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Abstract
Background Peritoneal dialysis (PD) is the preferred chronic dialysis modality amongst pediatric patients. Peritonitis is a
devastating complication of PD. Adult data demonstrates early onset peritonitis (EP) is associated with higher rates of subsequent
peritonitis and technique failure. Limited data exists regarding EP in the pediatric population, here defined as peritonitis occurring
within 60 days of catheter insertion.
Methods PD catheter insertion practices and EP episodes were examined from the Standardizing Care to Improve Outcomes in
Pediatric End Stage Renal Disease (SCOPE) collaborative database.
Results There were 98 episodes of EP amongst 1106 PD catheters inserted. Multivariable analysis demonstrated a significant
association between early use of the PD catheter and EP (P = 0.001). Age less than 1 year at the time of catheter insertion
(P < 0.001), first catheter placed (P < 0.001) for the patient, use of a plastic adapter (P = 0.003), placement of sutures at the exit
site (ES) (P = 0.032), and dressing change prior to 7 days post-operatively (P < 0.001) were all significantly associated with early
PD catheter use. Concurrent placement of a hemodialysis catheter was associated with a decreased risk for early PD catheter use
(P = 0.010).
Conclusions In this large cohort of pediatric PD recipients, 8.4% of PD catheters were associated with the development of EP.
The finding of an association between early use of the PD catheter and EP represents a potentially modifiable risk factor to reduce
infection rates within this patient population.
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Introduction

Peritoneal dialysis (PD) is the most frequently utilized renal re-
placement modality amongst children requiring chronic dialysis

[1]. Peritonitis is a devastating complication of PD, the most
severe outcomes of which include technique failure resulting in
permanent transition to hemodialysis (HD) and death [2, 3].

The adult literature has demonstrated that early onset peri-
tonitis (EP) (variably defined as occurring between 3 and
24 months post-PD initiation) is associated with higher rates
of subsequent peritonitis episodes and technique failure as
compared to late-onset peritonitis [4, 5]. A paucity of data
exists evaluating EP, here defined as peritonitis occurring
within 60 days of catheter insertion, within the pediatric pop-
ulation. Given the impact identified in adults, EP in pediatrics
warrants exploration to identify risk factors, especially poten-
tially modifiable ones, which could influence the development
of peritonitis.

The SCOPE collaborative is a multicenter quality improve-
ment initiative in the USA aimed at reducing peritonitis rates
amongst the pediatric chronic dialysis population through the
use of standardized care bundles for catheter insertion, train-
ing, and follow-up care [6]. This study aims to evaluate the
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application of the insertion care bundle in SCOPE participat-
ing dialysis centers to identify risk factors associated with EP.

Design and methods

Cohort definition

The SCOPE collaborative design, catheter care bundle char-
acteristics, and impact of the quality improvement activities
on peritonitis rates have been previously described [6]. All PD
catheters inserted at or after enrollment during the study peri-
od defined as October 1, 2011, through November 30, 2017,
were included in this analysis. Multiple catheter insertions in a
single patient during the study periodwere counted as separate
events. PD catheters placed for treatment of acute kidney in-
jury were excluded; chronic PD catheters placed prior to the
launch of the Collaborative were also excluded from this anal-
ysis. Relapsing episodes of peritonitis were not counted as
separate episodes, as per the International Society for
Peritoneal Dialysis (ISPD) [7]. PD catheter insertion bundle
compliance (Table 1) and peritonitis episodes were prospec-
tively collected. The Declaration of Helsinki was followed
and the collaborative protocol was approved by the
Institutional Review Board at each participating center.
Informed consent was obtained where required by the institu-
tion’s Institutional Review Board.

Data collection

Patient demographics were collected at the time of enrollment.
Catheter characteristics, provider insertion bundle compli-
ance, and peritonitis episodes were prospectively collected
for all PD catheter placements during the collaborative.
While patients enrolled in the collaborative may have been
followed for a longer period of time, this analysis was

restricted to the first 60-day post-PD catheter insertion, regard-
less of whether PD was actually initiated.

