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Abstract

Background: Home-based peritoneal dialysis (PD) is an alternative to facility-based hemodialysis and has lower costs and
greater freedom for patients with kidney failure. For a patient to undergo PD, a safe and reliable method of accessing the
peritoneum is needed. However, different catheter insertion techniques may affect patient health outcomes.

Objective: To compare the risk of infectious and mechanical complications between surgical (open and laparoscopic) PD
catheter insertion and percutaneous catheter insertion.

Design: Systematic review and meta-analysis.

Setting: We searched for observational studies and randomized controlled trials (RCTs) in CENTRAL, EMBASE, MEDLINE,
PubMed, and SCOPUS from inception until June 2018. Data were extracted by 2 independent reviewers based on a preformed
template.

Patients: Adult (aged 18+) patients with kidney failure who underwent a PD catheter insertion procedure.
Measurements: We analyzed leak, malfunction, and bleed as early complications (occurring within | month of catheter
insertion). Infectious complications (exit-site infections, tunnel infections, and peritonitis) were presented as both early
complications and with the longest duration of follow-up.

Methods: Random effects meta-analyses with the generic inverse variance method to estimate pooled rate ratios and 95%
confidence intervals. We quantified heterogeneity by using the 12 statistic for inconsistency and assessed heterogeneity using
the y2 test. Sensitivity analysis was performed by removing studies at high risk of bias as measured with the Newcastle-
Ottawa Scale and the Cochrane Risk of Bias tool.

Results: Twenty-four studies (22 observational, 2 RCTs) with 3108 patients and 3777 catheter insertions were selected.
Data from 2 studies were unable to be extracted and were qualitatively assessed. In the remaining 22 studies, percutaneous
insertion was associated with a lower risk of both exit-site infections (risk ratio [RR] = 0.36, 95% confidence interval [CI] =
0.24-0.53, I = 0%) and peritonitis (RR = 0.52, 95% CI = 0.36-0.77, I> = 3%) within | month of the procedure. There was
no difference in mechanical complication rates between the 2 techniques.

Limitations: Lack of consistency in the time periods for the various outcomes reported, risk of bias concerns with respect
to population comparability, and the inability to analyze individual component causes of primary nonfunction (catheter
obstruction, catheter migration, and leak).

Conclusions: Our meta-analysis suggests differences in early infectious complications in favor of percutaneous insertion and
no significant differences in mechanical complications compared with surgical insertion. These findings have implications on
the direction of PD programs in terms of maximizing operating room resources.

Abrégé

Contexte: La dialyse péritonéale a domicile (DPD) est une alternative plus économique a ’hémodialyse en centre et offre
une plus grande liberté aux patients atteints d’insuffisance rénale. Or, pour qu’un patient soit traité par DPD, il est essentiel
de recourir a une méthode d’accés au péritoine qui soit fiable et slre. Les techniques existantes pour I'insertion du cathéter
sont toutefois susceptibles d’affecter les résultats de santé du patient.

Objectifs: Comparer le risque de complications mécaniques et infectieuses entre l'insertion chirurgicale (incision et
laparoscopie) et percutanée d’un cathéter de DP.
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Type d’étude: Revue systématique et méta-analyse.

Cadre: Nous avons consulté les bases de données CENTRAL, EMBASE, MEDLINE, PubMed et SCOPUS a la recherche
d’études observationnelles et d’essais contrdlés a répartition aléatoire (ECRA) de la création a juin 2018. Deux réviseurs
indépendants ont procédé a 'extraction des données en suivant un modéle préformé.

Sujets: Des adultes atteints d’insuffisance rénale ayant subi une procédure d’insertion d’un cathéter de DP.

Mesures: Nous avons analysé les fuites, le dysfonctionnement et les saignements comme des complications précoces
(survenant dans le mois suivant I'insertion du cathéter). Les complications infectieuses (infections au point de sortie, infections
des tunnels, péritonite) ont été présentées comme complications précoces et avec la plus longue durée de suivi.
Méthodologie: Nous avons procédé a des méta-analyses selon la méthode générique de l'inverse de la variance avec effets
aléatoires pour estimer les rapports des taux combinés et les intervalles de confiance a 95 %. L’hétérogénéité a été quantifiée
en utilisant la statistique 12 pour I'incohérence et a été évaluée par le test du Chi-Deux. L’analyse de sensibilité a été réalisée
en retirant les études présentant un risque élevé de biais, lesquelles ont été définies a I'aide de I’échelle Newcastle-Ottawa
et de l'outil Cochrane sur le risque de biais.

