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Abstract
Background: Peritoneal dialysis (PD) is an effective treatment for end-stage renal disease. It allows patients more
freedom to perform daily activities compared to haemodialysis. Key to successful PD is the presence of a wellfunctioning dialysis catheter. Several complications, such as in- and outflow obstruction, peritonitis, exit-site
infections, leakage and migration, can lead to catheter removal and loss of peritoneal access. Currently, different
surgical techniques are in practice for PD-catheter placement. The type of insertion technique used may greatly
influence the occurrence of complications. In the literature, up to 35% catheter failure has been described when
using the open technique and only 13% for the laparoscopic technique. However, a well-designed randomized
controlled trial is lacking.
Methods/Design: The LOCI-trial is a multi-center randomized controlled, single-blind trial (pilot). The study
compares the laparoscopic with the open technique for PD catheter insertion. The primary objective is to
determine the optimum placement technique in order to minimize the incidence of catheter malfunction at 6
weeks postoperatively. Secondary objectives are to determine the best approach to optimize catheter function and
to study the quality of life at 6 months postoperatively comparing the two operative techniques.
Discussion: This study will generate evidence on any benefits of laparoscopic versus open PD catheter insertion.
Trial registration: Dutch Trial Register NTR2878

Background
Approximately 15.000 patients in the Netherlands are
diagnosed with end-stage renal disease (ESRD) and are
dependent on renal replacement therapy (peritoneal dialysis, haemodialysis or transplantation). Almost 6.300
patients are on dialysis. One fifth is on peritoneal dialysis (PD). PD has several advantages over haemodialysis
(HD): it allows patients greater freedom to perform
daily activities, it requires fewer dietary restriction, and
mortality is lower during the first two years of treatment
[1]. The costs may also be of great importance. PD costs
up to $43K dollars less than HD per person per year,
therefore well-functioning PD may have major economic
consequences [2,3]. However, we have noticed that PD
catheter insertion has a high rate of technical failure
using the standard open technique. Case-series report
up to 35% catheter failure with the open technique
* Correspondence: s.hagen@erasmusmc.nl
1
Department of Surgery, Erasmus MC, University Medical Center, Rotterdam,
The Netherlands. PO BOX 2040, 3000 CA, Rotterdam, The Netherlands
Full list of author information is available at the end of the article

[4-9]. Catheter malfunction is most commonly caused
by complications, such as malpositioning of the catheter
tip, in- and outflow obstruction, peritonitis, exit-site
infections and leakage. These complications often lead
to re-operation and even loss of PD as dialysis modality.
For a small but significant number of patients this
results in severe morbidity and even mortality. For
many other surgical procedures, laparoscopy has proven
to be superior to the open techniques, by reducing morbidity, length of hospital stay, postoperative pain and
improved convalescence [10-13]. An advantage of
laparoscopic PD catheter insertion, compared to the
conventional open technique, is the ability to insert the
catheter under direct vision. Direct visual feedback during placement, leads to better positioning at the end of
the operation [14,15].
In current literature, comparative trials reported no
significant difference in the risk of catheter removal,
replacement or technical failure between both techniques [9,16-19], however there are no well-designed
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randomized controlled trials comparing laparoscopic PD
catheter insertion to the traditional open technique.
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Table 1 Time schedule for filling out the questionnaires
Time of evaluation
Preoperative

Methods/Design

VAS

EuroQol

SF-36

X

X

X

Postoperative

Study objectives

Day 0

X

Primary Objective: Does the use of the laparoscopic
insertion technique lower the incidence of malfunctioning PD catheters at 6 weeks postoperatively?
Secondary Objectives: Does the use of the laparoscopic insertion technique improve catheter longevity
and reduce the rate of surgical complications, mortality,
leakage, catheter migration, re-admissions, exit-site
infections, peritonitis and duration of hospital stay?
Does the use of the laparoscopic insertion technique
reduce postoperative pain, the use of postoperative pain
medication and increase the quality of life? Does the use
of the laparoscopic insertion technique lower the incidence of malfunctioning PD catheters at 6 months
postoperatively?

