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Abstract
Aim: The application of laparoscopic catheterization technology in peritoneal dialysis (PD) patients has recently increased. However, the
advantages and disadvantages of laparoscopic versus conventional open PD catheter placement are still controversial. The aim of this
meta-analysis is to assess the complications of catheterization in PD patients and to provide a reference for choosing a PD-catheter
placement technique in the clinic.

Methods: We searched numerous databases, including Embase, PubMed, CNKI and the Cochrane Library, for published randomized
controlled trials (RCTs).

Results: Eight relevant studies (n=646) were included in the meta-analysis. The pooled results showed a lower incidence of catheter
migration (OR: 0.42, 95% CI: 0.19 to 0.90, P: 0.03) and catheter removal (OR: 0.41, 95% CI: 0.21 to 0.79, P: 0.008) but a higher incidence
of bleeding (OR: 3.25, 95% CI: 1.18 to 8.97, P: 0.02) with a laparoscopic approach than with a conventional approach. There was no
signi�cant difference in the incidence of omentum adhesion (OR: 0.32, 95% CI: 0.05 to 2.10, P: 0.24), hernia (OR: 0.38, 95% CI: 0.09 to
1.68, P: 0.20), leakage (OR: 0.69, 95% CI: 0.38 to 1.26, P: 0.23), intestinal obstruction (OR: 0.96, 95% CI: 0.48 to 1.91, P: 0.90) or
perforation (OR: 0.95, 95% CI: 0.06 to 15.42, P: 0.97). The statistical analysis showed no signi�cant difference in early (OR: 0.44, 95% CI:
0.15 to 1.33, P: 0.15) , late (OR: 0.89, 95% CI: 0.41 to 1.90, P: 0.76) or total (OR: 0.68, 95% CI: 0.42 to 1.12, P: 0.13) peritonitis infections
between the 2 groups, and there are no no signi�cant difference in early ( OR: 0.39, 95% CI: 0.06 to 2.36, P: 0.30), late ( OR: 1.35, 95% CI:
0.78 to 2.33, P: 0.16) or total ( OR: 1.20, 95% CI: 0.71 to 2.02, P: 0.17) tunnel or exit-site infections between the 2 groups.

Conclusion: Laparoscopic catheterization and conventional open catheter placement in PD patients have unique advantages, but
laparoscopic PD catheterization  may be superior to conventional open catheter placement. However, this conclusion needs to be
con�rmed with further large-sample-size, multi-centre, high-quality RCTs.

Background
Alternative treatments for end-stage renal disease (ESRD) include kidney transplantation, haemodialysis and peritoneal dialysis (PD). PD
has become the preferred alternative treatment for end-stage renal disease because of its low cost, simple technology, strong patient
independence, few dietary restrictions, stable haemodynamics and good protection of residual renal function[1]. Although PD is an
effective treatment for end-stage renal disease, the success of PD depends on successful PD-catheter. Successful placement of PD
catheters can improve the e�ciency of PD, reduce complications such as peritonitis and drifting catheters, and prolong the life of
patients[2]. Successful placement is also a prerequisite for effective progress in PD[3]. The main operation methods for PD catheterization
are traditional operation and laparoscopic operation.The traditional operation for PD catheter insertion involves “blind” insertion of the
catheter through a small lower abdominal incision using a malleable catheter guide[4]. This operation has certain blindness, and the
operating space is narrow, so it is not easy to accurately locate[5]. Compared with the traditional operation, the laparoscopic operation
has the advantages of less trauma and faster recovery after the operation[6], but it requires expensive equipment and specially trained
personnel; thus, the procedure is not easily popularized. Several authors[4,7-10] found a bene�t by the addition of laparoscopic guidance,
while others [11-14]showed these equivalent in terms of complications and catheter survival.

Because of this argument, a previous meta-analysis compared the complications between laparoscopic placement and conventional
insertion of a catheter[15]. The study showed that laparoscopic catheter placement had no superiority to the traditional operation, but only
four RCTs were included in the meta-analysis.As several new RCTs have been published recently, an updated meta-analysis is needed to
re-evaluate the results.