Résultats: En tout, 24 études (22 études observationnelles, 2 ECRA) ont été sélectionnées, ce qui représente 3 108 patients
et 3 777 insertions de cathéters. Les données de deux études n’ont pu étre extraites et ont été évaluées qualitativement.
Dans les 22 autres études, I'insertion percutanée a été associée, dans le mois suivant la procédure, a un risque plus faible
d’infections au site de sortie (RR = 0,36; IC a 95 %: 0,24-0,53; I*> = 0 %) et de péritonite (RR = 0,52; IC a 95 %: 0,36-0,77;
I> = 3 %). Aucune différence dans les taux de complications mécaniques n’a été observée entre les deux techniques.
Limites: Les résultats sont limités par le manque de cohérence dans les périodes associées aux divers résultats signalés, le
risque de biais quant a la comparabilité des populations et I'incapacité d’analyser les causes individuelles du non-fonctionnement
primaire (obstruction du cathéter, migration du cathéter, fuite).

Conclusion: Notre méta-analyse suggere des différences en faveur de I'insertion percutanée par rapport a l'insertion
chirurgicale pour les complications infectieuses précoces, mais aucune différence significative en ce qui concerne les
complications mécaniques. Ces résultats ont des implications sur l'orientation des programmes de DP relativement a
I'optimisation des ressources du bloc opératoire.
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An important factor which affects the success of PD is the
access to the peritoneum, which is typically accomplished
through the insertion of a catheter. Having a safe and reliable
method of accessing the peritoneum may affect patient out-
comes with respect to infectious and mechanical complica-
tions, and downstream technique failure.

Several techniques are currently available for catheter

Introduction

Studies have shown that a large' (and growing?) portion of
the population have chronic kidney disease which can lead to
kidney failure.> Kidney failure is often treated with dialysis
when a patient is unable to receive or not suitable for a kid-
ney transplant. Dialysis is associated with poor health out-
comes and puts a large financial burden on health care

systems.* Home-based dialysis modalities, such as peritoneal
dialysis (PD), have been shown to cost less than in-hospital
treatments and require less provider hours.*> In addition,
studies report patients being more satisfied with home-based
dialysis than facility-based hemodialysis,® likely due to the
freedom that it offers.’

insertion, ranging from less invasive procedures such as
percutaneous insertion to more resource-intensive proce-
dures such as open surgical techniques. Although surgical
and laparoscopic techniques have the advantage of being
able to address other abdominal concerns at the time of sur-
gery, they typically require a larger number of personnel, a
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surgical suite, and general anesthesia. In comparison, per-
cutaneous techniques allow for quicker insertion without
the use of general anesthetic or a surgical suite which
allows the procedure to be performed quicker and with
fewer side effects of anesthesia. However, it can potentially
be problematic in patients with previous abdominal surgery
or patients with high body mass index, limiting the pool of
potential candidates.

While most programs in North America rely heavily on
surgical insertion techniques, there may be advantages to
bedside insertion of PD catheters. The intention of this sys-
tematic review is to compare the risk of infectious and
mechanical complications between surgical (open and lapa-
roscopic) PD catheter insertion and percutaneous catheter
insertion.

Methods

This systematic review is reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) Statement.®

Data Sources/Search Strategies

An electronic search was performed using CENTRAL,
EMBASE, MEDLINE, PubMed, and SCOPUS databases
from inception until June 2018. Search strategies were devel-
oped in consultation with a medical librarian. Searches were
conducted with terms of interest (“peritoneal dialysis,” “cath-
eter,” “laparoscopy,” “percutaneous,” “surgical”) and, wher-
ever possible, the appropriate MeSH terms or equivalent (see
Supplemental Item S1). The reference lists of included studies
were assessed for any additional relevant studies.

