre-launch to 0.30 (95% CI1 0.23, 0.43) at 84 months post-launch, p < 0.001.

Conclusions Centers participating in the SCOPE Collaborative for 84 months achieved and maintained a high level of compli-
ance with a standardized follow-up care bundle and demonstrated a significant and continued reduction in average monthly
peritonitis rates.
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Introduction

Peritonitis is a significant complication of maintenance peritoneal
dialysis (PD) in children, and a leading contributor to hospitali-
zation, PD failure, and mortality [1-3]. The Standardizing Care
to Improve Outcomes in Pediatric End Stage Kidney Disease
(SCOPE) Collaborative is a multi-center national quality trans-
formation network that uses quality improvement methodology
to increase implementation of standardized care practices in an
effort to improve outcomes [4]. SCOPE previously demonstrated
a significant increase in the implementation of a standardized
follow-up care bundle for PD catheter care and a concomitant
significant decrease in the center peritonitis rates among centers
participating in the first 36 months of the collaborative, from its
launch on October 1, 2011, through September 30, 2014 [5]. A
sensitivity analysis revealed that across the collaborative, a
threshold of 80% compliance with the follow-up bundle was
associated with a significant reduction in peritonitis rates [5].
The subsequent patient-level analysis also demonstrated that
compliance with the follow-up care bundle was associated with
a decreased risk for peritonitis [6]. This manuscript describes the
results of the first 7 years of the SCOPE Collaborative, with a
focus on the rates of compliance with standardized care bundles
and peritonitis rates among centers that have continuously par-
ticipated in the collaborative since its launch and from which pre-
launch infection rates were submitted.

Methods
Collaborative structure

The SCOPE Collaborative is a partnership among the quality
improvement coaches and staff at Children’s Hospital
Association (CHA), a multi-disciplinary and multi-
institutional core faculty, and healthcare professionals at 52
participating pediatric dialysis centers in the USA [4]. Details
of the collaborative structure and the quality improvement
process utilized have been previously described [4].

Care bundles

The SCOPE PD project aims to increase the implementation
of standardized bundles focused on key areas of PD catheter
care: catheter insertion, PD training of the child/caregiver, and
maintenance or follow-up care. The components of the care
bundles are shown in Table 1 [4].

Measures and data
All children who received maintenance PD at the participating

centers were eligible for enrollment in SCOPE, including ne-
onates who initiated maintenance PD during their initial
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Table 1  SCOPE Care Practice Bundles [4]

Peritoneal Dialysis Catheter Insertion Bundle:

Standardize intra-operative care:

PD catheter exit-site orientation is in the lateral or downward position

A single dose of a first-generation cephalosporin is given prior to incision

No sutures are placed at exit site

Standardize post-operative care:

Exit-site dressing is not changed for the first seven post-operative days,
unless soiled, loose, or damp, and if changed, changed by a health
professional

Sterile procedure is used for all exit-site dressing changes until the exit
site is healed

PD Catheter is immobilized until exit site is healed

PD catheter is not used for peritoneal dialysis for at least 14 post-operative
days

Patient and Caregiver Training Bundle

Standardize initial patient and care giver training to include:

Training performed by a qualified Registered Nurse

Trainer to trainee (or family) ratio 1:1

Appropriate teaching aides such as photographs, mannequin, or apron
used during training

Training should cover all elements specified in International Society for
Peritoneal Dialysis (ISPD) guidelines [7]

Training should include specific procedures for:

Hand hygiene procedure using the World Health Organization guidelines

Exit-site care

Aseptic Connection Technique

Post-training concept and demonstration test administered

Home visit performed

Follow-up Care Bundle

Standardize the inclusion of the following at each monthly visit:

Objective score of exit site using standardized scoring tool [8]

Review key aspects of:

Hand hygiene

Exit-site care AND

Aseptic technique

Query for touch contaminations or other break in aseptic technique and
whether they were treated according to ISPD guidelines

Repeat concept and demonstration test administered every six months

Patient/care giver receives training after a peritonitis episode

hospitalization but who had not yet established outpatient di-
alysis care. However, because available pre-launch baseline
data was submitted only from children receiving PD in the
outpatient setting, the post-launch analysis included infections
and catheter months at risk for neonates on maintenance PD
only after outpatient dialysis care was established. Age at en-
rollment for these patients was designated as the date of dis-
charge from the initial hospitalization. For non-neonates, age
at enrollment was the date of catheter insertion for incident
patients and the date that the center began participating in
SCOPE for prevalent patients.

