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Abstract

Background: Peritoneal dialysis has been proven to be a safe and effective mode of renal replacement therapy for
patients with end-stage renal disease. The usage of laparoscopic catheter placement technique was increased in
recent years. But the advantages and disadvantages between the laparoscopic catheter placement technique and
open laparotomy technique were still in controversy. The objective of this study is to access the operation-related
data and complications of catheter placement for peritoneal dialysis (PD) patients, Then to determine the better
method for catheter insertion.

Methods: We performed a systematic review and meta-analysis on published studies identified by the databases
PubMed, EMBASE, Highwire, and the Cochrane Library. Analysis was performed using the statistical software Review
Manager Version 5.0.

Results: We assessed the operation-related data and complications of four randomized controlled trials (RCTs) and
ten observational studies. The available data showed that laparoscope prolonged the time for catheter insertion in

PD patients, however, the two groups did not significantly differ in hospital stays, early and late complications,
including infection, dialysate leaks, catheter migration, pericannular bleeding, blockage and hernia.

Conclusions: The data showed that Laparoscopic catheter placement had no superiority to open surgery. However,
this treatment still needs to be confirmed in a large, multi-center, well-designed RCT.
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Background

Peritoneal dialysis has been proven to be a safe and ef-
fective mode of renal replacement therapy for patients
with end-stage renal disease. Catheter placement, first
developed in 1968 [1], was thought to be the key to
successful peritoneal dialysis ( PD). Various techniques
have been described for catheter insertion. Tradition-
ally, an open laparotomy technique has been used via a
lower abdominal incision. Recently, this technique had
been used in catheter insertion in PD patients because
of the development of the laparoscope. Laparoscopic
guidance has been used to locate catheter under direct
vision. Ash et al (1981) [2] first used peritonoscopy for
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guidance of peritoneal dialysis catheterization, and Jwo
SC et al extended this technique to laparoscopy [3-17].
However, both methods carried their own risks, includ-
ing exit infection or peritonitis, outflow obstruction,
leakage and so on [18,19]. The ideal method of PD
catheters insertion remained debatable. Quite a few re-
search papers compared the advantages and disadvan-
tages between these two surgical methods and
suggested different conclusions [3-16]. Several authors
[4,7,10,11,13,15] found a benefit by the addition of lap-
aroscopic guidance, while the others [3,6,8,16] showed
they were equivalent in complications and catheter sur-
vival. Because of this argument, we performed a meta-
analysis of four randomized controlled trials (RCTs)
and a systematic review of ten observational studies to
compare laparoscopy with open placement of peritoneal
dialysis catheter (PDC).
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Methods

Search strategy

We conducted a search on PubMed, EMBASE, High-
wire, and the Cochrane Library from 1990 using the key-
words "laparoscopy”, "laparoscopic”, "catheter" and
"peritoneal dialysis". All RCTs and observational studies
comparing these two surgical methods were identified.
There were no language restrictions on inclusion for the
systematic review. We also used the "related articles”
function to broaden the search. All abstracts, studies,
and citations scanned were reviewed. References of the
articles acquired were also searched by hand. The latest
date for this search was October 20, 2011.

Inclusion criteria

We included all RCTs and observational studies which
compared the laparoscopic catheter implantation with
open technique and reported the surgical complications,
operation-related data, and other relevant information.
The studies should have been published as full-length
articles in peer-reviewed journals.

Exclusion criteria

We excluded studies if the surgical complications,
operation-related data, and other relevant information
were not clearly reported; or it was impossible to ex-
tractor to calculate the appropriate data from the pub-
lished results. Duplicate publications were also excluded.

Data extraction

We extracted data from the RCTs and observational
studies included in terms of patient characteristics, sam-
ple size,, mean age, gender, history of abdominal surgery,
and the following reported outcomes:(1)The operation
time, duration of hospital stay,(2)The incident rate of
catheter -related complication such as infection, dialys-
ate leak, catheter migration, outflow obstruction, peri-
cannular bleeding, blockage and hernia. Data extraction
was performed by two independent reviewers (H.X. and
J.C.). Disagreements between these two investigators
regarding studies included were solved by consensus.