EEINT3

Study Selection/Eligibility

Percutaneous insertion was defined as a PD catheter inser-
tion using the Seldinger technique,” with or without the use
of fluoroscopic guidance. Surgical insertion was defined as a
PD catheter insertion with direct visualization through open
surgery or laparoscopic technique.

In order to be included in the systematic review, studies
were required to meet the following criteria: (1) insertion of a
PD catheter in adult (aged 18+) patients with kidney failure;
(2) comparison between percutaneous and surgical insertions
methods; (3) randomized controlled trials (RCTs) or observa-
tional studies (prospective or retrospective); and (4) reported
at least 1 of the following outcomes: peritonitis, exit-site infec-
tion, tunnel infection (infectious complications), malfunction
(defined as an inability to use the catheter properly due to
either! migration of the catheter tip? or obstruction of the cath-
eter), bleed, or leak (mechanical complications).

Titles and abstracts of all studies were reviewed by 2
reviewers for relevance. If they were found to be potentially

relevant, full texts were retrieved and assessed for eligibility
by each reviewer. Studies that were deemed relevant by both
reviewers were included in the final analysis. Disagreements
between reviewers were resolved by consensus with the inclu-
sion of a third reviewer when necessary. Studies that were
deemed not relevant by both reviewers at the full text stage
were excluded and the reason for exclusion documented.

Quality Assessment

A risk of bias assessment was performed on the included
studies using a modified Newcastle-Ottawa Scale for obser-
vational studies'® and the revised Cochrane Risk of Bias tool
for RCTs.!! The assessment was performed by 2 independent
reviewers, and disagreements were resolved by consensus.
The modified Newcastle-Ottawa Scale we used (see
Supplemental Item S2) resulted in a score from 0 to 9 being
applied to each observational study. Scores from 0 to 3 were
regarded as a high risk of bias, 4 to 6 as medium risk, and 7
to 9 as low risk. In the revised Cochrane Risk of Bias tool for
RCTs, 5 domains that address all types of bias relevant to
RCTs!! were assessed for low, high, or some concerns regard-
ing the risk of bias.

Data Extraction/Statistical Analysis

Data were extracted from each study by 2 independent
reviewers and then reviewed for agreement. We extracted the
following data: number of patients, mean age, percentage
female, number of catheters inserted, total follow-up time (in
patient-months), study duration, incidence rates and number
of events for our outcomes of interest and 1-year catheter
survival. Each data field was extracted for all patients and for
each intervention group.

As the risks of both infectious and mechanical complica-
tions are not constant over time, we presented complications
that occurred within a timeframe that could be plausibly con-
nected to the method of insertion. We analyzed leak, mal-
function, and bleed as early complications (occurring within
1 month of catheter insertion). Infectious complications
(exit-site infections, tunnel infections, and peritonitis) were
presented as both early complications and with the longest
duration of follow-up. A correction of .5 was added to each
count in the case of zero events.'? Studies where duration
was not reported were excluded from meta-analysis.

For each outcome, we used random effects meta-analyses
with the generic inverse variance method!® to estimate
pooled rate ratios and 95% confidence intervals (CIs). We
quantified heterogeneity by using the I? statistic for inconsis-
tency and used the ¥ test to assesses whether heterogeneity
was significant."* Sensitivity analysis was performed by
removing studies with a Newcastle-Ottawa Scale score less
than 4 (very high risk of bias) or a Cochrane Risk of Bias
score of high risk. Statistical analyses were performed using
Review Manager (RevMan) (Version 5.3).1°
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Figure |. PRISMA flow diagram outlining study selection process.

Results

Study Selection

studies, of which 169 were selected for full-text review. Of the
169 studies, 24'%3% met the inclusion criteria for our system-
atic review. Screening the reference lists of the included stud-

A flow diagram of the study selection process is shown in ies did not yield any additional studies. Of the 24 studies

Figure 1. The initial search strategy yielded 1770 nonduplicate selected, 22 were meta-analyzed and 2 studies

1617 were
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excluded from meta-analysis due to specific follow-up times
not being reported for each outcome. The characteristics of the
included studies can be seen in Table 1. The selected studies
had a total of 3777 catheter placements (1783 percutaneous,
1994 surgical). A breakdown by study of the number of events
for each outcome can be found in Supplemental Item S3.
Study-specific population characteristics are in Supplemental
Item S4.