Peritonitis events were reported by each center. Centers
were encouraged to use the definition of peritonitis endorsed
by the ISPD, i.e., an effluent white blood cell count greater
than 100/mm3 with at least 50% polymorphonuclear leuko-
cytes, with or without the presence of a positive culture [7].

Statistical analysis

Patient demographics and clinical characteristics at insertion
were summarized using frequencies for categorical variable and
medians with interquartile range (IQR) for continuous variables.
We compared demographic and clinical characteristics between
(1) catheters with versus without EP and (2) catheters in which
dialysis was initiated early (within 14 days of insertion) versus
catheters for which dialysis was initiated more than 14 days after
insertion using a chi-square test for association.

To assess risk factors associatedwith EP and early PD catheter
use, we used a multivariable generalized linear mixed model
(GLMM) approach assuming an underlying binomial distribu-
tion and a logit link function. To account for correlation of inser-
tion and care practices of catheters seen at the same center, we fit
a PD-center-specific random effect. The risks of EP and early PD
catheter use were summarized using adjusted odds ratios (OR)
with 95% confidence intervals (CI). Only covariates demonstrat-
ing statistical significance in a univariate analysis were included
in the GLMM adjustment. Covariates included in the GLMM
assessing risks of EP and early PD catheter use can be found in
Tables 2 and 4, respectively.

All analyses were performed using SAS (v. 9.4; SAS
Institute, Inc., Cary, NC). P values less than 0.05 were con-
sidered statistically significant.

Results

Patient characteristics

There were 1106 unique catheter insertions, 93 of which were
associated with a total of 98 episodes of EP within the study
period. Eighty-eight catheters were associated with 1 episode
of EP, 5 catheters were associated with 2 episodes, none of
which were relapsing. Of the 98 episodes of EP, 34.7% were
culture-negative, 28.6% gram-positive, and 19.4% gram-
negative in origin. Table 2 compares patient and catheter char-
acteristics of those with and without EP. In the univariate
analysis, sex, race, underlying etiology of ESRD, and catheter
placement technique (open vs. laparoscopic) were not signif-
icantly different between the two groups. However, age at the
time of catheter insertion, dressing change prior to 7-day post-
catheter insertion, and early use of the PD catheter were all
significantly associated with EP.

Table 1 SCOPE PD catheter insertion bundle [6]

Intra-operative care

•Catheter exit site orientation is in the lateral or downward position

•A single dose of a first-generation cephalosporin is given prior to inci-
sion.

•No sutures are placed at catheter exit site.

Post-operative care

•Exit site dressing is not changed for the first 7 post-operative days,
unless soiled, loose or damp, and if changed, conducted by a healthcare
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.
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Table 2 Patient and catheter characteristics of children with and without early onset peritonitis

Patient/catheter characteristics No EP (N = 1013) EP (N = 93) P value

Age at insertion (years) 0.007

< 1 year 224 (22.1) 32 (34.4)

> 1 year 788 (77.9) 61 (65.6)

Sex 0.336

Male 586 (57.8) 49 (52.7)

Female 427 (42.2) 44 (47.3)

Race 0.909

White 472 (46.6) 43 (46.2)

Black 178 (17.6) 19 (20.4)

Hispanic 259 (25.6) 22 (23.7)

Other 104 (10.3) 9 (9.7)

Primary diagnosis 0.389

CAKUT 425 (42.0) 47 (50.5)

GN 132 (13.0) 5 (5.4)

PKD 48 (4.7) 5 (5.4)

FSGS 123 (12.1) 13 (14.0)

Ciliopathy 33 (3.3) 2 (2.2)

Infarct/injury 48 (4.7) 4 (4.3)

Other 204 (20.1) 17 (18.3)

425 (42.0) 47 (50.5)