Day 1

X

Day 2

X

Day 3

X

X

Week 1

X

X

Week 2
Week 4

X

X
X

Study design

The LOCI-trial is a multicenter prospective single
blinded, randomized controlled trial. The LOCI-trial has
a pilot nature, as the study will generate data that
should enable us to design a large multi-center randomised controlled trial comparing the laparoscopic PD
insertion technique with the open technique.
The design of this protocol is in accordance with the
CONSORT guideline [20]. We have stratified per center,
PD in the past and previous episodes of peritonitis. The
study has started on May 24 th 2011 and the duration
will be approximately 1.5 years. This study compares
laparoscopic and open PD catheter insertion. In total
100 patients will be included in the study. Approval of
the Medical Ethical Committee Erasmus MC, Rotterdam, The Netherlands, was obtained.
Randomisation will take place after endotracheal
intubation, by means of a web-based computer programme with supervision of the study coordinator.
This computer programme will generate the randomisation sequence. The patient will be blinded for the
operation technique in the postoperative period. The
wounds will be covered with a standard pattern of
bandages [21]. All patients will fill out questionnaires
(the Short-Form 36 (SF-36), EuroQol (EQ-5D) and a
Visual Analogue Scale (VAS) for pain) until 6 months
postoperatively. (Table 1)
Patient selection

All, Dutch speaking, patients with an indication for PD
can be included in this trial. Exclusion criteria are: BMI
>35 kg/m2, age <18 years and patients who are not able
to withstand a laparoscopic procedure. Informed consent is mandatory.

Week 6

X
X

Week 8

X

Week 12

X

X

Week 26

X

X

Patients will be informed about this study in the outpatient clinic. Patients can contact the research fellow, a
surgeon or an independent physician for further information. If patients will not sign the informed consent
form, the PD catheter will be inserted via the open technique (considered standard of care in our center).
Hypothesis

The laparoscopic PD catheter insertion technique will
lead to a lower incidence of malfunctioning catheters at
6 weeks postoperatively.
Study questions

Primary question: Does the use of the laparoscopic
insertion technique lower the incidence of malfunctioning PD catheters at 6 weeks postoperatively?
Secondary questions: Does the use of the laparoscopic
insertion technique improve catheter longevity and
reduce the rate of surgical complications, mortality,
leakage, catheter migration, re-admissions, exit-site
infections, peritonitis and duration of hospital stay?
Does the use of the laparoscopic insertion technique
reduce postoperative pain, the use of postoperative pain
medication and increase the quality of life? Does the use
of the laparoscopic insertion technique lower the incidence of malfunctioning PD catheters at 6 months
postoperatively?
Sample size calculation

At present, we do not have sufficient data to perform a
power analysis. Therefore, this pilot study will include
two groups of 50 patients. We anticipate that these 100
patients will be sufficient to indicate a difference in
technical failure rate at 6 weeks. We do not expect to
find significant differences in secondary end points in
this relatively small number of patients. In order to be
able to include the number of required patients, this
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study will take place in multiple hospitals. Based on the
outcome of this pilot study, we will design a larger multicenter randomized controlled trial, including a large
number of patients based on a power calculation.
Surgical interventions