Risk of Bias of the Selected Studies

A breakdown of the risk of bias assessment for the included
observational and RCT studies can be found in Tables 2 and
3, respectively. In total, there were 20 observational stud-
ies!8-25:27-363839 and 2 RCTs.2%%7 Of the 20 total observational
studies included, 3 were considered at high risk of bias.?8333
As per the Newcastle-Ottawa Scale, these studies primarily
exhibit concerns in the selection and comparability of study
cases and controls. Of the remaining 17 observational studies,
15 were assessed as a medium risk of bias,!8-22:2425.27.29-34.36
expressing concerns primarily in the comparability of study
cases and controls, and 2 were a low risk of bias.?*3® The 2
RCTs had a low risk of bias in 4 of 5 categories; however,
some concern for bias was observed in both studies with
respect to their selection of reported results.

Qualitative Review

Two studies were excluded from the meta-analysis due to
their inability to determine the timeframe in which the com-
plications were noted.'®!” Gajjar et al'® examined differences
in catheter insertion outcomes (exit-site leaks, cuff infec-
tions, peritonitis, and previous abdominal surgery) between
2 groups performing surgical and percutaneous insertion
methods and found no statistically significant differences.'®
Pico-Vicent et al studied differences in noninfectious compli-
cations (extraperitoneal placement, pericatheter leaks, cases
of omental wrapping [malfunction], and blood-tinged dialy-
sate) between percutaneous and surgical methods in patients
who were obese or had previous abdominal surgery.!” No sta-
tistically significant differences were found for any of the
complication outcomes between the 2 methods.!” There were
8 studies which employed a basic laparoscopic approach to
catheter insertion, with 2 of those combining open surgical
and laparoscopic insertion to create a “surgical insertion”
comparison group (Table 1).!6:19:23-25.28,38

Quantitative Meta-Analyses

Infectious complications. Early infectious complication infor-
mation was able to be extracted for exit-site infections and
peritonitis. For exit-site infections, 7 studies'3?* reported this
outcome (Figure 2). The pooled analysis of the risk ratio
(RR) indicated a significant difference in the exit-site infec-
tion rate (RR = 0.36, 95% CI = 0.24-0.53) between both

techniques favoring percutaneous insertion. There was no
significant heterogeneity (1> = 0%, P = .45). The number of
events, patients, and duration of follow-up for all studies
meta-analyzed under this outcome are in Supplemental Item
S5a.

For early peritonitis, 13 studies'®3? reported results
(Figure 2). The analysis of the pooled RR indicated a signifi-
cant difference (RR = 0.52, 95% CI = 0.36-0.77) between
the 2 techniques favoring percutaneous insertion, with no
significant heterogeneity (1> = 3%, P = .41). The number of
events, patients, and duration of follow-up for all studies
meta-analyzed under this outcome are in Supplemental Item
S5b.

Overall complication rates were reported for exit-site
infection, tunnel infection, and peritonitis. For overall exit-
site infections, 16 studies'3-2426-283137 reported it as an out-
come (Figure 2), and upon analysis of the pooled RR, there
was a significant difference favoring percutaneous insertion
(RR = 0.61, 95% CI = 0.46-0.82). There was no significant
heterogeneity (I = 25%, P = .17). With further sensitivity
analysis removing 1 study®® due to high risk of bias, the
result remained significant (RR = 0.60, 95% CI = 0.44-
0.81). The number of events, patients, and duration of fol-
low-up for all studies meta-analyzed under this outcome are
in Supplemental Item S5c.

For overall tunnel infections, 7 studies reported
it as an outcome (Figure 2), and upon analysis of the pooled
RR, there was no significant difference (RR = 0.76, 95% CI
= (.38-1.51). There was no significant heterogeneity (I*> =
0%, P = .96). With further sensitivity analysis removing 1
study? due to high risk of bias, the result remained nonsignifi-
cant (RR = 0.75, 95% CI = 0.37-1.54). The number of events,
patients, and duration of follow-up for all studies meta-ana-
lyzed under this outcome are in Supplemental Item S5d.

