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Background: Omental wrapping is a common cause for catheter failure in children on peritoneal dialysis (PD).
Previous studies are conflicting in the benefits of omentectomy.
Methods: We conducted a retrospective study comparing children who underwent PD catheter placement by a
standardized laparoscopic three-in-one technique (lap3-in-1) from 2013 to 2018 versus a historical control co-
hort by open surgery without omentectomy. Lap3-in-1technique combined catheter placement with well-
defined indication and extent of omentectomy, and closure of any patent processus vaginalis (PPV).
Results: Therewere 33 and 32 children in the lap3-in-1 and control cohorts respectively. 4/33(12.1%) in lap3-in-1
had reoperations for catheter failures which equated 1 reoperation per 144 catheter months. No reoperations
were performed in lap3-in-1 cohort for omental wrapping or inguinal hernia, compared with 13/32 (41%;
p b 0.001) and 5/32 (16%; p= 0.02) in the control cohort. KaplanMeier survival curves showed significantly lon-

ger catheter life in the lap3-in-1 cohort (p b 0.001). In multivariate analysis by the COX proportional hazards
model, the lap3-in-1 approach had significantly reduced risk of reoperation for catheter failure (HR 0.11; 95%
CI: 0.04–0.31; p b 0.001).
Conclusions: The lap3-in-1 technique is effective in selecting those children who would benefit from
omentectomy, and avoiding a second operation for inguinal hernia which develops after PD.
Level of evidence: Treatment study, level III

© 2019 Elsevier Inc. All rights reserved.
Peritoneal dialysis (PD) is the preferred option for children requiring
renal replacement therapy, and can be applied in hemodynamically un-
stable patients across all age groups. PD does not require vascular access
and anticoagulation [1]. In contrast to acute renal failure, children with
chronic renal failure are in general dependent on PD for a longer period
to be bridged to the definitive treatment by renal transplant. While the
operative procedure for the placement of PD catheter is not technically
demanding, 39–49% reoperation rates owing to catheter failurewere re-
ported in the published literature [2–4]. PD catheter malfunction and
catheter-related infective complications are the two most common
causes of catheter failure resulting in reoperation [2–5].
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Catheter wrapping by omentum is a common reason for PD catheter
malfunction. It is unlikely for the omental wrap to resolve with conser-
vative management [6]. Previous studies have investigated the perfor-
mance of omentectomy at the time of PD catheter placement to
reduce the incidence of catheter malfunction, and conflicting results
were reported in the literature [2–5,7,8]. A lack of standardization
concerning the indication and technique of omentectomy limits the
strengths of the evidence in the existing literature [3]. There is no con-
sensus as towhat extent omentectomy is considered to be adequate. Re-
peating omentectomy has been reported for recurrent omental
wrapping [3,5].

Another complication requiring a second operation is the inguinal
hernia development after the commencement of PD [2,8]. It happens
following the increased intraabdominal pressure by the dialysate in
the presence of a patent processus vaginalis (PPV), which has been
asymptomatic and has not been known before PD. To address the high
reoperation rate related to PD catheter, we introduced in 2013 a stan-
dardized protocol of laparoscopic placement of PD catheter, coupled
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with a well-defined indication for omentectomy and its extent, as well
as closure of PPV when present. In this study we sought to investigate
the outcomes of this laparoscopic three-in-one (lap3-in-1) approach.

1. Methods

1.1. Patient selection: lap3-in-1 cohort

We performed a retrospective review of the medical records of all
consecutive children aged less than 18 years suffering from chronic
renal failure who underwent PD catheter placement by the lap3-in-1
approach during the study period of May 2013 to Nov 2018. Study sub-
jects included patients who had PD catheter placement for their first
time and others who had undergone PD catheter placement previously
by other surgical methods. We excluded those patients who had a pre-
vious history of omentectomy or inguinal hernia repair prior to the
lap3-in-1 PD catheter placement. The lap3-in-1 PD catheter placement
was performed by a group of 3 pediatric surgeons while the PD was
managed by a single pediatric nephrology group.

