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Abstract

Success in peritoneal dialysis (PD) requires a well-functioning catheter, and catheter placement at PD initiation is
extremely important for long-term PD. Although several randomized, controlled trials (RCTs) have compared open
surgery with laparoscopic surgery, there is controversy regarding which surgical approach is desirable. The present
systematic review and meta-analysis was performed to clarify which surgical approach is superior. A systematic
literature search for RCTs was performed using the Cochrane Central Register of Controlled Trials and the MEDLINE
database, and a meta-analysis was performed using Review Manager Version 5.3.5 (Cochrane Collaboration, Oxford,
UK). Catheter survival was the primary outcome, and leakage, hernia, requirement for reoperation, catheter-related
infection, postoperative pain, hospitalization period associated with catheter placement, and catheter migration were
the secondary outcomes. After screening 913 references, seven RCTs were analyzed. Laparoscopic surgery was found
to have no favorable effect on catheter survival (5 trials, 424 patients; risk ratio [RR] 1.02; 95% confidence interval [CI]
0.92–1.13; p = 0.68; low-quality evidence]. The incidence of catheter migration was significantly lower with laparoscopic
surgery (6 trials, 526 patients; RR 0.42; 95% CI 0.18–0.96; p = 0.04; moderate-quality evidence). However, the significance
decreased on limiting the analysis to RCTs involving laparoscopic surgery without secured suture of the PD catheter
(4 trials, 431 patients; RR 0.58; 95% CI 0.27–1.25; p = 0.17; moderate-quality evidence). Other outcomes were similar
between open surgery and laparoscopic surgery. The present findings indicate that laparoscopic surgery has a limited
advantage over open surgery with respect to PD patients’ outcomes.

Keywords: Catheter migration, Catheter survival, Complication, Exit site infection, Peritonitis, Hernia, Leakage,
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Introduction
In order for peritoneal dialysis (PD) to succeed, a well-
functioning catheter is necessary. Therefore, accurate
and safe catheter placement at the start of PD is ex-
tremely important for continued long-term PD. The
catheter is placed by open surgery, laparoscopic surgery,
or percutaneously. In general, there are many advantages

of laparoscopic surgery over open surgery. First, it is cos-
metically superior, and the risks of incisional hernia, sur-
gical site infection, and bleeding are lower than with
open surgery because of the small wound. Second, pa-
tients have much less discomfort and require fewer anal-
gesics. Third, patients can get up and walk around
sooner and get back to their regular activities earlier,
thus shortening the length of hospital stay. Furthermore,
laparoscopic surgery for PD catheter placement also has
some advantages for surgeons. With laparoscopic sur-
gery, the catheter can be placed in the pouch of Douglas
while observing the tip of the catheter directly, and it is
possible to prevent omental wrapping by omentectomy
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or omentopexy [1]. In addition, adhesiolysis can be per-
formed with laparoscopic surgery for patients with adhe-
sions, and hernia repair surgery can be performed
simultaneously in patients with inguinal hernias.
As mentioned above, laparoscopes have various advan-

tages, but they also have several disadvantages. One of
the most important disadvantages is that laparoscopic
surgery is extremely expensive because the instruments
required to carry out the operation are very costly. In
addition, the surgery also requires special skill, and not
every hospital has specialized surgeons capable of per-
forming it. Indeed, the incidence of laparoscopic surgery
complications has also been reported to be directly pro-
portional to the operator’s experience [2]. Laparotomy
can be performed with local anesthesia, but laparoscopic
surgery requires general anesthesia. Furthermore, laparo-
scopic surgery is another risk factor for developing peri-
operative hypothermia due to prolonged surgical time
and increased heat loss via exposure to cold/dry CO2 in-
sufflation during pneumoperitoneum [3]. With respect
to placement of the PD catheter, leakage of dialysate
from the port is a concern. Although there have been
several randomized, controlled trials (RCTs) comparing
open surgery with laparoscopic surgery, there has been
controversy as to which provides longer catheter survival
and a low incidence of complications [4–10]. Therefore,
a systematic review (SR) and meta-analysis were con-
ducted to compare laparoscopic surgery with open sur-
gery using the latest research results.