Orientation 0.110

Lateral 399 (41.8) 31 (36.9)

Downward 513 (53.7) 45 (53.6)

Upward 43 (4.5) 8 (9.5)

Cuff number 0.680

One 231 (23.9) 22 (25.9)

Two 736 (76.1) 63 (74.1)

Tunnel configuration 0.528

Swan neck 672 (70.1) 55 (65.5)

Straight 268 (27.9) 28 (33.3)

Other 19 (2.0) 1 (1.2)

Intra-abdominal configuration 0.054

Curled 907 (93.8) 84 (98.8)

Straight 60 (6.2) 1 (1.2)

Insertion procedure 0.440

Laparoscopic 671 (69.5) 55 (65.5)

Open 294 (30.5) 29 (34.5)

Adaptor 0.062

Titanium 688 (71.2) 53 (61.6)

Plastic 278 (28.8) 33 (38.4)

Sutures at exit site 0.806

No 879 (91.4) 77 (90.6)

Yes 83 (8.6) 8 (9.4)

Concurrent procedure/placement

G-tube 60 (6.2) 8 (9.5) 0.240

Hemodialysis catheter 101 (10.5) 5 (6.0) 0.186

Other 349 (36.2) 41 (48.8) 0.022

IV antibiotic given 0.517

No 33 (3.5) 1 (1.2)
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Risk factors for early peritonitis

Results of the multivariable GLMM assessing factors associated
with EP demonstrated that, of all the aforementioned variables,
only early use of the PD catheter was significantly associated
with EP (OR 1.9; 95% CI 1.2 to 3.1; P = 0.001) (Table 3).

Timeline to peritonitis

The timeline in days to the first episode of EP was not signifi-
cantly different between PD catheters used early (within 14 days
of insertion) as compared with those used after 14 days of inser-
tion. Median time to the first episode of EP was 23.5 days (IQR
[10, 35]) for early use PD catheters versus 25 days (IQR [14, 39])
for catheters used after 14 days of insertion (P = 0.423).

Early PD catheter use

Given the strong association between early PD catheter use
and EP, a secondary analysis was conducted to further evalu-
ate early catheter use (Table 4). Of the 1065 catheters inserted
for which initiation of catheter use was reported, 345 (32.4%)
were used for dialysis within 14 days of insertion. Similar to
the development of EP, age at the time of catheter insertion
was significantly associated with early catheter use in the un-
adjusted analysis. Additionally, primary diagnosis, catheter
orientation, number of catheter cuffs, tunnel configuration,
adaptor type, sutures placed at the ES, and dressing change
prior to 7-day post-catheter insertion were also significantly
associated with early use of the PD catheter.

Multivariable analysis (Table 5) demonstrated that age <
1 year at the time of PD catheter insertion was a significant
risk factor for early use (OR 2.5; 95% CI 1.7 to 3.6;
P < 0.001). Primary diagnosis of polycystic kidney disease
(OR 2.5; 95% CI 1.3 to 4.9; P = 0.009), first catheter placed
(OR 2.2; 95% CI 1.5 to 3.2; P < 0.001), plastic adapter (OR
1.7; 95% CI 1.2 to 2.4; P = 0.003), sutures placed at the ES
(OR 1.8; 95% CI 1.0 to 2.9; P = 0.032), and dressing change
prior to 7 days post-operatively (OR 2.0; 95% CI 1.5 to 2.8;
P < 0.001) were all significantly associated with early PD
catheter use. Single cuff and upward orientation both
approached, but did not meet statistical significance.
Placement of a hemodialysis catheter at the time of PD cath-
eter insertion was associated with a decreased risk for early
PD catheter use (OR 0.5; 95% CI 0.3 to 0.8; P = 0.010).