Quality assessment
We access the methodological quality of observational
studies using the Newcastle—Ottawa scale [20]. A quality
score was calculated on the basis of three major compo-
nents: selection of the groups of study (0 to 4 points),
comparability of groups (0 to 2 points), and assessment
of outcome (0 to 3 points). The maximum score is 9
points, representing the highest methodological quality.
We assessed the methodological quality of RCTs using
adapted criteria from the Cochrane Handbook version
5.0.1 from the Cochrane Collaboration guidelines [21].
Assessing risk of bias: sequence generation; allocation

Page 2 of 8

concealment; blinding of participants and personnel;
blinding of outcome assessment; incomplete outcome
data; selective outcome reporting; other potential sources
of bias.

Statistical analysis

We carried out the meta-analysis using Review Manager
Software (RevMan, version 5.0) provided by the
Cochrane Collaboration [22]. For continuous outcomes,
we expressed the results using the weighted mean differ-
ence (WMD) with 95% confidence intervals (CIs). For
dichotomous outcomes, we planned to report results as
odds ratio (OR) with 95% CIs. We accessed the statis-
tical heterogeneity between studies using the x* test and
evaluated the extent of inconsistency using the I” statis-
tic. A fixed-effect model was used for calculation of
summary estimates and their 95% CI unless they had
significant heterogeneity, in which case results were con-
firmed using a random-effect statistical model. P < 0.05
was considered statistically significant. We conducted
separate analysis for observational studies and RCTs.

Results

Search results

As shown in Figure 1, the search strategy identified four
randomized controlled trials [3-6] and ten observational
studies [7-16] that compared the results of laparoscopic
to open surgical method for peritoneal dialysis catheter
implantation. All the studies were published in English.
Publication dates ranged from 1998 to 2010. Table 1
contains specific information on study design, sample
size, age, sex, history of prior abdominal surgery and
outcome in this systematic review.

Study quality

The quality of the observational studies varied from 5 to
7 points, with a mean of 6.5 points. Most studies were
of moderate to high quality.

Sequence allocation concealment was only used in two
of the included RCTs [3,4,6]. Blinding was unclear in ei-
ther of the included RCTs, except for one study [6]. All
the RCTs were analyzed on incomplete outcome data or
selective outcome reporting. Other potential sources of
bias are unclear. The studies were of low to moderate

quality.

Outcome

Observational studies

The results of operation-related data in observational
studies were shown in Table 2. From Table 2, we found
that laparoscope prolonged the time necessary for cath-
eter insertion, but that there were no significant differ-
ences in hospital stays.
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The results of complications in observational studies
were shown in Table 2. From Table 2, we found that that
there were no significant differences in exit site and tun-
nel infection, peritonitis, dialysate leaks, catheter migra-
tion, pericannular bleeding, blockage and hernia
between the two groups.

RCTs

The results of operation-related data in RCTs were
shown in Table 3. From Table 3, we found that laparo-
scope prolonged the time necessary for catheter inser-
tion, but that there were no significant differences in
hospital stays.

The results of complications in RCTs were shown in
Table 3. From Table 3, we found that there were no sig-
nificant differences in complications of infection, dialys-
ate leaks, catheter migration, pericannular bleeding and
hernia between the two groups.

Subgroup analysis For the main complications such as
catheter-related infection, dialysate leak and catheter mi-
gration, early and late complications were mentioned in
three [3,5,6] of the four RCTs. Subgroup analysis was
used to reduce the heterogeneity in the study.

Infection The fixed effects model was used because
there was no significant heterogeneity. Forest plots dis-
played the results of the meta-analysis for early infection
(OR=0.47, 95% CIL: 0.18,1.25; p=0.13), late infection
(OR=1.16, 95% CIL: 0.72,1.88; p=0.55), overall infec-
tion (OR=0.92, 95% CI: 0.61,1.39; p=0.70). The
results showed that there were no significant differ-
ences of early, late and overall infection between the
two groups (Figure 2).

Dialysate leaks The random effects model was used be-
cause of the moderate heterogeneity of dialysate leak.
Forest plots displayed the results of the meta-analysis for
early dialysate leaks (OR=0.63, 95% CI: 0.14,2.91;
p=0.55), late dialysate leaks (OR=1.08, 95% CIL
0.07,17.97; p=0.96), and overall dialysate leaks (OR=
0.46, 95% CI: 0.11,1.83; p=0.27). The results showed
that there were no significant differences of early, late
and overall dialysate leaks between the two groups
(Figure 3).