Methods
The protocol used for the systematic review and meta-
analysis was registered in the UMIN Clinical Trials
Registry (UMIN000033859). Exemption from the review
was granted by the Ethics Committee because this study
did not involve patient intervention and confidential per-
sonal data.

Criteria for considering studies for this review
Types of studies
All RCTs and quasi-RCTs (RCTs in which allocation to
treatment was obtained on alternate months) looking at
the effects of different catheter placement techniques on
patient outcomes in PD were included.

Types of participants
Adult patients initiating PD treatment were the target group.

Types of interventions
Studies comparing surgical placement by laparoscopic
surgery or open surgery were included. Studies of percu-
taneous catheter placement were excluded.

Types of outcome measures
Primary outcome: Catheter survival [calculated by the num-
ber of participants who continued PD without removing
the catheter at study completion [11]; data excluding death,
transplantation, renal recovery, transfers to hemodialysis,
and patient’s choice to stop PD were analyzed.]
Secondary outcomes: Complications of catheter place-

ment (early complications: leakage, late complications:
hernia), PD catheter-related infection (exit site infection
and tunnel infection), requirement for reoperation, post-
operative pain, hospitalization period associated with
catheter placement, catheter migration

Search methods for identification of studies

1. Relevant SRs and clinical practice guidelines (CPGs)
were searched from the Cochrane Central Register
of Controlled Trials (CENTRAL) and MEDLINE
database up to April 10, 2018.

2. All RCTs referred to in those SRs and CPGs were
included in the analysis.

3. Additionally, RCTs were obtained from CENTRAL
and MEDLINE (from April 2004 to April 21, 2018)
and combined with a search strategy for the
identification of RCTs. The papers before April 2004
were exempted from this secondary search because a
thorough search of RCTs based on the Cochrane
library was performed by Strippoli et al. 2004 [12].

4. There was no language restriction. Search terms used
in this review are summarized in the Appendix.

Data collection and analysis
This review was undertaken by four authors (T.S., D.K.,
K.U., and A.U.). The search strategy described was used to
obtain titles and abstracts of studies relevant to the review.
The titles and abstracts were screened independently by T.S.
and D.K. in the primary search for SRs and CPGs, and by
K.U. and A.U. in the secondary search for RCTs. Studies
that were not relevant based on the inclusion criteria were
discarded. Two authors independently assessed the retrieved
abstracts, and, if necessary, the full texts of these studies to
determine which studies were eligible for inclusion.

Data extraction and management
Data extraction was performed independently by the
same authors using standard data extraction forms. Pre-
ceding the assessment, studies reported in non-English
language journals were translated by a translation ser-
vice, GLOVA Co. (Tokyo, Japan). Disagreements were
resolved in consultation with H.Y.

Assessment of risk of bias in included studies
The following items were independently assessed by four
authors (T.S., K.U., D.K., and A.U.) using the risk of bias
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assessment tool, as previously described [13], and dis-
crepancies were resolved by consultation with H.Y. and
Y.T.: random sequence generation (selection bias), allo-
cation concealment (selection bias), blinding of partici-
pants and personnel (performance bias), blinding of
participants and personnel (detection bias), incomplete
outcome data (attrition bias), selective reporting (report-
ing bias), and other bias.

Measures of treatment effect
Data from each trial was analyzed using the risk ratio
(RR) with 95% confidence intervals (CI) for dichotomous
outcomes (e.g., catheter failure, infection, and migration)
and using the mean difference (MD) for continuous out-
comes (pain scale and hospitalization period).

Data synthesis
Summary estimators of treatment effects were pooled
using the random-effects model by Review Manager
Software (RevMan version 5.3.; Cochrane Collaboration,
Oxford, UK). In individual studies, when the outcomes
were measured at several time points, the data closer in
time among the studies were chosen. In analysis of cath-
eter migration, a sub-analysis according to with or with-
out secured suture of the catheter was performed,
because fixation of the catheter in the abdominal cavity
could affect the outcome.