Discussion

In this large cohort of pediatric, chronic PD patients, 8.4% of
catheters were associated with the development of EP. Adult
data has identified a variety of patient-specific risk factors
associated with EP including male gender, higher BMI, hypo-
albuminemia, and a preceding ES infection [8–10]. In our
study, the multivariable model revealed that the occurrence
of EP was significantly higher in those children in whom the
PD catheter was used for dialysis earlier than the current

Table 3 Risk of early onset peritonitis

Variable OR (95%) P value

Age group

< 1 year 1.1 (0.6, 1.9) 0.723

> 1 year Reference

Early dressing change

Yes 1.5 (0.8, 2.9) 0.216

No Reference

Concurrent G-tube placement

Yes 1.9 (0.8, 4.4) 0.117

No Reference

Concurrent HD catheter placement

Yes 0.5 (0.2, 1.5) 0.300

No Reference

Adaptor type

Plastic 1.4 (0.9, 2.2) 0.187

Titanium Reference

Orientation

Upward 1.3 (0.6, 3.1) 0.532

Lateral/downward Reference

Early PD catheter use

Yes 1.9 (1.2, 3.1) 0.001

No Reference

Table 2 (continued)

Patient/catheter characteristics No EP (N = 1013) EP (N = 93) P value

Yes 910 (96.5) 83 (98.8)

Dressing change before 7 days post-op 0.010

No 585 (61.9) 40 (47.6)

Yes 360 (38.1) 44 (52.4)

Early use (within 14 days of insertion) 0.001

No 653 (69.1) 43 (50.6)

Yes 292 (30.9) 42 (49.4)
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Table 4 Patient and catheter characteristics of children with and without early use of the PD catheter

Patient/catheter characteristics No use within 14 days (N = 720) Use within 14 days (N = 345) P value

Age at insertion (years) < 0.001

< 1 year 125 (16.2) 129 (35.2)

> 1 year 646 (83.8) 237 (64.8)

Sex 0.612

Male 451 (58.4) 208 (56.8)

Female 321 (41.6) 158 (43.2)

Race 0.772

White 352 (45.6) 167 (45.6)

Black 140 (18.1) 62 (16.9)

Hispanic 206 (26.7) 95 (26.0)

Other 74 (9.6) 42 (11.5)

Primary diagnosis < 0.001

CAKUT 321 (41.6) 157 (42.9)

GN 107 (13.9) 30 (8.2)

PKD 26 (3.4) 27 (7.4)

FSGS 109 (14.1) 33 (9.0)

Ciliopathy 22 (2.8) 13 (3.6)

Infarct/injury 24 (3.1) 25 (6.8)

Other 163 (21.1) 81 (22.1)

Orientation < 0.001

Lateral 327 (42.9) 135 (37.6)

Downward 415 (54.4) 194 (54.0)

Upward 21 (2.8) 30 (8.4)

Cuff number < 0.001

One 153 (19.9) 112 (30.7)

Two 617 (80.1) 253 (69.3)

Tunnel configuration 0.002

Swan neck 555 (72.9) 235 (64.6)

Straight 188 (24.7) 125 (34.3)

Other 18 (2.4) 4 (1.1)

Intra-abdominal configuration 0.36

Curled 727 (94.5) 341 (93.2)

Straight 42 (5.5) 25 (6.8)

Insertion procedure 0.212

Laparoscopic 545 (70.7) 244 (67.0)

Open 226 (29.3) 120 (33.0)

Adaptor < 0.001

Titanium 589 (76.5) 226 (61.9)

Plastic 181 (23.5) 139 (38.1)

Sutures at exit site < 0.001

No 720 (93.6) 315 (87.0)

Yes 49 (6.4) 47 (13.0)

Concurrent procedure/placement

G-tube 65 (8.5) 7 (1.9) < 0.001

Hemodialysis catheter 92 (12.0) 20 (5.5) < 0.001

Other 277 (36.1) 146 (40.0) 0.207

IV antibiotic given 0.277

No 22 (2.9) 15 (4.2)

Yes 732 (97.1) 345 (95.8)
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International Society for Peritoneal Dialysis (ISPD) recom-
mended wait time of 14 days following insertion [7]. This
finding is noteworthy as it demonstrates a potentially modifi-
able risk factor to mitigate the development of EP.