1.2. Control cohort

For comparison in this study, a historical control cohort was identi-
fied, which included consecutive new patients aged less than 18 years
whowere referred to the same pediatric nephrology group for theman-
agement of PD from 2008 to 2014. Patients in the control cohort had
their first PD catheter placement by open surgery without
omentectomy at outside institutions by another group of surgeons.
The operative records were available for review. Only the data of the
first PD catheter placement were included for comparative analysis.
None of the patients in the control cohort had prior surgery for inguinal
hernia. The same type of double-cuffed straight Tenckhoff catheterswas
used in both the lap3-in-1 and control cohort. The catheters were pro-
vided by the single pediatric nephrology group.

1.3. Surgical techniques: PD catheter placement, indication and extent of
omentectomy, PPV closure

The procedure started with diagnostic laparoscopy by a 5-mm tele-
scope at the umbilical port. Any PPVs, unilateral or bilateral, were closed
laparoscopically using the hook technique, which we reported previ-
ously [9] and has been our standard technique for pediatric inguinal
hernia repair for over a decade. Two stab incisions were made at the
midline of the lower abdomen and over the deep ring region for the
trocarless passage of 3-mm graspers and the hernia hook, respectively.
The hernia hook dissected around the deep inguinal ring to place the su-
ture that encircled the deep ring extraperitoneally. The suture included
the round ligament in girls while remaining superficial to testicular ves-
sels and vas deferens in boys. The suture was tied extracorporeally to
close the PPV.

Any omentum that extended below umbilicus was removed
laparoscopically. When omentectomy was indicated, one or two addi-
tional 5-mm ports were placed at the right iliac fossa. Only one 5-mm
port might sometimes be enough if a trocarless 3-mm grasper had al-
ready been placed for PPV closure. A 5-mm ultrasonic energy source
was used to excise all omental tissues that extended below the umbili-
cus. The telescope was moved to the right iliac fossa port during
omentectomy. Thin omentum was retrieved through the umbilical
port site. Thick omentum was placed in an endobag delivered through
a 10-mm port, which was upsized from the 5-mm umbilical port. The
omentum contained in the endobag was then removed in piecemeal
at the umbilical port site while avoiding excessive enlargement of the
fascial defect.

A straight double-cuffed Tenckhoff catheter was inserted through
the umbilical port site with double purse-string sutures placed around
its entry at the peritoneum and fascial defect to avoid leakage. One of
the suture ends of the purse-string got around and tied onto the cuff
to prevent the creation of abnormal torque at the cuff, which might
shift the catheter tip upward and out of the pelvis. The distal tip of the
catheter was placed behind the urinary bladder by graspers under lapa-
roscopic guidance. A subcutaneous tunnel was created and the catheter
exited laterally at the right upper quadrant. (Fig. 1).

1.4. Data collection and primary outcomes

Data collected included patients' demographics of gender and age at
the time of surgery, surgical approach, intraoperative complications,
postoperative catheter-related complications, reoperations, catheter
life and inguinal hernia development after PD commencement. Primary
outcomes evaluated were reoperation for catheter failure and inguinal
hernia after PD. Reasons for catheter failure were defined by the indica-
tions for reoperation. In case cathetermalfunctionwas the indication for
reoperation, the cause ofmalfunctionwasdefinedby the operative find-
ings during the reoperation. Reoperation included both catheter re-
placement surgery and salvage surgery without removing the
catheter. Catheter life was defined by the time interval from catheter
placement to i) reoperation for catheter failure, or ii) removal for com-
pletion of PD, or iii) the latest follow-up if the catheter was still in use.

1.5. Statistical analysis

Categorical data were reported in percentage as frequency. Non-
parametric continuous data were reported as median with range. The
two cohorts were compared in the univariate analysis by chi-square
and Fisher's exact test for categorical data, and by Mann Whitney test
for continuous data. Kaplan Meier survival curve was used to analyze
the catheter life with the time to event defined by the time interval
from catheter placement to reoperation for catheter failure. Catheter re-
moval owing to completion of PD treatment after renal transplant or
switching to hemodialysis and those PD catheters remaining in use at
the time of data collection were considered to be censored data. The
catheter survival curves of the two cohorts were compared in a univar-
iate analysis by log-rank test. The COX proportional hazards model was
used inmultivariate analysis to investigate the independent effect of po-
tential variables in association with reoperation for catheter failure.
Hazard ratio (HR) was reported with 95% confidence intervals (95%
CI). P-values less than 0.05 were considered to be significant.