Assessment of heterogeneity
Heterogeneity of treatment effects was evaluated using the
chi-squared test, with N-1 degrees of freedom, with an alpha
of 0.05 considered significant, and with the I2 test [14].

Assessment of the certainty of evidence
The overall certainty of evidence related to each of the
main outcomes was assessed using the GRADE (Grades of
Recommendation, Assessment, Development and Evalu-
ation) approach [15]. The quality of a body of evidence
was rated as high, moderate, low, or very low certainty,
with respect to risk of bias, inconsistency, indirectness, im-
precision, and publication bias.

Results
Study selection and data management
A total of 122 titles of reported CPGs and SRs were identi-
fied through the CENTRAL and MEDLINE literature
search, and ten CPGs and SRs were extracted. These
CPGs and SRs were reviewed, and six RCTs were ex-
tracted. Although an attempt was made to search recent
RCTs using the search strategy described in the most re-
cent SR reported by Qiao et al. in 2016 [9], the formula
was incomplete. Thus, it was decided to re-search for
RCTs after 2004 when the Cochrane Review was reported
by Strippoli et al. [12]. A total of 913 references were

initially screened, of which 601 had no duplicates and 594
were rejected on title and abstract review. Finally, seven
RCTs were identified. After full-text review, all seven
RCTs were entered into the analysis (Fig. 1).

Study characteristics
The characteristics of the included studies are shown in
Tables 1 and 2. A total of 571 patients from seven RCTs
published from 1999 to 2018 were included. The num-
ber of patients per study was at most 148 and at least
45. Laparoscopic surgery included peritoneoscopic
placement and advanced laparoscopic surgery with adhe-
siolysis as needed. Although fixation of the catheter into
the abdominal cavity was performed in two laparoscopic
surgeries, it was not performed in all open surgeries.
Preoperative antibiotics were given in five RCTs.

Risk of bias
The assessment of risk of bias of the included studies is
shown in Fig. 2. Three RCTs did not describe the methods
of randomization. The risk of bias domains of random se-
quence generation and allocation concealment were con-
sidered “low” with the sealed envelope method in three
RCTs, “high” with the alternative month method in one
RCT, and “unclear” for those that were not described.
The domain of blinding of participants and personnel

was described in only one RCT, but its blinding was lim-
ited to the method of dressing after operation, which was
applied in the same positions for all patients to blind the
ward staff to the technique used (low). Five RCTs were
not blinded to participants and personnel (high), and one
RCT did not describe the domain (unclear). The domain
of blinding of outcome assessment was not described in
all seven RCTs (unclear). In one RCT, many participants
could not be traced due to drop-outs or deaths. Therefore,
the domain of incomplete outcome data was considered
“high.” Reporting bias was not identified in seven RCTs.
Because it was suspected that two RCTs had severe bias in
the background characteristics between the groups, the
domain of “other bias” was considered “high.”

Effect of interventions
The quality of evidence of each study and outcomes are
presented as a summary of findings table (Table 3). Lap-
aroscopic surgery made no difference to catheter survival
(five trials, 424 patients; RR, 1.02; 95% CI, 0.92 to 1.13,
I2 = 58%; low quality evidence), complications of catheter
placement [early complications: leakage (seven trials, 571
patients; RR, 0.86; 95% CI, 0.25 to 3.02, I2 = 52%; very low
quality evidence), late complications: hernia (four trials,
391 patients; RR 0.75; 95% CI, 0.21 to 2.72, I2 = 0%; very
low-quality evidence)], PD catheter-related infection (exit
site infection and tunnel infection) (four trials, 262 pa-
tients, RR 0.99; 95% CI, 0.43 to 2.29, I2 = 0%; low-quality
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evidence), and requirement for re-operation (one trial, 90
patients; RR 0.96; 95% CI 0.39 to 2.33; moderate-quality
evidence) compared with open surgery (Fig. 3a–c, Fig. 4a).
There were significant heterogeneities in catheter survival
and leakage. Postoperative pain evaluated based on the
number of patients who complained of pain may have
been better with laparoscopic surgery (two trials, 127
patients; RR 1.05; 95% CI 0.80 to 1.39, I2 = 0%; very low-
quality evidence) (Fig. 4 (B-1)). On the other hand, post-
operative pain assessed by a pain scale did not differ be-
tween the groups (one trial, 45 patients; mean difference,
− 1.00; CI − 2.24 to 0.24; very low-quality evidence) (Fig 4
(B-2)). The hospitalization period associated with catheter
placement was better in open surgery (three trials, 212
patients; mean difference, 0.83; CI 0.04 to 1.61, I2 = 0%;
very low-quality evidence) than in laparoscopic surgery
(Fig. 4c). There was a significant benefit in catheter
migration in laparoscopic surgery compared with
open surgery (6 trials 526 patients; RR 0.42; 95% CI
0.18 to 0.96, I2 = 24%; moderate-quality evidence).