For overall peritonitis, 21 studies'®3%37-3 reported it as an
outcome (Figure 2), and upon analysis of the pooled RR,
there was no significant difference (RR = 0.86, 95% CI =
0.68-1.09) between the 2 techniques. There was substantial
heterogeneity (I> = 58%, P < .001). With further sensitivity
analysis removing 2 studies®>*° due to high risk of bias, the
result remains nonsignificant (RR = 0.83, 95% CI = 0.64-
1.08). The number of events, patients, and duration of fol-
low-up for all studies meta-analyzed under this outcome are
in Supplemental Item S5e.

23,25,32,33,35-37

Mechanical complications. Early mechanical complication
information was able to be extracted for bleed, leak, and
malfunction. For bleed, 6 studies!>!":1925:27:30 reported it as
an outcome (Figure 3), and upon analysis of the pooled RR,
there was no significant difference (RR = 1.24, 95% CI =
0.39-3.93) between the 2 techniques. There was no signifi-
cant heterogeneity (1> = 27%, P = .24). The number of
events, patients, and duration of follow-up for all studies
meta-analyzed under this outcome are in Supplemental
Item S5f.
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Table 2. Observational Study Risk of Bias Assessment.

Selection Comparability Outcome Sum
Study (Max 4 stars) (Max 2 stars) (Max 3 stars) (Max 9 stars) Risk of bias
Swartz et al* * ok 3 High
Mellotte et al?' ok ok 4 Medium
Pico-Vicent et al'’ * I High
Ozener et al* ok * ok 5 Medium
Roueff et al*® * * 2 High
Dequidt et al'® ok ok 4 Medium
Liberek et al*? ok ok 4 Medium
Gajjar et al'® sk * 3 High
Rosenthal et al?? sk ok ok 8 Low
Perakis et al?? ok * ok 5 Medium
Henderson et al'’ ook ok 5 Medium
Brum et al®! ok * 4 Medium
Khositrangsikun et al? sk * 5 Medium
Rana et al** ek ok 6 Medium
Al-Hwiesh? ek * 5 Medium
Chula et al?’ ek 4 Medium
Demiriz et al?® * 2 High
Maher et al®® s * stk 7 Low
Park et al®® sk ok 5 Medium
Medani et al? oK otk 6 Medium
Sivaramakrishnan et al* ok * 4 Medium
Sun et al** ok ok 5 Medium
Note. Sum 0-3 stars = high risk of bias. Sum 4-6 stars = medium risk of bias. Sum 7-10 stars = low risk of bias.
* = | criteria met per domain of bias assessed, ** = 2 criteria met per domain of bias assessed, *** = 3 criteria met per domain of bias assessed.

Table 3. Randomized Control Trial Study Risk of Bias Assessment.

Randomization Deviations from

Missing outcome Measurement of Selection of the

Study Process intended interventions data outcome reported results
Atapour 201 | + + + + SC

Voss 2012 + + + + SC

Note. + = low risk of bias; — = high risk of bias; SC = some concerns.

For leak, 9 studies!$-222328:3339 reported it as an outcome
(Figure 3), and upon analysis of the pooled RR, there was no
significant difference (RR = 1.59, 95% CI = 0.92-2.75)
between the 2 techniques. There was substantial heterogene-
ity (I>? = 50%, P = .04). With further sensitivity analysis
removing 1 study® due to high risk of bias, the result remains
nonsignificant (RR = 1.48, 95% CI = 0.77-2.85). The num-
ber of events, patients, and duration of follow-up for all stud-
ies meta-analyzed under this outcome are in Supplemental
Item S5g.

For malfunction, 8§ studies reported it as
an outcome (Figure 3), and upon analysis of the pooled
RR, there was no significant difference (RR = 1.04, 95%
CI = 0.76-1.41) between the 2 techniques. There was no
significant heterogeneity (I> = 0%, P = .65). With further
sensitivity analysis removing 1 study>® due to high risk of
bias, the result remains nonsignificant (RR = 1.00, 95%

18,19,21,22,25,27,28,39

CI = 0.72-1.38). The number of events, patients, and dura-
tion of follow-up for all studies meta-analyzed under this
outcome are in Supplemental Item S5h.