It is equally important to discuss known risk factors for
peritonitis which did not demonstrate a significant association
with EP. Age less than 1 year was associated with an increased
risk of EP in the unadjusted analysis; however, once adjusted
for other covariates including early PD catheter use, the asso-
ciation between age and EP no longer existed, despite the fact
that peritonitis rates are known to be highest in this age group
[11]. This is not to negate the association between young age
and the development of peritonitis on the whole. Rather, it
highlights the finding that in terms of the critical window
within which EP is defined, only early use of the catheter
confers a significant risk.

Noteworthy is the recognition that most prior published anal-
yses regarding peritonitis in children have defined their study
periods based on dialysis initiation and the follow-up of patients
over a prolonged period of time. Our study is unique in that the
window of exposure began at the time of catheter placement,
extending 60 days. This therefore allows for the inclusion of
the critical window between insertion and dialysis initiation, ir-
respective of when the latter occurs. As a result, the association
between known risk factors for peritonitis, such as young patient
age, in this study may be slightly different than the association
between age and risk of peritonitis noted elsewhere. The same
rationale can be applied to other known risk factors for peritoni-
tis, such as upward orientation of the catheter, which did not
demonstrate an association with EP.

Prior publications examining the outcome of early PD cath-
eter use in pediatrics are limited. Patel et al. [12] found that
acute PD starts (within 48 h of insertion) were associated with
a greater frequency of dialysate leakage, while infections were
more frequently found in the comparative delayed (mean,
20 days ± 10 days) start group. That study was limited by a
small sample size of 33 patients, as well as a broad definition
of Bdelayed^ start (range 5–44 days). The adult literature is
difficult to generalize to pediatrics given inherent differences
in age and associated comorbidities, in addition to conflicting
results between studies. Povlsen et al. [13] found that acute
PD catheter use (< 24 h following insertion) was associated
with an increase in mechanical complications and therefore
surgical intervention, as compared with catheters associated
with a conventional start (> 12 days following insertion),
within a 3-month study period. However, no significant dif-
ference in infectious complications was noted. Contradicting
this study was the investigation by Pai et al. [14], in which no
difference in mechanical complications or infection rates were

Table 5 Risk of early PD catheter use

Variable OR (95%) P value

Age

< 1 year 2.5 (1.7, 3.6) < 0.001

> 1 year Reference

Primary diagnosis PKD

Yes 2.5 (1.3, 4.9) 0.009

No Reference

First catheter

Yes 2.2 (1.5, 3.2) < 0.001

No Reference

Orientation

Upward 1.8 (0.9, 3.6) 0.093

Lateral/downward Reference

Single cuff

Yes 1.4 (0.9, 2.2) 0.112

No Reference

Tunnel configuration

Swan neck Reference

Straight 1 (0.7, 1.5) 0.953

Other 0.4 (0.1, 1.5) 0.167

Adapter

Titanium Reference 0.003

Plastic 1.7 (1.2, 2.4)

Sutures at exit site

Yes 1.8 (1.0, 2.9) 0.032

No Reference

Concurrent G-tube placement < 0.001

Yes 0.2 (0.1, 0.4)

No Reference

Concurrent HD catheter placement

Yes 0.5 (0.3, 0.8) 0.010

No Reference

Dressing change before 7 days post-op

Yes 2.0 (1.5, 2.8) < 0.001

No Reference

Table 4 (continued)

Patient/catheter characteristics No use within 14 days (N = 720) Use within 14 days (N = 345) P value

Dressing change before 7 days post-op < 0.001

No 523 (67.9) 172 (47.3)

Yes 247 (32.1) 192 (52.7)
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found when comparing catheters associated with acute (<
14 days post-insertion) and conventional (> 14 days post-
insertion) start times, respectively. Our study is unique in that
it clearly demonstrates an infectious risk associated with early
PD catheter use in a large pediatric cohort.