The study protocol was approved by the clinical research ethical
committee of our institution.
2. Results

There were 33 and 32 children in the lap3-in-1 and control cohorts,
respectively. There was no difference between the two cohorts in gen-
der (p = 0.91) and median age at the time of surgery (p = 0.90). 24/
33 of the lap3-in-1 cohort had their first PD catheter placement while
9 others had a prior history of PD catheter placement without
omentectomy by other surgical techniques. All 32 children in the con-
trol cohort had their first PD catheter placement by open surgery with-
out omentectomy.

24/33(73%) in the lap3-in-1 cohort underwent laparoscopic
omentectomy according to the indication of the protocol, and 14/33
(42%) had either unilateral or bilateral PPV closure (unilateral = 8;
bilateral= 6). Therewas no conversion to open surgery and no intraop-
erative complications in the lap3-in-1 cohort.

Thirty-three patients of the lap3-in-1 cohort had a total of 577
catheter-months. Twelve (36.4%) were bridged to completion of PD by
renal transplant after single catheter placement by lap3-in-1 technique,
1 (3%) switched to hemodialysis, 16 (48.5%) still had ongoing PD with
their catheters functioning normally at the time of data collection, 4



Fig. 1. At the end of the lap3-in-1 procedure of PD catheter placement, omentectomy and bilateral PPV closure. A= umbilical port site and entry site of PD catheter into peritoneal cavity.
B = stab wound for trocarless insertion of 3-mm graspers. C = bilateral stab wounds for passage of hernia hook. D = additional 5-mm working port site.
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(12.1%) had reoperations for catheter failures, which equaled 1 reoper-
ation per 144 catheter-months.

Table 1 showed the comparisons of the two cohorts. The median
catheter life of the lap3-in-1 was significantly longer than that of the
control cohort (p b 0.001). The overall reoperation rate for catheter fail-
ure in the lap3-in-1 cohort was significantly lower than that of control
(p b 0.001). Of the 4 patients in lap3-in-1 cohort requiring reoperation,
2 had catheter tip migration and the other 2 had refractory infective
complications. No patients in the lap3-in-1 cohort had omental block-
age compared with 13/32 (41%) in the control cohort who had omental
wrapping confirmed during reoperations (p b 0.001).

Therewas no difference between the two cohorts in the incidence of
catheter tip migration (p = 0.37) and in the crude incidence rates of
catheter-related infective complications (p = 0.48).

None of the patients in the lap3-in-1 cohort developed inguinal her-
nia compared with 5/32(16%) in the control cohort (p= 0.02). These 5
patients underwent a second operation of inguinal herniotomy at 2 to
24 months after the commencement of PD.

The KaplanMeier survival curves showed significantly longer cathe-
ter life in the lap3-in-1 than the control cohort (p b 0.001) (Fig. 2). In a
multivariate analysis by the COXproportional hazardsmodel, covariates
entered into themodel included gender, age, surgical approach and the
crude incidence of infective complications. After adjusting for other po-
tential variables, the lap3-in-1 approach was significantly associated
with a reduced risk of reoperation for catheter failure (HR 0.11; 95%
CI: 0.04–0.31; p b 0.001).
3. Discussion

Our findings suggest that the lap3-in-1 technique reduces the risk of
catheter failure, thus prolonging the PD catheter life. Such an advantage
is particularly relevant to childrenwith chronic renal failurewhoare de-
pendent on renal replacement therapy until they are bridged to renal
transplant, which may take years. In a previous study on 81 children
on PD for chronic renal failure, Cribbs et al. noted that 32% of patients
had 2–5 catheter placementswithin a 6-year study period [5]. Our result
of 1 reoperation for catheter failure per 144 catheter-months by lap3-
in-1 technique compares favorably with previous reports of 1 reopera-
tion per 34 and 41 catheter-months [2,4].