In this meta-analysis, we systematically reviewed and analysed previous randomized controlled trials to compare the complications from
conventional versus laparoscopic catheter placement in PD patients. The results of our study will provide a reference for future methods
of PD catheterization.

Methods
Search strategy

Three researchers (ZY, ZP and SML) performed a comprehensive literature search, and 8 relevant studies were obtained that conformed
to all of the eligible criteria. We searched the electronic databases PubMed, Embase, CNKI, and Cochrane Library for studies published
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prior to May 6, 2019. The following keywords were used: “Laparoscopic”, “Peritoneal Dialysis”, “Dialysis”, “Conventional”, “Open”, and
“Catheter”. Reference lists from the identi�ed studies were included to enrich the analysis.

Selection criteria

Three researchers (ZY, ZP and SML) conducted a preliminary review independently to search for randomized controlled trials (RCTs) that
met the inclusion criteria. Any discrepancy was resolved by consensus and discussion (Fig 1). The following criteria were used for
inclusion: 1) the study was an RCT; 2) the study compared the outcomes of a laparoscopic PD catheter insertion technique with those of
conventional insertion; 3) relative risk (RR) and 95% con�dence interval (CI) were calculated; and 4) more than 1 complication was
described. The main characteristics of the included studies are listed in Table 1.

Risk of bias assessment

The quality of all trials was assessed by three authors (ZY, ZP, and SML) independently according to the Cochrane quality criteria (Table
2). Any disagreement was settled by discussion with a fourth author (WB) until a consensus was reached.

Statistical analysis

Revman 5.3 software was used to perform the statistical analyses. The odds ratio (OR) with its 95% con�dence interval (CI) was used for
dichotomous data. If there was no signi�cant heterogeneity, a weighted �xed-effect model was used. Otherwise, a random-effects model
was used[21]. Heterogeneity was analysed statistically by the I2 and Chi2 statistics. The critical value for homogeneity was a P value less
than 0.05. A sensitivity analysis was conducted by omitting each study in turn to evaluate the quality and consistency of the results.

Heterogeneity was determined as follows: an Ι2 statistic of 0% to 25% was considered low heterogeneity; 25% to 50% was medium
heterogeneity; 50% to 75% was high heterogeneity; and 75% to 100% was considered powerful heterogeneity. The P value was
determined using the χ2 test; it was considered statistically signi�cant when P < 0.05[22].

Results
Study selection

We identi�ed a total of 776 articles in the initial retrieval. In this study, 69 duplicate articles were discarded after carefully reviewing the
titles and abstracts. When evaluated in detail, 697 articles were excluded because 189 were basic research studies, 171 were non-
controlled studies, and 337 were case reports or reviews. The remaining 10 articles were reviewed for a more detailed assessment. An
additional 2 articles were excluded due to a lack of available data. Finally, 8 studies with 646 participants ful�lled the inclusion criteria
for this meta-analysis. The main characteristics of the included RCTs (country, sample size, design, patient age, intervention and follow-
up) are described in Table 1. The retrieval strategy is described in the �ow diagram (Fig 1).

Sensitivity analysis and publication bias

No signi�cant heterogeneity was found in the results. Sensitivity analysis was performed to evaluate the stability of our results. The
results showed that no individual studies signi�cantly affected the heterogeneity.

Catheter-related complications

Migration: Five studies[10,12,18-20] assessed catheter migration in a total of 440per patient-years, with 217 assigned to laparoscopic
groups and 223 assigned to conventional open groups. Because there was no signi�cant heterogeneity, the �xed-effects model was used
(I2 = 34%). The statistical analysis showed a lower incidence of catheter migration in the laparoscopic group than in the conventional
open group (OR: 0.42, 95% CI: 0.19 to 0.90, P: 0.03), as presented in Table 3 and Fig 2.