However, the significance diminished on limiting the ana-
lysis to RCTs involving laparoscopic surgery without
secured suture of the PD catheter (4 trials, 431 patients;
RR 0.58; 95% CI 0.27–1.25, I2 = 9%; p = 0.17; moderate-
quality evidence) (Fig. 4d).

Discussion
In this review, it was uncertain whether laparoscopic
surgery has beneficial effects on important outcomes
such as catheter survival, complications of catheter
placement, late complications, and PD catheter-related
infection because the certainty of the evidence reviewed
was very low to moderate. Although the incidence of
catheter migration was significantly lower with laparo-
scopic surgery, laparoscopic surgery with secured suture
of the PD catheter had a positive impact on outcomes.
Numerous RCTs [4–10] and observational studies

[16–25] comparing open surgery and laparoscopic sur-
gery for PD catheter placement have been published
since the late 1990s. Several SRs and meta-analyses have

Fig. 1 PRISMA flow diagram of the systematic literature search
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been conducted to determine whether laparoscopic sur-
gery or open surgery is the optimal surgery since 2012
[26–29]. Unfortunately, the studies showed nonuniform
results, and the recommended surgical procedure has
not been clear. However, most RCTs included in the
meta-analysis were performed more than 10 years ago.
In 2018, the latest RCT on this topic was reported by
van Laanen et al. [10]; therefore, the present meta-
analysis and systematic review included this research.
In the present meta-analysis results, PD catheter survival

was not significantly different between laparoscopic

surgery and open surgery. According to the latest guide-
lines, catheter patency is defined as the percentage or
probability of catheter survival at 12months following
placement [30]. The factors affecting catheter survival
were defined as some type of intervention (surgical or
radiological) on the catheter due to flow dysfunction or ir-
remediable drain pain. In addition, the guidelines clearly
state that catheter patency at 12months should be higher
than 80% for basic laparoscopic surgery or open surgery.
However, only two of five RCTs showed catheter patency
higher than 80% at 12months. One of the remaining three

Table 2 Characteristics of included studies

Study Interventions Outcomes

Treatment group Control
group

Details of intervention in the laparoscopic surgery
group

Preoperative
antibiotics

Wright et al. [5] Laparoscopic
technique

Open
surgery

VCM 2.0 g Fluid leak
Pain scores after
operation
Exit site infection
Duration of
hospitalization

Gadallah et al. [4] Peritoneoscopy Open
surgery

Using Y-TEC peritoneoscopic technique.
Peritoneoscopically-placed catheters were
implanted under local anesthesia.

VCM 1.0 g Catheter survival
Dialysate leak
Hernia
Catheter migration

Tsimoyiannis et al. [6] Laparoscopic
placement

Open
surgery

The catheter was secured to the back wall
of the uterus or bladder with 2/0 polypropylene.
Five patients who underwent previous
laparotomies had an extended adhesiolysis
performed before catheter placement.

Not stated Dialysate leak
Catheter migration

Xu et al. [8] Laparoscopic
placement

Open
surgery

The catheter was secured to the back wall of
the uterus or bladder with 3/0 polypropylene.