Demographic data collected at enrollment included: age,
race/ethnicity (Black, White, Hispanic, other), sex, and cause
of kidney failure. Centers reported peritonitis episodes, in-
cluding culture results, and compliance with the bundle care
practices at monthly intervals following the collaborative
launch. Compliance for the care bundles was assessed as all-
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or-none, meaning that each catheter insertion, training session,
or follow-up event had to comply with all the components of
the respective bundle to be considered compliant. In children
who had more than one catheter inserted during the study
period, each insertion was scored as a separate event. For
children enrolled in SCOPE while already on PD (prevalent
patients), data on catheter insertion were collected, but not
scored for compliance. The collaborative staff conducted on-
going monitoring of data entry and provided biannual missing
data reports to centers to encourage complete data entry. To
confirm full reporting of infection events, centers were
contacted prior to the data lock for the current analysis.

Baseline data collected from the centers included the num-
ber of patients, peritonitis episodes, and patient demographics
for the 13 months prior to the collaborative launch. For base-
line data, age at the start of the 13-month period was submitted
for prevalent patients and age at dialysis initiation submitted
for patients initiating dialysis during the 13-month pre-study
period.

Outcomes

While the outcome measures for the SCOPE Collaborative
were exit-site infection and peritonitis rates, the current anal-
ysis focuses on peritonitis rates. Centers reported peritonitis
episodes as clinically diagnosed but were encouraged to fol-
low the International Society of Peritoneal Dialysis (ISPD)
guidance for the detection and diagnosis of peritonitis [7].
Per ISPD guidelines, relapsing peritonitis, defined as a recur-
rence of peritonitis with the same organism according to anti-
biotic susceptibilities as in the immediately preceding episode,
or a second culture-negative infection within 4 weeks of com-
pletion of antibiotic treatment, was not counted as a new in-
fection [7].

Statistical considerations

Categorical descriptive statistics were summarized using fre-
quencies and percentages; continuous descriptive statistics
were summarized using medians with interquartile ranges.
Categorical patient demographics pre- and post-collaborative
launch and distribution of peritonitis organisms were com-
pared using a chi-square test of association; the difference in
continuous variables was assessed with a Wilcoxon signed-
rank test. Changes in patient demographics, distribution of
causative organisms, and risk factors associated with peritoni-
tis over time were assessed using a second-order Rao-Scott
chi-square test to account for correlation of patient and cathe-
ters contributing patient months across multiple years of the
collaborative. Changes in bundle compliance post-
collaborative launch were assessed using a generalized linear
mixed model (GLMM), assuming an underlying binomial dis-
tribution and a logit link function.

Peritonitis rates were summarized as annualized rates as
previously described [5, 7]. Average monthly annualized col-
laborative rates were modeled as the mean of the center rates.
Changes in annualized monthly peritonitis rates were assessed
using an interrupted time series (ITS) approach applied to a
GLMM framework. To account for overdispersion, peritonitis
rates were modeled assuming a negative binomial distribution
and a log link function. Initial covariates in the ITS model
included a pre-launch slope effect, a post-launch slope effect,
and an effect to capture any change in model intercept be-
tween the pre-launch and post-launch periods. The pre-
launch slope effect and the effect capturing change in model
intercept at the time of collaborative launch were highly non-
significant and were removed from the model so the final ITS
model included only a post-launch slope effect. All GLMM
models included a random effect for the center to accommo-
date center-specific variability.

All analyses were conducted using SAS, version 9.4 (SAS
Institute, Inc., Cary, NC). Tests with a p value of 0.05 or less
were considered statistically significant.

Ethics

All participating centers received approval from their respec-
tive institutional review boards.