Catheter migration The fixed effects model was used
because there was no significant heterogeneity. Forest
plots displayed the results of the meta-analysis for early



Table 1 Basic imformations of the studies

Ref Cases

Age

Sex (male/female)

History of prior
abdominal surgery

Operativing time

Hospital stays

Outcome

Laparoscopic Open Laparoscopic Open Laparoscopic Open Laparoscopic Open Laparoscopic Open Laparoscopic Open
group group group group group group group group group group group group

Jwo SC 37 40  5665+1399 54431649 12/25 18/22 4 5 683243190 4668+ 1599 14.81+561 13.08+6.80 complications
2010 [3]

Tsimoyiannis EC 25 25 58(25-74) 62(48-78) 18/7 16/4 _ — 2947 22+5 complications
2000 [4]

Gadallah MF 76 72 45+18 472+24 37/39 22/34 37 33 complications
1999 [5]

Wright MJ 21 24 4641148 493+20.2 14/7 15/9 11 5 218+£29 143+33 31119 24+08 complications
1999 [6]

Gajjar AH 45 30 —— _— —_ _ 14 4 complications
2007 [7]

Mattioli G 17 17 142(14-205) 134(1.1-173) 8/7 7/7 3 2 55(30-115) 50(30-65) complications
2007 [8]

Soontrapornchai P 50 52 5511 60+ 11 33/17 35/17 —_— — 65%17 29£3 complications
2005 [9]

Crabtree JH 78 63  558+13.1 495+137  42/36 38/25 43 19 complications
2005 [10]

200 544+143 _ 108/92 —_ 106 _

0glng G 21 21 51.1+£20 442436 12/9 8/13 11 0 454451 309+13 1.1+£0.1 31+£06 complications
2003 [11]

Daschner M 25 23 692 m-193Y) 32(2d-19.2Y) —— —_ e —— 218429 143+33 31119 24+08 complications
2002 [12]

Batey CA 14 12 489(20-72) 46(19-62) 8/6 9/3 _ —— 417412742 557+14285 0.14 1.5 complications
2002 [13]

Crabtree JH 150 63 55+134 495+137 85 38 35 19 complications
2000 [14]

Draganic B 30 30 56.5(19-74) 63.2(18-83) 16/14 7/22 15 13 complications
1998 [15]

Eklund B 65 43 504(27-75) 52.6(20-75)  34/26 22/20 e —_ complications
1998 [16]

[3-6] is RCTs, [7-16] is observational studies.

69/ 1/69ET-1 L1 /U0 [RALUSIPIWIOIG MMM//:d1Yy

69:€L ‘710 ABojoiydan DN [P 12 31X

8 Jo 7 abed



Xie et al. BVIC Nephrology 2012, 13:69
http://www.biomedcentral.com/1471-2369/13/69

Page 5 of 8

Table 2 The results of operation-related data and complications in observational studies

Laparoscope vs No. of studies P for Heterogeneity Effect model Pooled 95% Confidence P for Test for
open group estimate interval overall effect
operating times 4 < 0.00001 random 11.97 0.87 to 23.06 0.03
hospital stays 2 < 0.00001 random -0.68 -3.33t0 1.96 061
exit site and tunnel infection 6 0.79 fixed 0.76 045 to 1.28 030
peritonitis 6 0.23 fixed 0.74 048 to 1.15 0.18
dialysate leaks 10 033 fixed 1.00 0.56 to 1.80 0.99
catheter migration 3 0.06 fixed 0.56 0.20 to 1.62 0.29
pericannular bleeding 3 022 fixed 040 0.09 to 1.85 0.24
blockage 7 0.04 random 0.66 0.27 to 1.62 0.36
hernia 3 0.72 fixed 1.10 047 to 2.58 0.83
catheter migration (OR=0.55, 95% CI: 0.21,1.46; percutaneous puncture exhibited no superiority to open

p=0.23), late catheter migration (OR=1.11, 95% CIL:
0.41,3.03; p = 0.84), and overall infection (OR =0.61, 95%
CL: 0.32,1.17; p=0.14). The results showed that there
were no significant differences of early, late and overall
catheter migration between the two groups (Figure 4).