CTRX 1.0 g Catheter survival
Dialysate leak
Hernia
Exit site infection
The number of pain
complaint patients
Catheter migration

Jwo et al. [7] Laparoscopic Open
surgery

Laparoscopic adhesiolysis was performed for those
who had peritoneal adhesions due to previous
abdominal surgery or pelvic inflammatory disease.

CEZ 0.5 g Catheter survival
Dialysate leak
Hernia
Exit site infection
The number of pain
complaint patients
Duration of
hospitalization
Catheter migration

Qiao et al. [9] Catheter implantation
with laparoscopy

Open
surgery

Not stated Catheter survival
Dialysate leak
Hernia
Catheter migration

van Laanen et al. [10] Laparoscopic
technique

Open
surgery

Only in case of insufficient space in the lower
abdomen for a good position of the catheter was
adhesiolysis performed.

CEZ 1.0 g Catheter survival
Dialysate leak
Exit site infection
Re-operation
Duration of
hospitalization
Catheter migration

Abbreviation: RCT randomized control trial, SH single hospital, PD peritoneal dialysis, ESRD end-stage renal disease, SD standard deviation, VCM vancomycin, CTRX
ceftriaxone, CEZ cefazolin
aNo information about the details of settings
bThe number of cases per group was not reported
cMean and standard deviation per group were not reported
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RCTs had an average observation period of only 10
months, and the other two RCTs did not reach 80% cath-
eter patency at 12months for both laparoscopic surgery
and open surgery. However, the RCT by van Laanen et al.
included catheter removal due to catheter-related infec-
tion as an event in the analysis of catheter patency, which
may have resulted in low catheter survival [10]. Previous
SRs and meta-analyses have shown that catheter survival
in the laparoscopic surgery group was significantly super-
ior to that in open surgery, but these studies (Hagen et al.

[27], Chen et al. [28], and Qiao et al. [29]) included some
observational studies.
There was no difference in complications of catheter

placement between laparoscopic surgery and open sur-
gery. This result was similar to previous SRs and meta-
analyses. Although laparoscopic surgery showed a low risk
of leakage in the two RCTs (Tsimoyiannis et al. [6] and
Gadallah et al. [4]), various factors affect leakage. Risk fac-
tors related to leakage include not only the technique for
PD placement, but also immediate PD initiation, dialysate

Fig. 2 Risk of bias summary graph of the included studies

Sakurada et al. Renal Replacement Therapy            (2019) 5:37 Page 7 of 13



volume used, and weakness of abdominal wall tissue, and
the incidence is approximately 5% [31]. In particular, early
fluid leakage within 30 days is affected by the catheter in-
sertion site and immediate PD initiation. It is well known
that the incidence of leakage is higher with a midline inci-
sion than a paramedian incision [32]. In an RCT by Tsi-
moyiannis et al. [6], 88% of patients who underwent open
surgery had a catheter inserted through a midline incision,
and PD was initiated within several days after surgery. On
the other hand, in the RCT by Gadallah et al. [4], the

catheter was inserted through a paramedian incision, and
the break-in period was 17 days, but the incidence of leak-
age was 11.1%. The incidence of leakage may be higher
than in previous reports.
As in previous SRs and meta-analyses, there were no

differences in catheter-related infections (exit site and tun-
nel infections) between laparoscopic surgery and open
surgery. Antibiotic prophylaxis had been given to all pa-
tients in the four RCTs assessed for catheter-related infec-
tions. However, no RCT described the details of exit site

Table 3 Laparoscopic surgery compared to open surgery for peritoneal dialysis catheter placement. Patient or population:
peritoneal dialysis catheter placement; setting: in patients in Taiwan, Greece, the UK, China, Netherlands, and the USA; intervention:
laparoscopic surgery; comparison: open surgery

Outcomes No. of
participants
(studies)
followed up

Certainty of
the evidence
(GRADE)

Relative effect (95%
CI)

Anticipated absolute effects

Risk with open surgery Risk difference with
laparoscopic surgery

Catheter survival 424 (5 RCTs) ⨁⨁◯◯
lowa,b,c

RR 1.02 (0.92 to 1.13) 770 per 1000 15 more per 1000
(62 fewer to 100 more)