Results

Fifty-two pediatric dialysis centers currently participate in the
SCOPE Collaborative, 24 of which were participating at the
collaborative launch in October 2011. Of the 24 centers, 19
continuously participated in SCOPE for the 84 months be-
tween launch and September 30, 2018, and were included in
the analysis. Enrollments from the 19 centers included 1268
PD catheters in 1055 patients contributing 19,441 catheter
months during the 84-month study period. Data from 895
incident catheter insertions, 677 initial training sessions, and
17,247 follow-up encounters were submitted during the 84-
month study period. Median age at enrollment was 8 years
[interquartile range (IQR): 1, 14], 54.1% of patients were
male, 48.9% White, and 23.5% Hispanic (Table 2). The me-
dian age at enrollment gradually decreased over the 7-year
study period with a median age of ten years (IQR 2, 15)
among the 324 patients enrolled in the first year of the collab-
orative compared to 6 years (IQR 1, 14) among the 297 pa-
tients enrolled in the final year of the study period; however,
the change was not statistically significant (p = 0.07).
Similarly, the percentage of children under age two and aged
two to < five years at enrollment increased over time, but the
difference did not reach statistical significance (p = 0.06).
Congenital anomalies of the kidney and urinary tract
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Table 2 Demographics

of patients enrolled from N, patients 1055
19 centers during the 84-
month post-launch N, PD* catheters 1268
period Age, median (IQR) years 8(1.14)
Age, N (col %)
0-1 year 319 (30.2)
2-5 years 138 (13.1)
6-12 years 234 (22.2)
13-18 years 298 (28.2)
18+ years 59 (5.6)
Missing 7(0.7)
Sex, N (col %)
Male 571 (54.1)
Female 478 (45.3)
Missing 6 (0.6)
Race/ethnicity, N (col %)
White 516 (48.9)
Black 172 (16.3)
Hispanic 248 (23.5)
Other 119 (11.3)
Missing 0(0.0)
Cause of CKD 5**, N (col %)
CAKUT*#* 371 (35.2)
Glomerulonephritis 129 (12.2)
Polycystic kidney disease 55(5.2)
FSGS#s##* 204 (19.3)
Ciliopathy 28 (2.7)
Renal infarct 40 (3.8)
Other/missing 228 (21.6)

*PD, peritoneal dialysis
**CKD 5, stage 5 chronic kidney disease

*#CAKUT, congenital anomalies of the
kidney and urinary tract

*R*kFSGS, focal and segmental
glomerulosclerosis

(CAKUT) were the cause of kidney failure in 35.2% while
focal segmental glomerulosclerosis (FSGS) was present in
19.3%. Six hundred eighty-three of the 1055 patients
(64.74%) terminated PD during the study period. Median
(IQR) time from enrollment until termination of PD was 14
(6, 26) months, with the majority terminating PD due to kid-
ney transplant (n = 512, 48.5%), while 52 (11.9%) transferred
to hemodialysis, 18 (4.1%) regained kidney function, 99
(9.4%) transferred to a non-SCOPE center, and two (0.2%)
were lost to follow-up.

Fifteen of the 19 centers provided demographic character-
istics of the children receiving PD in their unit for the 13
months prior to the collaborative launch. A comparison of
the demographics of the 200 patients in the pre-launch and
862 patients in the post-launch cohorts from these 15 centers
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revealed that the median patient age in the pre-launch cohort
was significantly higher than post-launch (12 years (IQR 2,
16) versus 9 years (1.14), p < 0.001). The age distribution
between the two cohorts was significantly different, with a
lower proportion of patients < 2 years of age pre-launch
(19.5% versus 28.3%, p = 0.008). Racial and ethnic distribu-
tion of the two cohorts also varied with a higher proportion of
Black (23% versus 18%) and White (50.5% versus 47.9%)
children in the pre-launch cohort and a higher proportion of
Hispanic (20% versus 23.5%) patients in the post-launch pe-
riod (p = 0.026). There was no significant difference in sex or
cause of kidney failure between the two cohorts.

Overall mean monthly compliance with the follow-up care
bundle and compliance with each of the mandatory compo-
nents over the first 84 months of the collaborative is shown in
Fig. 1 [4, 8]. The likelihood of overall compliance with the
follow-up bundle increased significantly over the 84-month
period (OR 1.05 95% confidence interval (CI) 1.03, 1.07;
p <0.001) (Fig. 1) [4, 8]. Compliance with each of the indi-
vidual components increased relatively quickly, whereas de-
livery of a concept and demonstration test and overall compli-
ance, which requires that all components be completed during
the follow-up encounter, did not reach 80% until 28 months
following collaborative launch (Fig. 1) [5]. The 19 centers
subsequently maintained at least 80% overall compliance with
the follow-up care bundle over the remainder of the study
period, with a mean compliance of 84% between 28 and 84
months post-launch (Fig. 1).