Laparoscopic technique: pre-operatively, the surgeon or
peritoneal dialysis nurse will have marked the exit place
of the catheter together with the patient (left or right),
well above the belt.
The patient will be operated under general anaesthesia. Antibiotic prophylaxis (Vancomycin 1000 mg IV)
will be administered on the ward approximately 1 hour
before incision. Chloorhexidine desinfection will routinely be applied. The patient will be covered with sterile
drapes. The patient is put in Trendelenburg position. A
small subumbilical incision will be made, the fascia will
be opened. A 10-12 mm balloon trocar will be inserted
and pneumoperitoneum will be created by gas insufflation. Using a 30 degrees optique, the peritoneal cavity
will be inspected. Adhesions will be scored and adhaesiolysis will be performed where necessary to place the
catheter. A double-cuffed Swan Neck Tenckhoff dialysis
catheter will be placed on the abdomen of the patient,
to determine the best entry place and exit point. A
small incision is made at the entry point. With an 8 mm
trocar, a subcutaneous tunnel is created. The trocar is
then introduced in the peritoneal cavity. The catheter
will now be introduced with a stylet, without twisting
the catheter around the stylet. If necessary, an additional
5 mm trocar is inserted to enable securing of the PD
catheter in correct position. The catheter tip will be
placed in the pouch of Douglas. The stylet will be
retracted and the 8 mm trocar will be removed. The distal cuff of the catheter remains just outside the peritoneum. The peritoneal cavity will be desufflated. The
inflow and outflow will be tested with at least 500 cc of
saline with the patient in neutral position. This should
be very easy. Then the balloon trocar will be removed.
The sub umbilical fascia will be closed with Vycril-UR6
and the closure of the skin with Monocryl. After 14
days, PD training can be commenced. Conversion to an
open procedure will be performed for indications that
are common in laparoscopic procedures.
Open technique: The pre-operative measures are the
same as in the experimental intervention. A 4-5 cm
pararectal incision will be made, the anterior rectus fascia will be opened, the muscles will be split and the dorsal rectus fascia will be opened. The surgeon ensures
that the surrounding peritoneum is free of adhesions
with his fingers. Preferably, the os pubis is felt. The
catheter will now be introduced as described above and
the tip will be placed in the pouch of Douglas. Testing
of in- and outflow will be as described above. The
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peritoneum and fascia will be closed with a purse string
suture using PDS 3-0. The proximal end of the catheter
will be connected to a Redon needle, and a natural exit
point is determined, ensuring that the proximal cuff is
far enough from the exit point. Further as above. As
with the laparoscopic technique, PD training will be
started after 14 days.
Outcome measures
Primary outcome

The percentage of functioning CAPD catheters at 6
weeks postoperatively. This is defined by not having an
indication for catheter removal or revision for:
• An in- and/or outflow restriction. Outflow restriction is defined as an outflow time longer than 30
minutes, and urokinase treatment has failed.
• Refractory peritonitis, relapse peritonitis or fungal
peritonitis, as described in the national guidelines
defined by the Dutch Federation of Nephrology.
• Severe abdominal pain (VAS > 8) for 4 weeks.
• Pericanullar or subcutaneous leakage of peritoneal
fluid not improving spontaneously within 5 weeks
after catheter insertion.
• Tunnel- or exit-site infection not responding to
treatment in 2 weeks (refractory infection).
Secondary outcomes

Catheter longevity, the rate of surgical complications,
mortality, leakage, catheter migration, re-admissions,
infections, and duration of hospital stay. The quality of
life and pain score. The use of postoperative pain medication. Percentage of functioning PD catheters at 6
months postoperatively.
Treatment of participating PD patients

All patients will be treated according to the intention
to treat principle. Treatment and outpatient clinic visits will be in accordance with the current standard
protocol. Patients will be asked to fill out different
standardised questionnaires to evaluate pain and nausea (VAS-score), and quality of life (SF-36 and EQ5D). (Table 1)
Statistical analysis
Descriptive statistics

Categorical variables will be presented as numbers (percentages). Continuous variables will be presented as
medians (ranges). Categorical variables will be compared
with the Chi-square test. Continuous variables will be
compared with the Mann-Whitney-U test. All analyses
will be conducted using SPSS (version 17.0, SPSS Inc.,
Chicago, USA). A P-value <0.05 (two-sided) will be considered statistically significant.
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Univariate analysis