Complications of catheter placement
(early complications: leakage)

571 (7 RCTs) ⨁◯◯◯ very
lowa,c,d

RR 0.86 (0.25 to 3.02) 81 per 1000 11 fewer per 1000
(61 fewer to 164 more)

Complications of catheter placement
(late complications: hernia)

391 (4 RCTs) ⨁◯◯◯ very
lowc,e

RR 0.75 (0.21 to 2.72) 31 per 1000 8 fewer per 1000
(24 fewer to 53 more)

PD catheter-related infection
(exit site infection and tunnel infection)

262 (4 RCTs) ⨁⨁◯◯ lowa,c RR 0.99 (0.43 to 2.29) 83 per 1000 1 fewer per 1000
(47 fewer to 107 more)

Requirement for re-operation 90 (1 RCT) ⨁⨁⨁◯
moderatec

RR 0.96 (0.39 to 2.33) 182 per 1000 7 fewer per 1000
(111 fewer to 242 more)

Postoperative pain—the number of
patients complaining of pain

127 (2 RCTs) ⨁◯◯◯ very
lowf,g,h

RR 1.05 (0.80 to 1.39) 446 per 1000 22 more per 1000
(89 fewer to 174 more)

Postoperative pain—assessed by a
pain scale

45 (1 RCT) ⨁◯◯◯
very lowf,g,i

– The mean pain scale was 0 MD 1 lower
(2.24 lower to 0.24 higher)

Hospitalization period associated with
catheter placement

212 (3 RCTs) ⨁◯◯◯
very lowa,j,k

– The mean hospitalization
period associated with
catheter insertion was 0

MD 0.83 higher
(0.04 higher to 1.61 higher)

Catheter migration 526 (6 RCTs) ⨁⨁⨁◯
moderatea

RR 0.42 (0.18 to 0.96) 120 per 1000 69 fewer per 1000
(98 fewer to 5 fewer)

Catheter migration: limited to RCTs
containing laparoscopic surgery
without secured suture

431 (4 RCTs) ⨁⨁⨁◯
moderatea

RR 0.58 (0.27 to 1.25) 103 per 1000 43 fewer per 1000
(75 fewer to 26 more)

Catheter migration: limited to RCTs
containing laparoscopic surgery with
secured suture

95 (2 RCTs) ⨁⨁⨁◯
moderatea

RR 0.09 (0.01 to 0.68) 200 per 1000 182 fewer per 1000
(198 fewer to 64 fewer)

GRADE Working Group grades of evidence: high certainty—we are very confident that the true effect lies close to that of the estimate of the effect; moderate certainty—we
are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different; low
certainty—our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect; very low certainty—we have very
little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect
aThe randomization methods were not stated in three studies (Jwo et al [7], Xu et al. [8], Qiao et al. [9])
bBecause there were studies with different intervention methods, i.e., peritoneoscopy, and there was concern about the outcome measurements, the rate of
imprecision was lowered
cWe evaluated on the assumption that the intervention choice differs with the difference in risk ratio of 2%. The 95% CI crossed the threshold, so we decided to
lower the rate of imprecision
dBecause of considerable heterogeneity (I2 = 52%), there was concern, and we decided to lower the level of inconsistency
eAll four studies were at high risk of bias from concerns with regards to allocation concealment
fThe randomization method was not stated
gBecause of the alternative outcome of quality of life
hWe evaluated on the assumption that the intervention choice differs with a risk ratio difference of 10%. The 95% CI crossed the threshold, and we decided to
lower the rate of imprecision
iThe details of the pain scale were not stated
jBecause there was a difference in hospitalized duration greater than 10 days among studies and the discharge standards were unclear, we decided to lower the level
kWe assumed that the difference of three days hospitalization might facilitate the choice of intervention. The 95% CI does not cross the threshold, but it was
decided to lower by one level because the number of cases is small
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care after surgery, and the types of dressings and use of
topical prophylactic antibiotics at the exit site were un-
clear. We consider that catheter-related infections are
more affected by the location of the exit, daily exit site
care, and immobilization of the catheter or patients’ back-
ground characteristics (obesity, diabetes, or immunocom-
promised patient) than by differences in surgical
procedures. In addition, the ISPD guidelines show that the
effect of infectious complications on catheter survival be-
yond 30 days is more likely due to causes unrelated to the
insertion procedure. However, many of the RCTs did not
describe the onset of catheter-related infections.