Omentum adhesion: Only 2 studies[18,20] reported an incidence of omentum adhesion involving 166 per patient-years, with 83 assigned to
laparoscopic groups and 83 assigned toconventional open groups. Because there was no signi�cant heterogeneity, the �xed-effects
model was used (I2 = 0%). The statistical analysis showed no signi�cant difference between the 2 groups (OR: 0.32, 95% CI: 0.05 to 2.10,
P: 0.24), as presented in Table 3 and Fig 2.
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Hernia: Three studies[12,18,19] assessed the incidence of incisional hernias in a total of 243 per patient-years, with 120 assigned to
laparoscopic groups and 123 to conventional open groups. Because there was no signi�cant heterogeneity, the �xed-effects model was
used (I2 = 0%). The statistical analysis showed no signi�cant difference between the 2 groups (OR: 0.38, 95% CI: 0.09 to 1.68, P: 0.20), as
presented in Table 3 and Fig 2.

Leakage: The incidence of leakage was reported in 6 studies [10,12,14,16,18,19] involving 731 per patient-years, with 368 assigned to
laparoscopic groups and 363 assigned to conventional open groups. Because there was no signi�cant heterogeneity, the �xed-effects
model was used (I2 = 45%). The statistical analysis showed no signi�cant difference between the 2 groups (P: 0.23, OR: 0.69, 95% CI:
0.38 to 1.26), as presented in Table 3 and Fig 2.

Bleeding: The incidence of bleeding was reported in 4 studies[12,17-19] involving 353 per patient-years, with 176 assigned to laparoscopic
groups and 177 assigned to conventional open groups. Because there was no signi�cant heterogeneity, the �xed-effects model was used
(I2 = 0%). Compared with patients in the conventional open groups, patients in the laparoscopic groups showed a statistically signi�cant
increase in the incidence of bleeding ((OR: 3.25, 95% CI: 1.18 to 8.97, P: 0.02), as assigned in Table 3 and Fig 2.

 Intestinal obstruction: Four studies[16,18-20] assessed the incidence of intestinal obstruction in a total of 532 per patient-years, with 270
assigned to laparoscopic groups and 262 assigned to conventional open groups. Because there was no signi�cant heterogeneity, the
�xed-effects model was used (I2 = 0%). The statistical analysis showed no signi�cant difference between the 2 groups (OR: 0.96, 95% CI:
0.48 to 1.91, P: 0.90), as presented in Table 3 and Fig 2.

 Catheter removal: Only 2 studies[10,16]reported the incidence of catheter removal in a total of 198 per patient-years, with 101 assigned to
laparoscopic groups and 97 assigned to conventional open groups. Because there was no signi�cant heterogeneity, the �xed-effects
model was used (I2 = 0%). The statistical analysis showed a lower incidence of catheter removal in the laparoscopic group than in the
conventional open group (OR: 0.41, 95% CI: 0.21 to 0.79, P: 0.008), as presented in Table 3 and Fig 2.

Perforation: Only 1 study[16] reported the incidence of perforation, and it involved 148 per patient-years, with 76 assigned to laparoscopic
groups and 72 assigned to conventional open groups. Because there was only 1 study describing perforation, heterogeneity analysis was
not applicable. The statistical analysis showed no signi�cant difference between the 2 groups (OR: 0.95, 95% CI: 0.06 to 15.42, P: 0.97),
as presented in Table 3 and Fig 2.

Infections

Infections were divided into “early” and “late”. The de�nitions of “early” and “late” are shown in Table 1. Early infections are usually
related to catheter placement; late infections are usually related to multiple factors other than the surgical procedure[12]. A measure of
early and late infections was reported in 3[12,14,16] of the 8 trials.

Peritonitis: Seven studies[10,12,14,16,18-20] assessed the incidence of peritonitis in a total of 749 per patient-years. Because there was no
signi�cant heterogeneity, the �xed-effects model was used (I2 = 41%). The statistical analysis showed no signi�cant difference in early
(OR: 0.44, 95% CI: 0.15 to 1.33, P: 0.15) , late (OR: 0.89, 95% CI: 0.41 to 1.90, P: 0.76) or total (OR: 0.68, 95% CI: 0.42 to 1.12, P: 0.13)
peritonitis infections between the 2 groups, as presented in Table 4 and Fig 3.