Discussion

In this systematic review and meta-analysis comparing com-
plication rates between surgical and percutaneous insertion
of PD catheters in adult patients with kidney failure, percuta-
neous catheter insertions were associated with a 64% (95%
Cl = 47%-76%) relative risk reduction of early exit-site
infection and a 48% (95% CI = 23%-64%) relative risk
reduction of early peritonitis compared with surgically
inserted catheters. This effect continued to be significant for
exit-site infections when pooling all durations of follow-up,
but with a reduced magnitude. We also found no difference
in the rate of mechanical complications between the 2
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Early Exit Site Infection iRl ek e
_Study or Subgroup ___log[Risk Ratio] SE_Weight IV, Random, 95% CI IV. Random, 95% C1

Dequidt 2003 -1.93676932 149071198 18%  0.14(0.01,268)

Henderson 2009 -0.94989265 02531088 635%  0.39(0.24,064) -

Knhositrangsikun 2011 -2.46093145 143684242 20%  0.09(0.01,1.43 +—————————1—

Mellotte 1993 002817088 080178373 63%  1.03(0.21,4.95) S

Perakds 2009 -1.92065048 061913919 106%  0.15[0.04,0.49) —_—

Rosenthal 2008 -0.01869213 141421356 20%  0.98(0.06,1569)

Sun 2016 -0.99721217 054355731 138%  0.37(0.13,1.07) —

Total (95% C1) 100.0%  0.36(0.24,0.53) >

Heterogeneity. Tau®= 0.00; Ch"= 5.79,d1= 6 (P = 0.45), P= 0% :0 o1 031 |:° 100:

Test for overall effect Z= 5.09 (P < 0.00001) Favours percutaneous Favours surgical

Early Peritonitis Risk Ratio Risk Ratio
_Study or Subgroup ___log[Risk Ratio] SE_Welght IV, Random. 95% CI IV. Random, 95% C1
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Figure 2. Results of random effects meta-analysis for infectious complications.
Note. Cl = confidence interval.
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Figure 3. Results of random effects meta-analysis for mechanical complications.

Note. Cl = confidence interval.

insertion methods. Taken together, these findings suggest
that percutaneous insertion is associated with similar safety
outcomes as surgical insertion of PD catheters.

To our knowledge, this systematic review represents the
largest assessment of PD catheter complications between
surgical and percutaneous insertion. Two previous system-
atic reviews have been conducted to identify differences in
complication rates between percutaneous and surgical cath-
eter insertion. These reviews included studies until 2014
and as such had less than half of the patients than our
review. The first of these reviews*’ found no significant dif-
ference between percutaneous and surgical insertion for
any of the outcomes they analyzed (1-year catheter sur-
vival, dysfunction, leak) from the 13 studies they identi-
fied, apart from peritonitis, which favored percutaneous
insertion. Their results are consistent with ours, as we also

found percutaneous insertion favorable for early infectious
complications and nonsignificant results for mechanical
complications.

As the primary goal of PD catheter insertions is ultimately
to provide a functioning catheter, nonfunction as a failed out-
come should be given additional importance. We found no
significant difference between the 2 techniques when analyz-
ing the pooled RR for early malfunction. Primary nonfunc-
tion may be caused by factors such as catheter obstruction,
catheter migration and leak.*! Although our analysis was
unable to separately address each component due to a lack of
data, we were able to address malfunction specifically as an
early outcome (within 1 month).

An important topic to address is the variability of defini-
tion and reporting for both infectious and mechanical com-
plications of PD catheter insertion. The International Society
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for Peritoneal Dialysis (ISPD) Catheter-Related Infection
Recommendations: 2017 Update recommends a definition of
exit-site infection as the presence of purulent discharge with
or without the presence of erythema of the skin at the cathe-
ter-epidermal interface.*? In a large portion of the studies that
were included in the review (n = 8), the definition of exit-
site infection was not clearly stated. In those that were, some
simply defined exit-site infection as a clinical diagnosis or
used criteria which was not consistent with the ISPD guide-
line (n = 3). Finally, there were 5 articles which employed an
ISPD guideline—consistent definition of exit-site infection,
either explicitly defined or through mention of guideline.