Only one RCT evaluated the requirement for reopera-
tion, and there was no difference by surgical procedure.
According to clinical practice guidelines for peritoneal
access published in 2010, the incidence of catheter dys-
function at the time of first use that requires catheter
manipulation or replacement or results in technique fail-
ure should be less than 20% [11]. In the RCT by van
Laanen et al. [10], the requirement for reoperation was
18.2% for open surgery and 17.4% for laparoscopic sur-
gery, and both surgical procedures met audit criteria.
There have been no SRs and meta-analyses that com-

pared postoperative pain according to differences in

Fig. 3 Forest plot. a–c The meta-analysis of the risk ratios of catheter survival, complications of catheter placement, and PD catheter-related
infection, between laparoscopic surgery and open surgery. CI confidence interval, M-H Mantel-Haenszel
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surgical procedures. Postoperative pain was compared in
three RCTs, two of which compared the number of pa-
tients who complained of pain, and the other one com-
pared the pain scale scores between the two groups.

There was no difference in pain due to the difference in
surgical methods in the meta-analysis. In the first place,
the patients’ pain was subjective, the duration of the pain
was unknown, and the statement on analgesic use was

Fig. 4 Forest plot. a–d The meta-analysis of the risk ratios of the requirement for re-operation, quality of life, hospitalization periods, and catheter
migration associated with catheter insertion, between laparoscopic surgery and open surgery. d The subgroup analysis according to with or
without secured suture of the catheter
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also inadequate. Allvin et al. reported that surgical tech-
nique (open surgery versus laparoscopic surgery) does
not affect the quality of postoperative pain management
during the first postoperative day if adequate analgesia is
given [33]. It is an extremely important issue for quality
of life (QOL) and needs to be clarified by many studies
in the future.
Although SR and meta-analysis by Xie et al. compared

the hospitalization period associated with catheter place-
ment in the two groups, it was shown that there was no dif-
ference [26]. Unexpectedly, the present study showed that
open surgery had significantly shorter hospitalization than
laparoscopic surgery. The hospitalization period varied
from 2–3 days to 2 weeks depending on the study. There is
a possibility that high heterogeneity may exist because the
hospitalization period associated with catheter placement
varies depending on the policy of the institution.
In three of the four SRs and meta-analyses, laparoscopic

surgery was reported to reduce the risk for catheter migra-
tion [27–29]. However, these studies included observa-
tional studies. On the other hand, Xie et al. [26] analyzed
catheter migration by meta-analysis including only RCTs,
and they showed that there was no difference between the
two groups. The present meta-analysis including six RCTs
showed that laparoscopic surgery has a significantly lower
incidence of catheter migration than open surgery. How-
ever, the significance diminished on limiting the analysis
to RCTs involving laparoscopic surgery without secured
suture of the PD catheter. In other words, secured suture
of the catheter was shown to prevent catheter migration.
However, ISPD guidelines do not recommend it because
of the difficulty in removing the catheter from a firmly
holding stitch. In addition, Ashegh et al. reported that
catheter migration occurred in only 1.3% of cases even if
the tip of the catheter was not fixed [34].
The present meta-analysis evaluated several out-

comes using only randomized trials, including the lat-
est RCT. In addition, the present study evaluated the
outcome included pain and hospitalization period that
affect the patient's QOL. The current guidelines also
state that comparisons on advanced laparoscopic sur-
gery, basic laparoscopic surgery, and open surgery are
required. Recently, Shrestha et al. reported that cath-
eter placement by advanced laparoscopic surgery is as-
sociated with significantly superior results compared
to those of open surgery and basic laparoscopic sur-
gery [35]. It is an interesting finding that although the
advanced laparoscopic surgery was included in laparo-
scopic surgery group in this study, there was still no
difference in primary outcome as compared to open
surgery. In addition, it should be emphasized that the
intraperitoneal fixation of the catheter in laparoscopic
surgery contributed to the reduction of the risk of
migration.