Our data demonstrated that early use of the catheter was
also inversely associated with concurrent placement of a HD
catheter, the latter procedure in effect decreasing the risk of
early catheter use. It is interesting to note that concurrent
placement of a HD catheter was not found to be significantly
associated with a decreased risk of peritonitis within 60 days
of catheter placement. This analysis is limited by the relatively
small number of concurrent HD and PD catheter placements
(N = 112). Although SCOPE has more recently expanded to
collect data on children maintained on hemodialysis, the
dataset available for the current analysis does not identify
patients who had an HD catheter placed prior to PD place-
ment. Thus, this compromises our ability to evaluate the im-
pact of HD catheter placement on the early use of a PD cath-
eter, and/or the development of EP.

Early PD catheter use was subsequently found to be signifi-
cantly associatedwith age less than 1 year at the time of insertion,
use of a plastic adapter, and sutures placed at the exit site.
Recognizing that despite the association between early PD cath-
eter use and EP, clinical situations arise where a 14-day wait
period following PD catheter insertion is not possible. It is there-
fore prudent to make every effort to follow best practices in these
settings. Such practices include placement of a double-cuffed
catheter, lateral- or downward-oriented catheter ES without su-
tures at the ES, and the use of a titanium rather than plastic
adapter and/or gastrostomy tube (G-tube) insertion prior to or at
the time of PD catheter placement when feasible [15], to avoid
compounded risks for peritonitis.

The current ISPD recommendation of a wait period of
14 days following PD catheter insertion is a clinical recom-
mendation meant to allow time for the catheter ES to form a
seal and inhibit dialysate leakage. It is reasonable to assume
that in some instances, a PD catheter ES may reach this state
prior to 14 days in which case Bearly use^ could be considered
appropriate. Alternatively, should an ES take considerably
longer than 14 days to form an adequate seal, initiation of
PD at 15 days post-catheter placement would be considered
compliant with the SCOPE catheter insertion bundle and the
ISPD recommendations however may not be clinically appro-
priate, potentially leading to catheter leak and subsequent peri-
tonitis. Moving forward, the collaborative will collect the ex-
act date PD was initiated, the date the ES was visualized and
deemed healed, and information regarding dialysate leakage
within 30-day post-PD catheter insertion. This will ultimately
allow for a more informed recommendation on the preferred
timing of PD initiation relative to catheter insertion.

The results of this study should be considered in light of
several limitations. Firstly, the enrollment of patients at each

participating SCOPE center is voluntary; therefore, selection
bias may exist. However, SCOPE participants are highly mo-
tivated towards infection prevention and therefore it is pre-
sumed that most patients at each center are enrolled.
Secondly, although centers were encouraged to follow ISPD
guidelines in terms of the definition of peritonitis, there may
be institutional variability in the evaluation and diagnosis of
an infection event. Finally, due to the relatively low number of
EP episodes and small sample size, our study may not be
sufficiently powered to detect other meaningful associations
between provider practices and EP episodes. For example,
although we considered a sub-analysis of peritonitis episodes
within 30 days of catheter insertion, as these episodes are
more likely most reflective of surgical/intra-operative prac-
tices, we found that there were an insufficient number of ep-
isodes within this time frame for meaningful analysis.

In summary, this study demonstrates a significant associa-
tion between early use of the PD catheter for dialysis and the
development of peritonitis within 60 days of catheter inser-
tion, thereby further supporting the current ISPD recommen-
dation regarding avoidance of PD catheter use for 14 days
post-insertion [7]. The fact that these data identify a
provider-driven risk factor for peritonitis highlights a poten-
tially modifiable practice to reduce infection rates amongst the
chronic pediatric dialysis population.
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