Image of Fig. 1


Table 1
Univariate comparison between the lap3-in-1 cohort and control cohort.

lap3-in-1
N = 33(%)

Control
N = 32(%)

p-values

Gender: male/female 18/15 17/15 0.91
Median age at the time of surgery (years) 10

range 1–17 years
10.5
range 1 month–17 years

0.81

Omentectomy at PD catheter placement 24/33(72.7) 0/32 NA
PPV closure at PD catheter placement 14/33(42.4)

Left = 5; Right = 3; Bilateral = 6
0/32 NA

Overall reoperation rates owing to catheter failure 4/33(12.1) 23/32(71.9) b0.001
I) Omental block 0/33 13/32(40.6) b0.001
II) Catheter tip displacement 2/33(6.1) 4/32(12.5) 0.37
III) Refractory tunnel infection/peritonitis 2/33(6.1) 6/32(18.8) 0.12

Median catheter life (months) 15
range 1–44 months

4
range 1 week to 84 months

b0.001

Inguinal hernia after PD 0/33 5/32(15.6) 0.02
Crude incidence rates of infective complications 12/33(36.4) 9/32(28.1) 0.48

PD = peritoneal dialysis; PPV = patent processus vaginalis; NA = not applicable as no omentectomy/PPV closure being the inclusion criteria of the control.
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Catheter obstruction by omental wrapping is a common reason for
catheter failure, and recent literature has reported catheter obstruction
rates of 26 to 36% [3,6,10]. Performing omentectomy at the time of PD
catheter placement has been suggested by some investigators [2,3,5,8]
but not the others [4,7,11]. Current evidence in published literature is
short of the strength tomake recommendations [10]. A lack of standard-
ization concerning the indication and technical thoroughness of
omentectomy divided opinions within the same institution, leading to
inconsistent decisions among the surgeons; these were all limitations
described in previous studies [2,3,5].

Omentectomy is usually described as partial, whether it is
performed in open surgery [7,10] or by laparoscopywhen the omentum
is exteriorized through a port site for extracorporeal resection [4,12,13].
Recurrent omental wrapping requiring repeat omentectomy has been
well-recognized after partial omentectomy [3,5,11]. There is no univer-
sally agreed definition of “complete” or “adequate” omentectomy.
Cum = cumulative 

P<0.0

lap3-in-1 

Fig. 2. Kaplan Meier survival curves comparing catheter life of l
Our study is unique among others of its kind given that we investi-
gated a standardized technique of performing laparoscopic
omentectomywith awell-defined indication.We remove anyomentum
that extends below the umbilicus totally by laparoscopic means to en-
sure its thoroughness. The omentum has both vertical and transverse
dimensions. While completeness of omentectomy may possibly be de-
fined along the transverse axis of omentum, leaving behind a short
safety margin of omental tissue at its vertical axis is necessary to avoid
thermal injury that can be caused by the laparoscopic energy source
to the transverse colon and the gastroepiploic arcade along the stomach
greater curvature. The lap3-in-1 approach makes sense in the extent of
omentectomy as the catheter is inserted at the umbilical level.

We remain adamant that thick redundant omentum should be
placed in an endobag before retrieval to prevent leaving in the perito-
neal cavity any broken fragments that may block the catheter. Another
advantage of using the endobag is the feasibility of removing the fatty
01 by log rank test 

control 

ap3-in-1 cohort versus control cohort. Cum = cumulative.

Image of Fig. 2
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tissue in piecemeal so that the fascial defect does not need to be en-
larged excessively to reduce the risk of dialysate fluid leak and incisional
hernia. Using the lap3-in-1 protocol, 73% of our patients required
omentectomy. None of our patients, whether they had omentectomy
or not, developed catheter failure by omental wrapping.

In this study we compared our lap3-in-1 technique with a historical
cohort by open surgery without omentectomy. Our findings should not
be oversimplified or misinterpreted as evidence of the superiority of
laparoscopy over open surgery in PD catheter placement. Without
clearly defining when and how omentectomy should be performed,
we tend to agree with others that laparoscopic PD catheter placement
itself may not have any advantage over open surgery in reducing cath-
eter failure rates [2,5,8]. One of the merits of laparoscopy is its excellent
visualization of the whole omentum inside the abdomen, which makes
the standardization possiblewith respect to the indication and extent of
omentectomy. Attempting such standardization would be difficult if
only a part of the omentum is delivered through an open wound or a
port site. By standardizing the indication for selective omentectomy
and its extent, the reoperation rate for catheter failure after the lap3-
in-1 technique was 12.1%. Our result compares favorably with previous
studies which reported 15–19% reoperation rates after performing non-
standardized omentectomy routinely [3,5,10].