Categorical variables will be compared with the Chisquare test. Continuous variables will be compared with
the Mann-Whitney-U test or the two sample unpaired
t-test.
Multivariate analysis

Logistic regression will be applied to determine the
independent effects of age, gender, ASA classification,
body mass index, reason ESRD, time of surgery, medical
history, previous PD catheter insertion and previous
abdominal surgery on catheter survival.
Data collection and access to personal data

The operative data will be filled in immediately after
the operation by the operating surgeon via an online
case record form. The follow-up data will be collected
by the study coordinator, using the same system. The
case record forms are only accessible by logging in to
a specially designed website (http://www.locitrial.nl).
All personal data is coded into numbers (1 to 100).
Data will be verified at six months postoperatively by
comparing the patient records with the completed case
record forms manually. The coordinating investigator
and the principal investigator are the only persons who
have access to the coding system. According to hospital guidelines, all data are imported into a secured
database on a server of our institution and are managed by the coordinating investigator. At the end of the
trial all data is analysed in collaboration with the trial
statistician.

Discussion
In the literature, case-series suggest that the laparoscopic insertion technique is to be preferred over the
open technique. A higher incidence of exit-site infections in the open group (6.3-41% [22-25]) versus the
laparoscopic group (2.5-18% [26,27]) is reported, as well
as a higher incidence of catheter migration in the open
group (7.6-17.1% [22,25,28] versus 1.3-5.4% [26,27,29].
No differences have been described between open and
laparoscopic PD catheter insertion regarding the incidence of peritonitis, 2.9-31% [22-25] and 2.5-31%
[26,27,30], respectively. Important outcome measures
such as cost-effectiveness and quality of life have
hitherto not been investigated. To evaluate the true
value of laparoscopy in PD-catheter insertion, a well
designed randomized controlled trial, such as the LOCI
trial, is warranted.
To improve the reporting of this randomized controlled trial, the methods of this protocol are in adherence with the latest CONSORT statement (items 3-12
of the CONSORT checklist [20]). This study is designed
as a randomized controlled trial (item 3) and the eligibility criteria for participants are specifically mentioned
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in the methods section (item 4). The surgical techniques
are described in detail, so replication will be possible
(item 5). Primary and secondary outcome measures are
pre-defined (item 6). This is a pilot-trial and therefore a
sample-size calculation is not required at this point
(item 7). The methods of patient inclusion, the methods
of randomization and the mechanism to conceal the
sequence until interventions will be assigned, is
described in detail (item 8-10). This study is singleblinded and the methods to achieve this are described
in detail (item 11). The statistical methods which will be
used for the analysis of the results are present in this
protocol (item 12).
Author details
1
Department of Surgery, Erasmus MC, University Medical Center, Rotterdam,
The Netherlands. PO BOX 2040, 3000 CA, Rotterdam, The Netherlands.
2
Department of Nephrology, Erasmus MC, University Medical Center,
Rotterdam, The Netherlands.
Authors’ contributions
SMH and FJMFD drafted the manuscript and designed the study. AMA and
JNMIJ made substantial contributions to the study design and co-authored
the writing of the manuscript and revised it critically for important
intellectual content. All authors have read and approved the final
manuscript.
This project is funded by an efficiency grant of the Erasmus MC (project
number: 102542). The funding body had no role in designing or writing this
manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 15 June 2011 Accepted: 20 December 2011
Published: 20 December 2011
References
1. Vonesh EF, Snyder JJ, Foley RN, Collins AJ: The differential impact of risk
factors on mortality in hemodialysis and peritoneal dialysis. Kidney Int
2004, 66(6):2389-2401.
2. Berger A, Edelsberg J, Inglese GW, Bhattacharyya SK, Oster G: Cost
comparison of peritoneal dialysis versus hemodialysis in end-stage renal
disease. Am J Manag Care 2009, 15(8):509-518.
3. Haller M, Gutjahr G, Kramar R, Harnoncourt F, Oberbauer R: Costeffectiveness analysis of renal replacement therapy in Austria. Nephrol
Dial Transplant 2011.
4. Crabtree JH, Fishman A: Laparoscopic omentectomy for peritoneal
dialysis catheter flow obstruction: a case report and review of the
literature. Surg Laparosc Endosc Percutan Tech 1999, 9(3):228-233.
5. Crabtree JH, Fishman A: Videolaparoscopic implantation of long-term
peritoneal dialysis catheters. Surg Endosc 1999, 13(2):186-190.
6. 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. J Surg Res 2010, 159(1):489-496.
7. Soontrapornchai P, Simapatanapong T: Comparison of open and
laparoscopic secure placement of peritoneal dialysis catheters. Surg
Endosc 2005, 19(1):137-139.
8. Velasco Garcia MA, Garcia Urena MA, Carnero F, Fernandez Ruiz E, Remon
Rodriguez C, Aljama Perez-de-Lastra P: Omental entrapping of the
peritoneal dialysis catheter solved by a laparoscopic approach. Perit Dial
Int 1997, 17(2):194-195.
9. Wright MJ, Bel’eed K, Johnson BF, Eadington DW, Sellars L, Farr MJ:
Randomized prospective comparison of laparoscopic and open
peritoneal dialysis catheter insertion. Perit Dial Int 1999, 19(4):372-375.