Discussion
In the present study, the results of the observational
studies were consistent with that of RCTs. Forest plots
showed that laparoscope prolonged the time necessary
to carry out catheter insertion in PD patients. The two
groups did not significantly differ in hospital stays, early
and late complications, including infection, dialysate
leaks, catheter migration, pericannular bleeding, block-
age, and hernia. The laparoscopic group had a lower in-
cidence of complications than that of the open group,
but the differences did not reach statistical significance.
A few articles about the two techniques had already
been published. Recently, John H. Crabtree made a re-
view about the use of the laparoscope for dialysis cath-
eter implantation, and provided us some suggestions
for catheter placement [23]. Later, Jwo SC conducted a
prospective randomized study for comparison of open
surgery with laparoscopic-assisted placement of
Tenckhoff peritoneal dialysis catheter and written a lit-
erature review, concluding that Laparoscopic assisted

surgery [3]. His point of view was consistent with ours.
So far, no meta-analysis had been made to compare the
two methods. Therefore we made a meta-analysis, in
order to make clinicians convenient to select the appro-
priate surgical approach. In our study, we included all
the studies mentioned in two the reviews above and
also searched other database, and analyze both RCTs
and observational studies, and we drew a relatively clear
conclusion that open surgery had the shorter operative
time but similar effect to laparoscope. Laparoscopy was
seemed not to reduce the incidence of catheter-related
complication rates. However, it could allow for the res-
cue of blocked catheters [8]. It allowed immediate start
dialysis without fluid leakage and permitted simultan-
eous performance of other laparoscopic procedures [4].
It provided the patient reduced perioperative discomfort
and earlier return to full mobility [14]. It also allowed
the diagnosis and treatment of the accompanying surgi-
cal pathologies during the same operation, such as
intra-abdominal adhesions or preformed inguinal her-
nias [11,12]. Compared to traditional peritoneal dialysis
catheter placement, laparoscopic catheter placement
has smaller scar, less pain, and quicker recovery. This
approach is safe, feasible, and completely visible. Dialy-
sis tube can be fixed under laparoscope, and the cath-
eter position is more precise. Laparoscopic catheter

Table 3 The results of operation-related data and complications in RCTs

Laparoscope vs No. of studies P for Heterogeneity Effect model Pooled estimate 95% Confidence P for Test for
open group interval overall effect
operating times 3 0.05 random 8.66 4.78 10 12.54 <0.0001
hospital stays 2 049 fixed 0.79 -0.04 to 1.63 0.06
infection 4 0.21 fixed 092 061 to 1.39 0.70
dialysate leaks 4 0.02 random 045 0.06 to 3.34 043
catheter migration 4 0.16 fixed 061 03210 1.17 0.14
pericannular bleeding 2 0.96 fixed 335 092 to 12.24 0.07
hernia 2 0.65 fixed 1.55 0.25 to 946 0.63
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Test for overall effect: Z = 0.39 (P = 0.70)
Test for subgroup differences: Not applicable

Figure 2 Subgroup analysis for infection of RCTs.

laparoscope  open surgery Odds Ratio Odds Ratio
r Even M-H, Fix
3.1.1 infection
Tsimoyiannis EC 2000 3 25 5 25  93% 0.55[0.12, 2.58]
Subtotal (95% CI) 25 25  9.3% 0.55[0.12, 2.58]
Total events 3 5
Helerogeneity: Not applicable
Test for overall effect: Z = 0.76 (P = 0.44)
3.1.2 early infection
Gadallah MF 1899 2 7% 9 72 19.0% 0.19[0.04, 0.91) =]
Wright MJ 1989 5 21 5 28 15% 1.19[0.29, 4.85] =1
Subtotal (95% CI) 97 96 26.5% 0.47 [0.18, 1.25) -
Total events 7 14
Heterogeneity: Chi¥ = 2.96, df = 1 (P = 0.09); I* = 66%
Test for overall effect: Z = 1.51 (P = 0.13)
3.1.3 late infection
Gadallah MF 1999 37 76 35 72 38.9% 1.00[0.53, 1.91]
Jwo SC 2010 16 37 1 40 12.7% 2.01[0.78, 5.20)
Wright MJ 1999 12 21 15 24 12.7% 0.80 [0.24, 2.64)
Subtotal (95% CI) 134 136 64.2% 1.16 [0.72, 1.88]
Total events 65 61
Heterogeneity: Chi* = 1.85,df = 2 (P = 0.40); I’ = 0%
Test for overall effect: Z = 0.61 (P = 0.55)
Total (95% CI) 256 257 100.0% 0.92 [0.61, 1.39]
Total events 75 80 : X , ,
Heterogeneity: Chi* = 7.17, df = 5 (P = 0.21); I’ = 30% IOO1 011 1 1'0 100'