Tunnel or exit-site infections: Three studies[12,14,16] assessed the incidence of tunnel or exit-site infections in a total of 315 per patient-
years. Because there was no signi�cant heterogeneity, the �xed-effects model was used (I2 = 30%). The statistical analysis showed no
signi�cant difference in early ( OR: 0.39, 95% CI: 0.06 to 2.36, P: 0.30) , late ( OR: 1.35, 95% CI: 0.78 to 2.33, P: 0.16) or total ( OR: 1.20,
95% CI: 0.71 to 2.02, P: 0.17) tunnel or exit-site infections between the 2 groups, as presented in Table 4 and Fig 4.

Discussion
In 1959, Richard Ruben[23] successfully used peritoneal dialysis (PD) for the �rst time. Popovich and Moncrief developed continuous
ambulatory PD, which promoted the use of PD[24]. Subsequently, the method of introducing catheters into the abdominal cavity was
modi�ed, and then an open operation, percutaneous puncture, peritoneoscopy and laparoscopic techniques were introduced[14,25,26].
Several authors favour laparoscopic catheter placement over conventional surgery and demonstrate the obvious advantages of
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laparoscopic PD-catheter in non-randomized trials[4,27,28]. However, due to the lack of RCTs with high quality and large sample sizes, this
conclusion is still controversial.

Recently, a few RCTs examining the two techniques have been published. Gadallah et al. conducted an RCT with 148 patients addressing
the use of the laparoscope for dialysis catheter implantation and provided us with some suggestions for catheter placement[16]. Later,
Jwo et al. conducted an RCT with 77 patients for comparison of conventional placement with laparoscopic-assisted placement of a
Tenckhoff PD catheter; they wrote a report and concluded that laparoscopic-assisted catheter placement exhibited no superiority to the
conventional operation technique[12]. A previous meta-analysis compared the two surgical methods. They also found that laparoscopic
catheter placement had no superiority to the traditional operation, but only four RCTs were included in the meta-analysis. As several new
RCTs have been published recently, a number of different views have emerged. Therefore, we performed a meta-analysis to make it
convenient for clinicians to select the appropriate surgical approach.

In this study, we conducted a meta-analysis to compare the complications of laparoscopic versus conventional catheter placement in PD
patients. Our results showed that laparoscopic insertion could signi�cantly decrease the probability of migration and catheter removal.
However, laparoscopic PD-catheter has a higher risk of bleeding than conventional open catheterization. Jwo et al. reported that the
higher incidence of bleeding in the laparoscopic group may be due to the fact that the puncture procedure lacks su�cient monitoring of
bleeding[12]. No signi�cant difference was found in other complications, such as omentum adhesion, hernia, leakage, intestinal
obstruction and perforation. No statistically signi�cant difference was found in the incidence of peritonitis or exit-site/tunnel infection.

Compared with laparoscopic minimally invasive PD catheterization, conventional PD catheterization has the following disadvantages: 1)
a long operation time, strong pain (laparoscopy PD catheterization is a general anesthesia operation, while conventional PD
catheterization is under local or epidural anesthesia. Therefore, patients often have “strong pain” during the conventional PD
catheterization), a long incision length and a slow recovery[29]; 2) a limited �eld of vision, as it is not as open as the laparoscopic
minimally invasive operation, and blindcatheter placement by hand leads to inaccurate catheter placement, easy catheter movement or
catheter obstruction by the greater omentum[3]; 3) the incision infection rate is high, with ESRD often associated with a variety of
diseases, poor resistance, and traditional PD catheterization associated with a longer incision length and a high infection rate that often
lead to surgical failure[3]; and 4) the operation is more di�cult for obese patients[3]. Zhang et al. reported that the failure rate of
conventional open PD catheter placement could reach 10.0% to 22.0%. Therefore, accurate intraoperative positioning and �xation and
prevention of postoperative infection are important for successful PD treatment.