Hagen et al. BMC Surgery 2011, 11:35
http://www.biomedcentral.com/1471-2482/11/35

10. Keus F, de Jong JA, Gooszen HG, van Laarhoven CJ: Laparoscopic versus
open cholecystectomy for patients with symptomatic cholecystolithiasis.
Cochrane Database Syst Rev 2006, , 4: CD006231.
11. Keus F, Gooszen HG, van Laarhoven CJ: Open, small-incision, or
laparoscopic cholecystectomy for patients with symptomatic
cholecystolithiasis. An overview of Cochrane Hepato-Biliary Group
reviews. Cochrane Database Syst Rev 2010, , 1: CD008318.
12. Klarenbeek BR, Bergamaschi R, Veenhof AA, van der Peet DL, van den
Broek WT, de Lange ES, Bemelman WA, Heres P, Lacy AM, Cuesta MA:
Laparoscopic versus open sigmoid resection for diverticular disease:
follow-up assessment of the randomized control Sigma trial. Surg Endosc
2011, 25(4):1121-1126.
13. Kok NF, Lind MY, Hansson BM, Pilzecker D, Mertens zur Borg IR,
Knipscheer BC, Hazebroek EJ, Dooper IM, Weimar W, Hop WC, Adang EM,
van der Wilt GJ, Bonjer HJ, van der Vliet JA, JN IJ: Comparison of
laparoscopic and mini incision open donor nephrectomy: single blind,
randomised controlled clinical trial. BMJ 2006, 333(7561):221.
14. Crabtree JH: Selected best demonstrated practices in peritoneal dialysis
access. Kidney Int Suppl 2006, , 103: S27-37.
15. Keshvari A, Najafi I, Jafari-Javid M, Yunesian M, Chaman R, Taromlou MN:
Laparoscopic peritoneal dialysis catheter implantation using a Tenckhoff
trocar under local anesthesia with nitrous oxide gas insufflation. Am J
Surg 2009, 197(1):8-13.
16. Gadallah MF, Pervez A, el-Shahawy MA, Sorrells D, Zibari G, McDonald J,
Work J: Peritoneoscopic versus surgical placement of peritoneal dialysis
catheters: a prospective randomized study on outcome. Am J Kidney Dis
1999, 33(1):118-122.
17. Strippoli GF, Tong A, Johnson D, Schena FP, Craig JC: Catheter-related
interventions to prevent peritonitis in peritoneal dialysis: a systematic
review of randomized, controlled trials. J Am Soc Nephrol 2004,
15(10):2735-2746.
18. Strippoli GF, Tong A, Johnson D, Schena FP, Craig JC: Catheter type,
placement and insertion techniques for preventing peritonitis in
peritoneal dialysis patients. Cochrane Database Syst Rev 2004, , 4:
CD004680.
19. Tsimoyiannis EC, Siakas P, Glantzounis G, Toli C, Sferopoulos G, Pappas M,
Manataki A: Laparoscopic placement of the Tenckhoff catheter for
peritoneal dialysis. Surg Laparosc Endosc Percutan Tech 2000, 10(4):218-221.
20. Schulz KF, Altman DG, Moher D: CONSORT 2010 Statement: updated