Among the 19 centers included in this analysis, the likeli-
hood of compliance with the training bundle also increased
significantly over the 84-month study period (OR 1.04, 95%
CI1.01, 1.07, p=0.004) (Fig. 2). The components included in
this bundle are shown in Table 1 [4]. Compliance with the
majority of the training bundle elements was above 80% im-
mediately after collaborative launch except for the perfor-
mance of a home visit (Fig. 2). Compliance with this element,
and therefore overall bundle compliance, did not reach 80%
until the spring of 2015, more than 3.5 years following col-
laborative launch.

Figure 3 shows aggregate monthly compliance with the
catheter insertion bundle and compliance with each of the
mandatory components over the 84-month study period [4].
The likelihood of bundle compliance did not significantly in-
crease over the 84-month study period (OR 1.00, 95% CI
0.99, 1.01, p = 0.687). Compliance with the majority of the
bundle components was very high throughout the study period
apart from avoiding the use of the catheter for PD in the first
14 days after catheter placement.

Table 3 shows the distribution by study year of character-
istics or factors known to be associated with an increased risk
for peritonitis in children. There was no significant change in
the percentage of any of these characteristics or factors among
the patients enrolled in the collaborative over the 7-year study
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Overall Follow Up Bundle and Subcomponent Compliance
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Fig. 1 Follow-up Care Bundle Compliance: Model estimates of
aggregate monthly compliance with the Follow-up Care Bundle and each
of the mandatory components of that bundle at 19 centers for 84 months
following the SCOPE Collaborative launch on October 1, 2011. The
likelihood of follow-up bundle compliance increased significantly over
the study period (OR 1.05 95% confidence interval (CI) 1.03, 1.07;

period. Note that a single catheter may contribute data to more
than one study year. A review of the distribution of the num-
ber of patients enrolled, the number of catheter months, and
the catheter months per enrolled patient per year revealed that
each was relatively stable over the 7-year study period (data
not shown).

The 19 centers reported 152 episodes of peritonitis over
3031 patient months during the 13 months pre-launch period,
and 648 peritonitis episodes over 19,441 patient months

p < 0.001). Compliance with the individual bundle components was
relatively high shortly after collaborative launch, but overall compliance,
which requires compliance with each of the bundle components, did not
achieve 80% until 28 months post-launch. Centers were able to maintain
high-level compliance beyond that point and mean overall compliance
was 84% between 28 and 84 months post-launch

during the 84 months post-launch study period. Gram-
positive organisms were identified in 40% of the peritonitis
episodes, while 17.7% were due to Gram-negative organisms.
Both Gram-positive and Gram-negative organisms were cul-
tured in 10.8%, with fungi and other organisms identified in
5.1% and 3.2% of episodes, respectively. Effluent cultures
were negative in 150 of the reported peritonitis episodes
(23.1%). Table 4 reveals the distribution of causative organ-
isms by year. There was no statistically significant change in

Overall Training Bundle and Subcomponent Compliance
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Fig. 2 Patient/Caregiver Training Bundle Compliance: Model estimates
of aggregate monthly compliance with the Patient/Caregiver Training
Bundle and each of the mandatory components of that bundle at 19
centers for 84 months following the SCOPE Collaborative launch on
October 1, 2011. The likelihood of compliance with the training bundle
increased significantly over the 84-month study period (OR 1.04, 95% CI

1.01, 1.07, p = 0.004). Compliance with the majority of the mandatory
training bundle components was above 80% immediately after collabo-
rative launch except for the performance of a home visit. Compliance
with this bundle component, and therefore overall compliance, did not
reach 80% until spring 2015
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Overall Insertion Bundle and Subcomponent Compliance
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Fig. 3 Peritoneal Dialysis Catheter Insertion Bundle Compliance: Model
estimates of aggregate monthly compliance with the Peritoneal Dialysis
Catheter Insertion Bundle and each of the mandatory components of that
bundle at 19 centers for 84 months following the SCOPE Collaborative
launch on October 1,201 1. The likelihood of compliance with this bundle

the percentage of any group of organisms for the 84-month
study period (p = 0.88). Causative organisms were not cap-
tured in the pre-launch period.