An important consideration in the frequency of leak as a
complication is the amount of time the catheters were
allowed to rest before being used for dialysis, and whether
there was any difference between the break-in time allowed
between surgical and percutaneous insertion. In 9 studies,
there was no mention of time between insertion of the cath-
eter to use. However, in every other study, either most or all
catheters were allowed a minimum of 1 week (more often 2
weeks) to settle before the initiation of dialysis. In the 10
studies meta-analyzed by the second review,* they found no
significant difference between the 2 insertion methods in any
of the outcomes they analyzed (peritonitis, tunnel and exit
site infection, leak, obstruction, or bleed). We may have
found different results because our study differed in our
approach of identifying and analyzing complications which
occur within a defined timeframe (1 month for early compli-
cations). This was done with the intent of potentially isolat-
ing complications which are more directly due to catheter
insertion rather than patient or other catheter care factors
which occur later.

The definition of mechanical complication (particularly
malfunction) was quite variable from study to study, not only
in how broad the definition used was, but also with what spe-
cifically constituted a particular type of complication.
Unfortunately, there were very few papers which explicitly
defined their criteria for a type of complication (notably
Perakis et al) who explicitly stated that they were using the
ISPD definitions.??*? The most common type of mechanical
outcome that was grouped under malfunction outflow
obstruction (n = 8), with tip migration/displacement as the
next most common (n = 5). Both outcomes have several dif-
ferent factors contributing to how they are defined and can
be reported, which makes this a rather heterogenous set of
data. However, as the main comparison is being made the
different methods of insertion, rather than between studies
themselves, part of that is dealt with by the fact that the stud-
ies use consistent internal definitions for the sake of record-
ing outcomes.

Although laparoscopic insertions, laparotomies, and open
catheter placements are all surgical techniques, they vary in
their level of invasiveness, postoperative pain, and recovery
time.** As a result, the interventions used in the surgical
group may have been more heterogeneous than those in the

percutaneous group. Current guidelines from the ISPD have
recognized the difference and their order of recommended
insertion approaches in patients without peritonitis and pre-
vious major surgery are advanced laparoscopic, image-
guided percutaneous, and open surgical dissection.®
Advanced laparoscopic techniques differ from basic laparos-
copy as they use additional preemptive procedures to mini-
mize risks of complications such as catheter migration and
omental wrapping.*>*® However, laparoscopic and open
techniques have been grouped together in previous system-
atic reviews and meta-analyses as previous research has
found no difference in mechanical or infectious complica-
tions. 40434748 Furthermore, a recent systematic review and
meta-analysis comparing advanced laparoscopy to basic
laparoscopy and open surgical placement did not find any
difference between the surgical techniques in infectious
complications (peritonitis and exit-site infections), whereas
we found a clear trend favoring percutaneous insertion for
those outcomes.* In addition, where differences favoring
advanced laparoscopy were found (mechanical complica-
tions of leaks), the number of studies included and events
experienced were low, and the difference was almost entirely
driven by 1 study.

We believe that along with complications, it is also impor-
tant to consider the difference in cost and resource use asso-
ciated with percutaneous and surgical insertion. In a previous
study conducted in Ireland,? the cost per procedure of percu-
taneous insertion and surgical insertion was estimated as
€650 and €1200, respectively, due to the higher operating
theater costs. In another study conducted in the United
States,’ the direct hospital costs were $2076 and $4125 for
percutaneous and surgical insertion, respectively. As these
values reported are directly related to the insertion of the
catheter, cost differences may be more apparent when con-
sidering future hospital visits for complications which are
attributable to the insertion method. Given that percutaneous
insertion appears less expensive and less likely to result in
early infectious complications without an increased risk in
mechanical complications, it would provide a greater benefit
to patients at less cost to the health care system compared
with surgical insertion. Classification of this potential benefit
from a formal cost-utility analysis is warranted.