Lee et al. reported[30] that 102 patients who received PD were divided into two groups, which received either laparoscopic or conventional
catheter placement, and were followed up for 6 months after the operation. The results showed that the probability of transabdominal
tube displacement and blockage in patients who received traditional laparotomy was 12%. However, no drift or blockage of the peritoneal
tube occurred in patients undergoing laparoscopic peritoneal catheterization. There are other reports of laparoscopic PD catheter
placement describing excellent results. Ko J et al. reported[31] that the success rate of laparoscopic PD-catheter was 100%. Other
researchers have used stitches to �x the catheter in place during laparoscopy, with reported success rates of 94% to 100%[28,32]. A study
by Ko et al. also showed a favourable outcome when �xing the catheter to the lower abdominal wall. In their report, only 1 late migration
(2.6%) of the catheter occurred. Regretfully, patient details were not provided in the study[31].

There are several limitations of our meta-analysis that should be taken into account. First, the information in several studies was
incomplete because of the lack of su�cient data, and subgroup analysis based on study type or study region was not conducted.
Second, the follow-up times in some studies were different and could have affected our conclusions. Third, as mentioned in the
individual studies, the conditions and techniques investigated in the studies varied widely. The RCTs in this meta-analysis had key
methodological limitations, particularly due to participant attrition and unclear blinding methods, which reduced our con�dence in the
conclusions drawn from the contributing data. Finally, the inevitable result of these practice trials was that there were so many
laparoscopic techniques used by surgeons for catheter placement, and these different PD-catheter techniques may have affected the
�nal results. Despite these limitations, our results are very meaningful for understanding the differences in outcomes between
laparoscopic catheter placement and conventional open operation catheter placement. These limitations also encourage researchers to
design stricter RCTs in the future.

Conclusions
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Qie et al. reported[1] that PD-catheter related complications such as catheter migration and catheter removal are the common causes of
technical failure of peritoneal dialysis, our meta-analysis demonstrates that compared with conventional open PD-catheter placement,
laparoscopic catheterization can reduce the occurrence of catheter migration and catheter removal. Therefore, we believe that the
laproscopic PD catheter may be superior to conventional open catheter placement, especially for those patients with abdominal surgery
history who are not suitable for open surgery[18]. However, laparoscopic PD-catheter has a higher risk of bleeding than conventional open
PD-catheter. Our results will provide a reference for choosing a PD catheter placement technique.

Declarations
Acknowledgements

The authors are grateful to WB and ZP for their valuable help with the literature search.

Declarations

Ethics approval and consent to participate

N/A.

Consent for publication

N/A.

Availability of data and materials

All data generated or analysed during this study are included in this published article.

Competing interests

The authors declare that they have no competing interests.

Funding

There are no funds associated with this article.

Authors' contributions

ZY, TYH and SMLconceived and designed the study. ZY, ZP, JH, MTA, TYH, HSL and SML were responsible for the collection of data and
performing the statistical analysis and manuscript preparation. WB, JH and ZY were responsible for checking the data. All authors were
responsible for drafting the manuscript, and read and approved the �nal version.

Acknowledgements

N/A.

Abbreviations
CI = con�dence interval, CNKI = China National Knowledge Infrastructure database, ESRD = end-stage renal disease, OR = odds ratio, PD
= peritoneal dialysis, RCT = randomized controlled trial.

References
[1] Qie SW, Chen S, Yang X. Causes and prevention of peritoneal dialysis catheter-related complications. J Clin Res. May-Jun
2014;31(7):1420-1421.

[2] Liao Y, Wu G, Liu ZS. Comparison of survival rates between Laparoscopic versus open catheter placement in peritoneal dialysis
patients. J Clin Nephrol. 2015;15(7):401-405.

[3] Li YL, Du XY, A LM. The clinical application of laparoscopic peritoneal dialysis. J clin Surg. 2017;25(1):58-60.



Page 7/13

[4] Gajjar AH, Rhoden DH, Kathuria P, Kaul R, Udupa AD, Jennings WC. Peritoneal dialysis catheters: laparoscopic versus traditional
placement techniques and outcomes. American journal of surgery. Dec 2007;194(6):872-875; discussion 875-876.

[5] Tang LH, Lin LG, Ling JH, Lin JP. Comparison on the clinical e�cacy of laparoscopic and open surgery in placement of peritoneal
dialysis catheters. Journal of Qiqihar Medical University. 2019;40(5):575-577.