Peritonitis rates for the 19 centers, calculated for the pre-
launch and post-launch periods, are shown in Fig. 4. The
decrease in infection rate observed in the first 36 months
persisted between 37 and 84 months, and there was a signif-
icant reduction in average peritonitis rates from 0.53 infec-
tions per patient-year (95% CI 0.37, 0.70) pre-launch to 0.30
infections per patient-year (95% CI 0.23, 0.43) at 84 months
post-launch, p < 0.001.

Discussion

Peritonitis is a significant complication of PD and remains a
leading cause of morbidity and mortality. The SCOPE
Collaborative’s first project therefore focused on reducing this
preventable infection among children on maintenance PD.
The current analysis reveals that centers continuously partici-
pating in the SCOPE Collaborative from launch through 84
months post-launch were able to significantly increase the
likelihood of compliance with a standardized follow-up care
bundle. Similar to the study of centers participating in
SCOPE’s first 3 years, the current analysis reveals that achiev-
ing 80% compliance with the follow-up bundle required more
than 2 years of participation in the collaborative [5]. The delay
in achieving this threshold may be related to the all-or-none
compliance scoring. That is, every component in the care bun-
dle had to be completed for a follow-up care episode to be
considered compliant [4, 5]. Given the significant work
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did not significantly increase over the 84-month study period (OR 1.00,
95% C1 0.99, 1.01, p = 0.687). Compliance with the majority of bundle
components was very high throughout the study period except for
avoiding the use of the catheter for peritoneal dialysis in the first 14 days
after catheter placement

required to achieve compliance with the care bundles, the risk
for complacency or burnout increases over time. However, the
current analysis reveals that once this threshold was achieved,
SCOPE centers were able to maintain a high level of compli-
ance with the follow-up bundle through 84 months of partic-
ipation. Perhaps most importantly, these centers were able to
demonstrate continued improvement in peritonitis rates for the
entire post-launch period.

That consistent compliance with the follow-up bundle con-
tributed to the ongoing reduction in peritonitis rates is support-
ed by previous SCOPE analyses that demonstrated an associ-
ation between compliance with this care bundle and the risk
for infection at the patient level [6]. In addition, there was no
significant change in other factors known to be associated
with risk for infection over the 84-month study period. In fact,
the median age of the post-launch cohort was lower than the
pre-launch period, and young age has been associated with
increased risk for peritonitis [1, 2, 6, 9].

It should be noted that the ongoing reduction in peritonitis
rates occurred despite the influx of children and families new
to PD during the study period, while others received kidney
transplants and discontinued dialysis. Central to the quality
improvement process is the creation of a culture of safety,
where identification of mistakes and “near misses” is viewed
as an opportunity for improvement, rather than assigning
blame. Children and families new to PD following the collab-
orative launch were trained and received their PD care exclu-
sively in this culture of safety, and so it is possible that this
created an environment where acknowledgment of touch con-
taminations or breaks in the aseptic technique that require a
corrective action is the norm. There may also be less resistance
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Table 3  Distribution of factors and peritoneal dialysis catheter characteristics previously shown to be associated with risk for peritonitis for the entire
84-month study period cohort and then by study year

Total, -84 Oct2011-  Oct2012—  Oct2013— Oct2014- Oct2015- Oct2016~ Oct2017- p
months Sep 2012 Sep 2013 Sep 2014 Sep 2015 Sep 2016 Sep 2017 Sep 2018 value

N, catheters 1268 336 407 407 380 357 301 187

Gastrostomy tube, N (%) 496 (39.1) 131 (39.0) 164 (40.3) 166 (40.8) 150(39.5) 160 (44.8) 135(449) 78 (41.7) 0914

Reported touch 356 (28.1) 103 (30.7) 135(33.2) 138(33.9) 140(36.8) 136(38.1) 108(35.9) 63(33.7) 0.931
contamination, N (%)

Orientation of exit site, N 0.829
(%)

Lateral 543 (42.8) 162 (48.2) 195(47.9) 182 (44.7) 167(43.9) 151 (42.3) 119(39.5)  75(40.1)