Pain is a consideration for the insertion of the PD cathe-
ters, as it can change the patient experience with the catheter
and affect later follow-up. As most papers were retrospec-
tive, they did not report pain as an outcome, with the only
paper to report it being Voss et al.” They employed a 10-point
pain scale pre- and postinsertion to determine the change in
pain that was attributable to the catheter insertion. They
noted that the postoperative pain scores were higher in the
laparoscopic group in comparison with the radiological
insertion (3 vs 1). This suggests that percutaneous insertion
might be more advantageous from a pain perspective, but
would require a larger body of evidence to make it a strong
recommendation.
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It is difficult to determine whether differences in rates of
complications can be attributed to the technique employed by
interventionalists or other factors such as the complexity of
patients. In one study, there were an additional 150 catheters
in the percutaneous group placed by the same physicians (433
percutaneously vs 283 surgically).!” It is therefore possible
that the additional 150 catheters placed percutaneously
allowed a greater degree of familiarity with the insertion tech-
nique. One study showed an increase in the catheter survival
after the last set of 30 catheters placed percutaneously in com-
parison with the first 30 catheters placed.'® As with other pro-
cedures, a local operator/center effect that may influence
catheter outcomes cannot be ruled out and should be consid-
ered when applying these results to an individual center.

Furthermore, postcatheter placement outcomes may be influ-
enced by the unique patient pathways associated with each tech-
nique. Percutaneous catheter insertions are primarily performed
by nephrologists with after-care likely done within the renal
unit.® Those undergoing surgical catheter placement are likely
to receive postsurgical care separate from the renal unit. These
differences in patient pathways may contribute to differences
found in outcomes such as exit-site infection rates and early peri-
tonitis which favored the percutaneous insertion technique.

Our review’s main strength is the initial search strategy
that was designed to be widely inclusive at each stage of
screening as to select as many potential articles for full-text
review as possible before applying our objective criteria for
inclusion in the review and meta-analysis. In turn, this
resulted in many studies from which outcome information
was extracted and analyzed. In addition, our review provided
a meta-analysis of complications in a more granular manner,
providing more specific details on the differences in out-
comes between both insertion techniques.

One of the limitations to this review is the lack of consis-
tency in the time periods for the various outcomes reported.
Although event rates for most postimplantation outcomes are
typically highest immediately after catheter implantation,
many studies reported only cumulative events over extended
periods of time. This variability in follow-up times between
studies and between groups within studies may have affected
the appropriateness of long-term comparisons. As such, we
would suggest a convention of reporting early outcomes
(within 30 days of the procedure) to be able to more ade-
quately associate complications with the insertion method. In
addition, most studies included had a moderate risk of bias.
The domain where most observational studies scored lowest
was the comparability of the 2 populations. Although there
were a few studies which made efforts to ensure that both
groups were drawn from the same population, most studies
relied on retrospective data and as such are subject to selec-
tion bias based on patients who were deemed able to tolerate
either a percutaneous or surgical insertion based on physi-
cian judgment. Of the studies selected, obesity and prior
abdominal surgery were both specific contraindications to
percutaneous catheter insertion in many. However, there

were a few studies?*?326:29-33:36.37 which addressed this factor
by specifically excluding these patients from both popula-
tions, helping to create a more comparable population of
patients in both intervention arms. In addition, primary non-
function may be caused by factors such as catheter obstruc-
tion, catheter migration, and leak. This analysis was unable
to separately address each component due to a lack of data.
One other potential source of bias is the effect of experience
and familiarity with the physicians performing the catheter inser-
tion. Most studies included were single-center reports, and of
those, many specifically highlighted the fact that the nephrology
team at their institution had been inserting these catheters percuta-
neously for a certain number of years, whereas when it came to the
surgical comparison, only brief mention was made of the surgical
team in the abstract, implying those who had not been specifically
chosen or trained for this procedure. The only study which specifi-
cally highlighted the experience of the surgical team was Gajjar
et al.'® Along with the fact that most studies were published by
nephrologists or radiologists, there is a large likelihood of publica-
tion bias with an understandable desire to publish results which are
beneficial for a procedure that they themselves perform.

Conclusions

In conclusion, our meta-analysis suggests significant differ-
ences in early infectious complications in favor of percutane-
ous insertion. In addition, no significant difference was
found for mechanical complications, suggesting that percu-
taneous insertion may be noninferior to surgical insertion in
select patients who are candidates for this procedure. These
results may have significant implications on the direction of
PD programs in terms of maximizing operating room
resources. Large RCTs should be conducted to help improve
the quality of these findings.
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