Of the 2 patients in the lap3-in-1 cohort who required reoperation
owing to catheter tip migration, we noted abnormal torque at the cuff
above the fascial defect during the reoperation. We subsequently mod-
ified the technique by having the pursestring suture tied around the dis-
tal cuff to stabilize it above the fascia. We have not encountered any
catheter tip upward migration since then.

Asymptomatic PPV was detected in 42% of the patients in the lap3-
in-1 cohort. The prevalence rate appears to be comparable to that of
the asymptomatic contralateral PPV amongour local childrenwhopres-
ent with unilateral inguinal hernias [14]. Our finding that 16% of the pa-
tients in the control cohort developed symptomatic inguinal hernia
within 2 years after PD commencement is in agreement with previous
reports [2,8]. A more serious complication of PD catheter tip being mi-
grated into an inguinal hernia sac of a child has recently been reported
[15].

Not all asymptomatic PPVswill develop into a symptomatic inguinal
hernia, but an increase in intraabdominal pressure such as PD can be a
predisposing factor. It was estimated in a recent study that 21 asymp-
tomatic PPVs need to be closed prophylactically to prevent the occur-
rence of one metachronous inguinal hernia in those children who
present with unilateral inguinal hernia [16] This is in contrast to the
present study that asymptomatic PPV was detected in 42% children in
the lap3-in-1 cohort while 16% in the control cohort developed inguinal
hernia after PD. Based on these findings, prophylactic closure of asymp-
tomatic PPVs in 3 pediatric patients who need PD may avoid a second
surgery in 1 patient for inguinal hernia development after PD. Our find-
ings, however, need to be interpretedwith caution given the small sam-
ple size. Nevertheless, the present study provides further support to the
hypothesis that increased intraabdominal pressure by the dialysate
would increase the incidence of turning an asymptomatic PPV to a
symptomatic inguinal hernia.

It is difficult to predict which PPV will and which will not develop
into symptomatic inguinal hernia after PD based on the laparoscopic
appearance. It remains our current practice to close all PPVs prophy-
lactically at the time of PD catheter placement provided that in-
formed consent is obtained from parents who understand and
accept the small risk. Dreuning et al. in the recent meta-analysis
did not identify any reports on testicular atrophy or injury to vas
deferens in the laparoscopic groups of previous randomized con-
trolled trials comparing laparoscopic versus open inguinal hernia re-
pair in children [17]. Using a national database of 75,486 pediatric
patients who underwent inguinal hernia repair by either laparo-
scopic or open method, Fujiogi et al. reported a 0.3% complication
rate associated with laparoscopic repair [18]. The authors found
that overall only 1 and 6 patients had injury to ovary and vas
deferens, respectively [18].

We acknowledge the limitations intrinsic to the retrospective nature
of our study in a single institution. Therewas no randomization. The pa-
tients of the control cohort underwent catheter placement at outside in-
stitutions where the operating surgeons might vary in their experience
and techniques even though all theprocedureswere open surgerywith-
out omentectomy. The collinearity effect of laparoscopy and selective
omentectomy of the lap3-in-1 cohort do not allow our study to sepa-
rately compare laparoscopy versus open, or omentectomy versus no
omentectomy. The nature of the control cohortmakes difficult interpre-
tation of our results for any possible advantages of the lap3-in-1 tech-
nique over the common practice of performing partial omentectomy
routinely during PD catheter placement. Generalizability of our tech-
niquemay be restricted to those who adopt laparoscopic hernia repairs
in their usual practice.

The lap3-in-1 technique combines PD catheter placement,
omentectomy and PPV closure into a single laparoscopic surgery,
whichpromotes catheter longevity. The approach allows accurate selec-
tion of patients who would benefit from omentectomy, ascertains the
thoroughness of omentectomy when indicated, and prevents subse-
quent development of an inguinal hernia.
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