Downward 550 (43.4) 134(39.9) 186(45.7) 188 (46.2) 173 (45.5) 165(46.2) 144 (47.8) 82(43.9)

Upward 46 (3.6) 9(2.7) 7 (1.7) 13(3.2) 12 (3.2) 13 (3.6) 9(3.0) 6(3.2)

Missing 129 (10.2) 319.2) 19 4.7) 24 (5.9) 28 (7.4) 28 (7.8) 29 (9.6) 24 (12.8)

Number of subcutaneous 0.201
cuffs, N (%)

1 320 (25.2) 104 (31.0) 115(28.3) 105(25.8) 82(21.6) 74 (20.7) 61 (20.3) 52 (27.8)

2 813 (64.1) 202 (60.1) 271 (66.6) 273 (67.1) 269 (70.8) 253 (70.9) 207 (68.8) 110 (58.8)

Missing 135 (10.6) 30 (8.9) 21(5.2) 29 (7.1) 29 (7.6) 30 (8.4) 33 (11.0) 25(13.4)

Catheter tunnel 0.825
configuration, N (%)

Swan neck 807 (63.6) 215 (64.0) 286(70.3) 274 (67.3) 257(67.6) 245(68.6) 193 (64.1) 103 (55.1)

Straight 282 (22.2)  70(20.8) 80 (19.7) 89 (21.9) 81 (21.3) 73 (20.4) 67 (22.3) 52 (27.8)

Other 30 (2.4) 16 (4.8) 15(3.7) 12 (2.9) 9(24) 6 (1.7) 5.7 3 (1.6)

Missing 149 (11.8)  35(10.4) 26 (6.4) 32(7.9) 33 (8.7) 33(9.2) 36 (12.0) 29 (15.5)

Catheter intraperitoneal 0913
configuration, N (%)

Curled 1057 (83.4) 282(83.9) 364(89.4) 354(87.0) 327 (86.1) 302 (84.6) 253 (84.1) 150 (80.2)

Straight 70 (5.5) 22 (6.5) 20 (4.9) 21(5.2) 21(5.5) 22(6.2) 13 (4.3) 11(5.9)

Missing 141 (11.1) 32(9.5) 23 (5.7) 32(7.9) 32 (84) 33(9.2) 35(11.6) 26 (13.9)

Catheter adapter, N (%) 0.228

Plastic/other 289 (22.8) 103 (30.7) 126 (31.0) 121 (29.7) 96 (25.3) 80 (22.4) 65 (21.6) 36 (19.3)

Titanium 860 (67.8) 205 (61.0) 265 (65.1) 262 (64.4) 258 (67.9) 251(70.3) 212(70.4) 131 (70.1)

Missing 119 9.4) 28 (8.3) 16 (3.9) 24 (5.9) 26 (6.8) 26 (7.3) 24 (8.0) 20 (10.7)

to the repeated review of care practices and demonstration of ~ up bundle if that practice is implemented at the time of dialysis
competency with those procedures as required by the follow- initiation.

Table 4  Distribution of causative organisms for 648 peritonitis episodes reported over the 84-month study period, by study year

Oct 2011-Sep  Oct 2012-Sep  Oct 2013-Sep Oct 2014-Sep  Oct 2015-Sep  Oct 2016-Sep  Oct 2017-Sep
2012 2013 2014 2015 2016 2017 2018

N, peritonitis episodes 79 104 124 94 89 86 72

N, peritoneal dialysis catheter 2293 2850 3026 2996 2945 2829 2503
months
Causative organism(s)

Gram positive, N (col %) 34 (43.0%) 33 (31.7%) 55 (44.4%) 36 (38.3%) 37 (41.6%) 34 (39.5%) 30 (41.7%)

Gram negative, N (col %) 14 (17.7%) 21 (20.2%) 20 (16.1%) 15 (16.0%) 15 (16.9%) 17 (19.8%) 13 (18.1%)
Polymicrobial, N (col %) 12 (15.2%) 14 (13.5%) 10 (8.1%) 9 (9.6%) 10 (11.2%) 9 (10.5%) 6 (8.3%)
Fungal, N (col %) 7 (8.9%) 5 (4.8%) 7 (5.6%) 6 (6.4%) 4 (4.5%) 1 (1.2%) 3 (4.2%)
Other, N (col %) 3 (3.8%) 5 (4.8%) 2 (1.6%) 2 (2.1%) 3 (3.4%) 3 (3.5%) 3 (4.2%)