Favours experimental Favours control

placement is also suitable for patients with a history of
abdominal surgery or with abdominal adhesions. Omen-
tum can be fixed and trimmed, and postoperative com-
plications may be reduced under laparoscopy. The above
advantages induced the interest of clinicians on the
laparoscopic approach. On the other hand, this ap-
proach has potential problems including advanced
technique, high cost, and relatively high anesthesia

risk. Weighing the pros and cons, which surgical ap-
proach to choose depends on the specific conditions
and clinicians.

The heterogeneity of some variables in this study is
worthy of comment. Explanations included the follow-
ing. The heterogeneity of the time for operation
depended on the skill and experience of surgeon and dif-
ferent operative methods. The heterogeneity of the

Heterogeneity: Tau® = 1,03; Chi¥ = 4,57, df = 2 (P = 0.10); P = 56%
Test for overall effect: Z = 0.59 (P = 0.55)

4.2.3 late dialysate leak

Heterogeneity: Tau® = 1.31; Ch¥ = 8.85, df = 4 (P = 0.06); P = 55%
Test for overall effect: Z = 1.11 (P = 0.27)
Test for subgroup differences: Not applicable

Figure 3 Subgroup analysis for dialysate leak of RCTs.

Jwio SC 2010 1 37 1 40 14.9%
Wright MJ 1999 0 21 0 24
Subtotal (95% ClI) 58 64  14.9%
Tolal events 1 1

Heterogeneity: Not applicable

Test for overall effect: Z = 0.06 (P = 0.96)

Total (95% CI) 217 225 100.0%
Tolal events " 25

laparoscope  open surgery Odds Ratio Odds Ratio
4.2.1 dialysate leak
Tsimoyiannis EC 2000 0 25 8 25 14.2% 0.04(0.00,075) &=
Subtotal (95% CI) 25 25 142% 0.04 [0.00, 0.75)
Total events 0 8
Hi geneity: Not applicabl
Test for overall effect: Z = 2,16 (P = 0.03)
4.2.2 early dialysate leak
Gadallah MF 1999 1 76 8 72 203% 011[0.01,088) —
Jwio SC 2010 7 37 6 40 29.7% 1.32[0.40, 4.37) %
Wright MJ 1999 2 21 2 24 208% 1.16 (0.15, 9.03)
Subtotal (95% CI) 134 136  70.9% 0.63 [0.14, 2.91)
Total events 10 16

1.08 (0.07, 17.97) ——
Not estimable
1.08 [0.07, 17.97) e B——
0.46 [0.11, 1.83] ﬂ»
001 0.1 1 10 100

Favours experimental Favours control
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Test for overall effect: Z = 1.48 (P = 0.14)
Test for subgroup differences: Not applicable

Figure 4 Subgroup analysis for catheter migration of RCTs.