guidelines for reporting parallel group randomised trials. BMC Med 2010,
8:18.
21. Majeed AW, Troy G, Nicholl JP, Smythe A, Reed MW, Stoddard CJ,
Peacock J, Johnson AG: Randomised, prospective, single-blind
comparison of laparoscopic versus small-incision cholecystectomy.
Lancet 1996, 347(9007):989-994.
22. Johnson DW, Wong J, Wiggins KJ, Kirwan R, Griffin A, Preston J, Wall D,
Campbell SB, Isbel NM, Mudge DW, Hawley CM, Nicol DL: A randomized
controlled trial of coiled versus straight swan-neck Tenckhoff catheters
in peritoneal dialysis patients. Am J Kidney Dis 2006, 48(5):812-821.
23. Tiong HY, Poh J, Sunderaraj K, Wu YJ, Consigliere DT: Surgical
complications of Tenckhoff catheters used in continuous ambulatory
peritoneal dialysis. Singapore Med J 2006, 47(8):707-711.
24. Yang PJ, Lee CY, Yeh CC, Nien HC, Tsai TJ, Tsai MK: Mini-laparotomy
implantation of peritoneal dialysis catheters: outcome and rescue. Perit
Dial Int 2010, 30(5):513-518.
25. Liu WJ, Hooi LS: Complications after tenckhoff catheter insertion: a
single-centre experience using multiple operators over four years. Perit
Dial Int 2010, 30(5):509-512.
26. Lu CT, Watson DI, Elias TJ, Faull RJ, Clarkson AR, Bannister KM: Laparoscopic
placement of peritoneal dialysis catheters: 7 years experience. ANZ J
Surg 2003, 73(3):109-111.
27. Ashegh H, Rezaii J, Esfandiari K, Tavakoli H, Abouzari M, Rashidi A: One-port
laparoscopic technique for placement of Tenckhoff peritoneal dialysis
catheters: report of seventy-nine procedures. Perit Dial Int 2008,
28(6):622-625.
28. Hwang SJ, Chang JM, Chen HC, Tsai MK, Tsai JC, Hsu CH, Hsiao PW, Tsai CY,
Guh JY, Lai YH: Smaller insertion angle of Tenckhoff catheter increases
the chance of catheter migration in CAPD patients. Perit Dial Int 1998,
18(4):433-435.

Page 5 of 5

29. Lo WK, Lui SL, Li FK, Choy BY, Lam MF, Tse KC, Yip TP, Ng FS, Lam SC,
Chu WL, Cheng SW: A prospective randomized study on three different
peritoneal dialysis catheters. Perit Dial Int 2003, 23(Suppl 2):S127-131.
30. Schmidt SC, Pohle C, Langrehr JM, Schumacher G, Jacob D, Neuhaus P:
Laparoscopic-assisted placement of peritoneal dialysis catheters:
implantation technique and results. J Laparoendosc Adv Surg Tech A 2007,
17(5):596-599.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2482/11/35/prepub
doi:10.1186/1471-2482-11-35
Cite this article as: Hagen et al.: Laparoscopic versus open peritoneal
dialysis catheter insertion, the LOCI-trial: a study protocol. BMC Surgery
2011 11:35.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