Culture negative, N (col %) 9 (11.4%) 26 (25.0%) 30 (24.2%) 26 (27.7%) 20 (22.5%) 22 (25.6%) 17 (23.6%)
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Fig. 4 Average monthly peritonitis rates, expressed as annual rates,
among 19 SCOPE centers for whom baseline infection rates were
available for the 13 months prior to the collaborative launch on October
1, 2011. Differences between the pre-launch and the post-launch perito-
nitis rates were modeled using generalized linear mixed models tech-
niques assuming a negative binomial distribution with a natural log link
function and a binomial distribution with a logit link function, respective-
ly. Covariates in the model included a pre-launch slope effect, a post-
launch slope effect, and an effect to capture any change in model intercept
between the pre-launch and post-launch periods. A random effect for the
center was included in these models to accommodate center-specific var-
iability in peritonitis rates. This model revealed that the decrease in infec-
tion rate observed in the first 36 months persisted and there was a signif-
icant reduction in the average monthly peritonitis rates from 0.53 (95% CI
0.37, 0.70) pre-launch to 0.30 infections per patient-year (95% CI 0.23,
0.43) at 84 months post-launch, p < 0.001

In contrast to the analysis of SCOPE data at 3 years post-
launch, the current study detected a significant increase in the
likelihood of compliance with the training bundle [5]. While it
is possible that increased compliance with this bundle also
contributed to the ongoing reduction in peritonitis rates over
time, our previous analysis did not demonstrate an association
between compliance with this care bundle and risk for infec-
tion at the patient level [6]. The follow-up care bundle in-
cludes an ongoing review of the key aspects of hand hygiene,
exit-site care, and aseptic technique, so children on PD and
their caregivers receive ongoing training monthly, which may
minimize the potential negative impact of non-compliance
with the training bundle. It should be noted, however, that
compliance with the home visit was the single training bundle
element for which compliance did not exceed 80% in the first
few months of the collaborative. As additional training ses-
sions are submitted, further analysis to determine if compli-
ance with a home visit is associated with a decreased risk for
infection may be warranted.

While compliance with two of the care bundles improved
over the course of the collaborative, there has not been signif-
icant improvement in compliance with the PD catheter inser-
tion bundle over time, and non-compliance was largely driven
by early use of the PD catheter. Previous analysis of SCOPE
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data has shown that the use of the PD catheter for dialysis
within 14 days of insertion is associated with an increased risk
of peritonitis in the first 60 days after catheter placement [10].
Barriers to compliance with this bundle component include
the need to provide dialysis relatively urgently in neonates
with congenital anomalies of the kidney and urinary tract,
particularly those who are oligoanuric [10]. To better charac-
terize early catheter use and its role in infection, SCOPE is
now collecting additional catheter-related data regarding the
specific date post-placement when dialysis is initiated and
whether dialysate leakage from the catheter exit site occurred
with dialysis initiation.

There are some limitations to the collaborative, in particu-
lar, that enrollment and data submission are voluntary, and so
there is a risk for selection bias. However, complete data entry
and data transparency are crucial to the quality improvement
process, and much of the work of SCOPE’s quality improve-
ment support team focuses on optimizing data entry. The
prolonged period required to achieve compliance with the
follow-up care bundle and the ongoing low compliance with
specific components of the training and insertion bundles ar-
gues against the censuring of unfavorable data. Another lim-
itation is that there was no central adjudication of infection
events. However, as stated in the methods, centers were ad-
vised to use the definition of peritonitis endorsed by the ISPD
[8].

In summary, SCOPE centers continuously participating in
the collaborative for 84 months were able to achieve and
maintain a high level of compliance with a standardized PD
catheter care follow-up bundle and demonstrated a significant
and continued reduction in peritonitis rates over the study
period. The success of the collaborative suggests that ongoing
attention to catheter care is important to minimize the risk for
this preventable infection in children on PD. Further work will
be required to elucidate the impact of compliance with the
training bundle on the risk for infection and to address barriers
to compliance with the PD catheter insertion bundle.
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