laparoscope open surgery Odds Ratio 0Odds Ratio
udy or Subgro! Events Total Even Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
5.1.1 catheter migration
Tsimoyiannis EC 2000 0 25 5 25 225% 0.07(0.00,1.40) &8 —— |
Subtotal (95% Cl) 25 25 225%  0.07(0.00,1.40) EE-————
Total events 0 5
Helercgeneity: Not applicable
Teslt for overall effect: Z = 1.74 (P = 0.08)
5.1.2 carly catheter migration
Gadallah MF 1999 6 76 6 72 23.7% 0.94 (0.29,3.07] . SR
Jwo SC 2010 1 37 6 40 23.5% 0.16(0.02,1.38) — ®*
Wright MJ 1999 0 21 0 24 Not estimable
Subtotal (95% CI) 134 136 47.2%  0.55[0.21, 1.46] e
Total events 7 12
Heterogeneity: Chi¥ = 2.08, df = 1 (P = 0.15); I* = 62%
Test for overall effect: Z = 1.20 (P = 0.23)
5.1.3 late catheter migration
Gadallah MF 1999 0 76 0 72 Not estimable
Jwo SC 2010 6 37 8 40 26.9% 0.77 [0.24, 2.49) .
Wright MJ 1999 3 21 1 24  33%  3.83(0.37,40.02 | I
Subtotal (95% CI) 134 136  30.3% 1.11[ [0.41, 3.03]] e
Total events 9 9
Helercgeneity: Chi* = 1.44, df = 1 (P = 0.23); I’ = 30%
Tesl for overall effect: Z = 0.21 (P = 0.84)
Total (95% CI) 293 297 100.0% 0.61[0.32, 1.17] -
Total events 16 26 - ‘ . :
e Chi? = - . - 12 = 399 + + + +
Heterogeneity: Chi* = 6.51, df = 4 (P = 0.16); I’ = 38% 0.05 02 1 5 20

Favours experimental Favours control

length of stay at hospital might caused by different stan-
dards for discharge at different hospitals. The heterogen-
eity of the dialysate leaks, and blockage might due to the
operations by different surgeons, the different study
designs, catheter types, and operation techniques. What
is more, patients in one of the observational study were
children [12], and it would affect the stability of results.
In order to reduce the heterogeneity, we conducted a
further research, and made subgroup analysis, but got
the same conclusion. Moreover, Crabtree et al. divided
laparoscopic catheterization into basic laparoscopy and
advanced laparoscopy. The complications in Crabtree
showed that mechanical flow obstruction was 1 in 200
implantation procedures in the advanced group, which
was significantly less than that in the open dissection
and basic laparoscopic groups [10]. So we classified the
complications in basic laparoscopy and advanced lapar-
oscopy and made subgroup analysis. The random-effects
statistical model revealed significant heterogeneity. The
results also showed that laparoscopy did not reduce
complications.

Patients in the two groups were given antibiotic pro-
phylaxsis in most of the studies [3,5-8,10-12]. Postopera-
tive antibiotics were not prescribed only in one study
[13]. Use of prophylactic antibiotics before catheterization
was found to be effective in reducing procedure-related
peritonitis [24]. Strippoli et al. stated that the use of peri-
operative intravenous antibiotics, compared to no treat-
ment, significantly reduced the risk of early peritonitis
[25]. The routine use of vancomycin for prophylaxis

before catheterization is not recommended because of the
emergence of vancomycin-resistant enterococci [26].
Other antibiotics, such as a cephalosporin, should be the
first choice.

This study has several limitations. First, in observa-
tional studies, the proportion of patients who had previ-
ous abdominal surgery in laparoscopic group was larger
than that of open group. More patients had chosen
laparoscopy in observational studies [7,8,10,11,15], be-
cause laparoscopy offered the advantage of entrance to
abdominal cavity under direct visualization, and it was
superior to open surgery for patients with a history of
abdominal surgery. This would have impact on the out-
comes. Moreover, as mentioned in the studies, the tech-
nique and condition of performance were of wide
variability. The inevitable consequence of these practice
traits was that there were almost as many laparoscopic
techniques for placing catheters as there were surgeons
performing them [3]. In addition, the small number of
participants, as well as the low quality of the studies,
might not allow a reliable conclusion. All these factors
can produce high selection bias, performance bias and
measuring bias. Therefore, the studies in this review are
limited, further trials of large-scale, high-quality RCTs
are needed to find potential advantages or disadvantages.

Conclusions

Open surgery needs a shorter operative time and sim-
pler equipment requirement but has a similar effect to
laparoscope. Therefore, the present study shows that
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laparoscopic catheter placement has no superiority to
open surgery. But it is only a short-term outcome, fur-
ther trials that focus on long-term outcomes are
needed. The technology of laparoscopic catheter place-
ment has been developping rapidly at present. Laparo-
scopic catheter placement can be done by the single-
hole under local anesthesia now, with smaller scar and
risk. In the future, advanced laparoscopy using more
sophisticated procedures may reduce complications in
catheterization.
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