[6] Kalaivani V, Pujari VS, Sreevathsa M, Bharati V, Hiremath Y. Laparoscopic Cholecystectomy Under Spinal Anaesthesia vs. General
Anaesthesia: A Prospective Randomised Study. Journal of clinical and diagnostic research : JCDR. Aug 2014;8(8):Nc01-04.

[7] Crabtree J, Fishman A. A laparoscopic method for optimal peritoneal dialysis access. Am Surg. 2005;71(2):135-143.

[8] Draganic B, James A, Booth M, Gani J. Comparative experience of a simple technique for laparoscopic chronic ambulatory peritoneal
dialysis catheter placement. Aust N Z J Surg. 1998;68(10):735-739.

[9] Oğünç G, Tuncer M, Oğünç D, Yardimsever M, Ersoy F. Laparoscopic omental �xation technique versus open surgical placement of
peritoneal dialysis catheters. Surgical endoscopy. 2003;17(11):1749-1755.

[10] Tsimoyiannis EC, Siakas P, Glantzounis G, et al. Laparoscopic placement of the Tenckhoff catheter for peritoneal dialysis. Surgical
laparoscopy, endoscopy & percutaneous techniques. Aug 2000;10(4):218-221.

[11] Eklund B, Groop P, Halme L, Honkanen E, Kala A. Peritoneal dialysis access: a comparison of peritoneoscopic and surgical insertion
techniques. Scand. J. Urol. Nephrol. 1998;32(6):405-408.

[12] Jwo SC, Chen KS, Lee CC, Chen HY. Prospective randomized study for comparison of open surgery with laparoscopic-assisted
placement of Tenckhoff peritoneal dialysis catheter--a single center experience and literature review. The Journal of surgical research.
Mar 2010;159(1):489-496.

[13] Mattioli G, Castagnetti M, Verrina E, et al. Laparoscopic-assisted peritoneal dialysis catheter implantation in pediatric patients.
Urology. 2007;69(6):1185-1189.

[14] Wright MJ, Bel'eed K, Johnson BF, Eadington DW, Sellars L, Farr MJ. Randomized prospective comparison of laparoscopic and open
peritoneal dialysis catheter insertion. Peritoneal dialysis international : journal of the International Society for Peritoneal Dialysis. Jul-Aug
1999;19(4):372-375.

[15] Xie H, Zhang W, Cheng J, He Q. Laparoscopic versus open catheter placement in peritoneal dialysis patients: a systematic review and
meta-analysis. BMC nephrology. Jul 27 2012;13:69.

[16] Gadallah MF, Pervez A, el-Shahawy MA, et al. Peritoneoscopic versus surgical placement of peritoneal dialysis catheters: a
prospective randomized study on outcome. American journal of kidney diseases : the o�cial journal of the National Kidney Foundation.
Jan 1999;33(1):118-122.

[17] Van Laanen JHH, Cornelis T, Mees BM, et al. Randomized Controlled Trial Comparing Open Versus Laparoscopic Placement of a
Peritoneal Dialysis Catheter and Outcomes: The CAPD I Trial. Peritoneal dialysis international : journal of the International Society for
Peritoneal Dialysis. Mar-Apr 2018;38(2):104-112.

[18] Qiao Q, Lu GY, Xu DY, Zhou XJ. A comparison of two methods for catheterization in peritoneal dialysis. Jiangsu Med J.
2012;38(23):2812-2814.

[19] Qu JY, Hu GQ. Clinical study of modi�ed open peritoneal dialysis catheterization and laparoscopic catheterization. Shenzhen Journal
of Integrated Traditional Chinese and Western Medicine. 2017;27(12):166-168.

[20] Xu T, Zang L, Xie JY, Mao ZH. E�cacy and safety of laparoscopic and conventional placement of peritoneal dialysis catheters
inpatients with ESRD. J Nephrol Dialy Transplant. 2010;19(05):430-434.

[21] Zhang Y, Luo J, Hu B, Ma T. E�cacy and safety of tacrolimus combined with glucocorticoid treatment for IgA nephropathy: a meta-
analysis. The Journal of international medical research. Aug 2018;46(8):3236-3250.