This study has some limitations. First, the definition of
outcome was different in each of the RCTs. The defin-
ition of catheter survival was inconsistent across all stud-
ies, and assessment of catheter survival was short-term
and may need to focus on long-term outcomes. Four of
the seven RCTs did not mention whether the definition
of leakage was also early or late phase. Even in the three
RCTs where the definition of early leakage was given,
the time periods considered early were not identical (i.e.,
2 weeks, 4 weeks, or 6 weeks). Second, laparoscopic sur-
gery included peritoneoscopic placement in the report
by Gadallah et al. [4]. In other words, patients who were
included in the laparoscopic surgery group did not all
undergo the same procedure, leading to high heterogen-
eity. Third, the skills of the surgeon and the number of
surgeries performed also affect the outcome. In an RCT
by Xu et al. [8], open surgery was performed by nephrol-
ogists, and laparoscopic surgery was performed by sur-
geons. Furthermore, the RCT by Qiao et al. [9] was
unclear on who performed the surgery. In Japan, many
nephrologists have performed open surgery [36], but the
safety has not been fully verified. Finally, the largest limi-
tation is the small numbers of patients included in and
low quality of the studies, which may not lead to reliable
conclusions. Large-scale and high-quality RCTs are
needed in the future.
In conclusion, the present findings indicate that laparo-

scopic surgery has a limited advantage over open surgery
regarding the outcomes of PD patients. We would not
specifically recommend performing laparoscopic surgery
for PD catheter placement. In the future, we hope to con-
duct a comparative study of surgical procedure that fo-
cuses on patients’ quality of life, with a clear definition of
outcomes.

Appendix
The full electronic search strategies in the Cochrane
Central Register of Controlled Trials and PubMed
(A) Primary search for systematic reviews and clinical
practice guidelines in the Cochrane Central Register of
Controlled trials and PubMed.
(((((Peritoneal Dialysis[MH]) OR ((periton*[tw] AND

dialy*[tw]))) OR ((CAPD[tiab] OR CCPD[tiab] OR APD[-
tiab] OR TPD[tiab] OR (PD[tiab] AND (periton*[tw] OR
dialy*[tw]))))) AND (((((laparoscop*[tiab] OR peritoneos-
cop*[tiab] OR celioscop*[tiab]))) OR Laparoscopy[MH])
OR (((Catheters[MH]) OR Catheterization[MH]) OR
((catheter[tiab] OR catheters[tiab] OR catheterization[-
tiab]))))) AND ((“Meta-Analysis”[PT] OR “meta-analy-
sis”[TIAB]) OR (“Cochrane Database Syst Rev”[TA] OR
“systematic review”[TIAB]) OR (“Practice Guideline”[PT]
OR guideline[PT] OR “Practice Guidelines as Topic”[MH]
OR (guideline*[TIAB] NOT medline[SB]))))
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(B) Secondary search for randomized controlled trials
in PubMed.
(((“Peritoneal Dialysis”[MH]) OR (periton*[TW] AND

dialy*[TW]) OR (CAPD[TIAB] OR CCPD[TIAB] OR
APD[TIAB] OR TPD[TIAB] OR (PD[TIAB] AND (peri-
ton*[TW] OR dialy*[TW])))) AND (((“Laparoscopy”[MH])
OR (laparoscop*[TIAB] OR peritoneoscop*[TIAB] OR
celioscop*[TIAB])) OR ((“Catheters”[MH]) OR (“Catheter-
ization”[MH]) OR (catheter[TIAB] OR catheters[TIAB]
OR catheterization[TIAB])))) AND ((randomized con-
trolled trial[pt] OR controlled clinical trial[pt] OR rando-
mized[tiab] OR placebo[tiab] OR drug therapy[sh] OR
randomly[tiab] OR trial[tiab] OR groups[tiab]) NOT (ani-
mals[mh] NOT humans[mh]))
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