Page 8/13

[22] Zhang Y, Ma T, Zhang P. E�cacy and safety of nicotinamide on phosphorus metabolism in hemodialysis patients: A systematic
review and meta-analysis. Medicine. Oct 2018;97(41):e12731.

[23] Blagg CR. The early history of dialysis for chronic renal failure in the United States: a view from Seattle. American journal of kidney
diseases : the o�cial journal of the National Kidney Foundation. Mar 2007;49(3):482-496.

[24] Popovich RP, Moncrief JW, Nolph KD. Continuous ambulatory peritoneal dialysis. Arti�cial Organs. 1978;35(5):84-86.

[25] Allon M, Soucie JM, Macon EJ. Complications with permanent peritoneal dialysis catheters: experience with 154 percutaneously
placed catheters. Nephron. 1988;48(1):8-11.

[26] Varela JE, Elli EF, Vanuno D, Horgan S. Mini-laparoscopic placement of a peritoneal dialysis catheter. Surgical endoscopy. Dec
2003;17(12):2025-2027.

[27] Ogunc G, Tuncer M, Ogunc D, Yardimsever M, Ersoy F. Laparoscopic omental �xation technique versus open surgical placement of
peritoneal dialysis catheters. Surgical endoscopy. Nov 2003;17(11):1749-1755.

[28] Soontrapornchai P, Simapatanapong T. Comparison of open and laparoscopic secure placement of peritoneal dialysis catheters.
Surgical endoscopy. Jan 2005;19(1):137-139.

[29] Zhang M, Wang B, Cui WP, Zhou WH. Comparison of peritoneal dialysis catheters. Chinese journal of gerontology. 2017;37(1):235-
238.

[30] Lee YK, Yang PS, Park KS, Choi KH, Kim BS. Modi�ed Peritoneal Dialysis Catheter Insertion: Comparison with a Conventional
Method. Yonsei medical journal. Jul 2015;56(4):981-986.

[31] Ko J, Ra W, Bae T, Lee T, Kim HH, Han HS. Two-port laparoscopic placement of a peritoneal dialysis catheter with abdominal wall
�xation. Surgery today. 2009;39(4):356-358.

[32] Krezalek MA, Bonamici N, Lapin B, et al. Laparoscopic peritoneal dialysis catheter insertion using rectus sheath tunnel and selective
omentopexy signi�cantly reduces catheter dysfunction and increases peritoneal dialysis longevity. Surgery. Oct 2016;160(4):924-935.

Table
Table 1. Main characteristics of the included studies.
Study Country Design Sample Size (n)   Age (year)   Follow-

up (month)
  Outcomes

Laparoscopic Conventional   Laparoscopic Conventional   Early Late    
Gadallah
1999[ 16]

USA RCT 76 72   45.0±1.8 47.2±2.4   0.5 0.5-
8

  complications

Wright[ 14]
1999

UK RCT 24 21   46.4±14.8 49.3±20.2   1.5 1.5-
26

  complications

Tsimoyiannis
2000[ 10]

Greece RCT 25 25   53.7±12.2 61.4±6.1   36   complications

Jwo
2010[ 12]

Taiwan RCT 37 40   56.6±13.4 54.4±16.5   1 1-8   complications

Laanen
2018[ 17]

Netherlands RCT 46 44   62.6±14.1 64.5±14.1   8   complications

Qiao
2012[ 18]

China RCT 58 58   47.64±13.73   24   complications

Qu
2017[ 19]

China RCT 35 35   39.4±11.3 39.8±11.2   12   complications

Xu
2010[ 20]

China RCT 25 25   53.6±14.6 59.2±16.8   18   complications

Table 2. Risk of bias in published randomized control trials.
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Infections   Results   Heterogeneity
Parameter N/Pt-yr Effects Model Pooled Estimate 95% CI P-value Chi2 I2 P-value
Migration[ 10, 12, 18-20] 5/440   Fixed 0.42 0.19 to 0.90 0.03   7.55 34% 0.18

Omentum adhesion[ 18, 20] 2/166 Fixed 0.32 0.05 to 2.10 0.24 0.94 0% 0.33

Hernia[ 12, 18, 19]   3/243   Fixed 0.38 0.09 to 1.68 0.20   0.29 0% 0.20

Leakage[ 10, 12, 14, 16, 18, 19] 8/731   Fixed 0.69 0.38 to 1.26 0.23   12.83 45% 0.08
Bleeding[ 12, 17-19] 4/263   Fixed 3.88 1.28 to 11.77 0.02   0.08 0% 0.96
Intestinal obstruction[ 16, 18-20] 5/532   Fixed 0.96 0.48 to 1.91 0.90   2.54 0% 0.64

Catheter removal[ 10, 16] 2/198   Fixed 0.41 0.21 to 0.79 0.008   0.06 0% 0.80

Perforation[ 16] 1/148   Fixed 0.95 0.06 to 15.42 0.97   Not applicable

Study Random
sequence
generation

Allocation
concealment

Blinding of
participants and
personnel

Blinding of
outcome
assessment

Incomplete
outcome
data

Selective
reporting

Other
bias

Score

Gadallah
1999[ 16]

UC UC Low risk Low risk Low risk
(Loss to
follow-up:
0)

Low risk Low
risk

5

Wright
1999[ 14]

Low risk Low risk Low risk Low risk Low risk
(Loss to
follow-up:
0)

Low risk Low
risk

5

Tsimoyiannis
2000[ 10]

Low risk Low risk Low risk Low risk Low risk
(Loss to
follow-up:
3/50)

Low risk Low
risk

7

Jwo
2010[ 12]

UC UC Low risk Low risk Low risk
(Loss to
follow-up:
0)

Low risk Low
risk

5

Laanen
2018[ 17]

Low risk Low risk Low risk Low risk Low risk
(Loss to
follow-up:
5/95)

Low risk Low
risk

7

Qiao
2012[ 18]

UC UC Low risk Low risk Low risk
(Loss to
follow-up:
6/116)

Low risk Low
risk

5

Qu
2017[ 19]

UC UC Low risk Low risk Low risk
(Loss to
follow-up:
0)

Low risk Low
risk

5

Xu
2010[ 20]

UC UC Low risk Low risk Low risk
(Loss to
follow-up:
0)

Low risk Low
risk

5

UC: unclear

Table 3. The results of catheter-related complications in observational studies.
 

 

 

 

 

 

 

 

N/Pt-yr: No. of studies/Patient-years

 

 

Table 4. The results of infections in observational studies.
N/Pt-yr: No. of studies / Patient-years.
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Infections   Results   Heterogeneity
Parameter N/Pt-

yr
Effects
Model

Pooled
Estimate

95% CI P-
value Chi2 I2  P-

value
Peritonitis                    

Early[ 14, 16] 2/193 fixed 0.44 0.15 to
1.33

0.15 3.56 72% 0.15

Late[ 12, 14, 16] 3/270   fixed 0.89 0.41 to
1.90

0.76   5.02 60% 0.76

Total[ 10, 12, 14, 16, 18-20]         
               

9/749   fixed 0.68 0.42 to
1.12

0.13   12.61 37% 0.13

Tunnel /exit-site infection                    

Early[ 14] 1/45   fixed 0.39 0.06 to
2.36

0.30   Not applicable

Late[ 12, 14, 16] 3/270   fixed 1.35 0.78 to
2.33

0.16   3.68 46% 0.29

Total[ 12, 14, 16] 4/315   fixed 1.20 0.71 to
2.02

0.49   5.00 40% 0.17

Figure 1

Flow chart of the studies included in the meta-analysis.
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Figure 2

Forest plot of catheter-related complications in observational studies. The follow-up times of "early" and "late" are de�ned in Table 2.
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Figure 3

Forest plot of peritonitis in observational studies. The follow-up times of "early" and "late" are de�ned in Table 2.
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Figure 4

Forest plot of tunnel (exit-site) infections in observational studies. The follow-up times of "early" and "late" are de�ned in Table 2.
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