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Introduction

Peritoneal dialysis (PD) as a treatment for patients with end-stage renal disease (ESRD) provides a competitive alternative to hemodialysis (HD).
Long-term catheter survival remains challenging and techniques are not standardized. Advanced laparoscopic placement with fixation and
omentectomy might increase catheter survival. The goal of our study was to evaluate if selective infracolic omentectomy and fixation reduced
complications after CAPD catheter placement.

Materials and Methods

A prospective database of patients with CAPD catheter placement from March 2004 to March 2015 was analyzed. All procedures were performed
laparoscopically assisted and under general anesthesia by a single surgeon. 78 patients were included, there were no exclusion criteria. Statistical
analysis was performed with SPSS. Fisher exact test and log-rank test with calculation of P-value was executed. P-value of <0.05 was considered
significant.

Results

Of the 78 patients who underwent catheter placement, 53 (68%) were males and 25 (32%) were females. The mean age was 54 (ranged from 13
to 88 years). Selective infracolic omentectomy was performed in 32 patients if the momentum reached beyond the promontory. Non-resorbable
sutures to fix the catheter were applied in 33 patients. The average duration of peritoneal dialysis was 21 months (range from ten days to 84
months). Omentectomy significantly reduced the incidence of catheter obstruction (3 vs. 11%, P=0.028) but not of catheter dislocation (19 vs.
30%, P=0.101). Omentectomy did not significantly increase the incidence of peritonitis (22 vs. 31%,P=0.133) or exit-site infection (16vs 17%,
P=0.238).

Catheter fixation with non-resorbable sutures reduced catheter dislocation (21 vs. 23%, P=0.226) and catheter obstruction( 12 vs.17%,P=0.223)
with a significant reduction of peritonitis (15 vs. 29%, P=0.044) and no effect on exit-site infection (15 vs. 17%,P=0.251).

Conclusion

Laparoscopic PD catheter placement with selective omentectomy and fixation of the catheter to the abdominal wall is safe and feasible and leads
to fewer complications.
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INTRODUCTION

Peritoneal dialysis (PD) as a treatment for patients with end-stage renal
disease (ESRD) provides a competitive alternative to hemodialysis (HD).
PD has shown a higher two-year survival rate (20-48%) compared to HD
and lower overall healthcare costs.' Berger et al found that in a series of
400 US patients median healthcare costs over a 12-month follow-up pe-
riod were $43,510 higher. ($173,507 vs. $129,997) for HD patients vs. PD
patients.” Fewer hospital visits provide better patient mobility and inde-
pendence and thereby a higher patient satisfaction.” Furthermore, PD
patients have better preservation of residual kidney function and lower
rates of hypertension.*> Peritoneal dialysis (PD) is currently considered
the preferred treatment for patients with congestive heart failure, vascular
access failure and as a short time bridging therapy to kidney transplanta-
tion.®

The long-term durability of peritoneal dialysis is determined
by a solid and functional peritoneal access. Complication-free access de-
pends largely upon a meticulous catheter placement technique and rig-
orous attention to detail at the time of implantation.” The International
Society for Peritoneal Dialysis (ISPD) recommends that each PD center
should, therefore, have a specialized team dedicated to the care of PD pa-
tients with an experienced surgeon who audits his data on a regular basis.
If a catheter is placed through a laparoscopic approach, this should be
a procedure under general anesthesia with perioperative management of
adhesions and hernias.® Since the advent of laparoscopy numerous im-
plantation techniques have been described with variable outcomes. They
are referred to as advanced laparoscopic techniques and consist of adhe-
siolysis, suture fixation, omentopexy and omentectomy, and rectus sheath
tunneling as part of a laparoscopic placement procedure.”' The Society of
American Gastrointestinal and Endoscopic Surgeons (SAGES) committee
recently wrote a recommendation to evaluate these different techniques.
The Society encourages a laparoscopic approach with adhesiolysis, rectus
sheath tunneling, and omentopexy as the golden standard technique. Ac-
cording to their guideline, this procedure offers the lowest rate of postop-
erative PD catheter dysfunction and should be the preferred implantation
technique in adults.!

Ten percent of PD catheters show primary non-function.'? Sev-
eral factors may be responsible for malfunction, including catheter mal-
position or migration, intraluminal (by fibrin strands or blood clots) and
extraluminal (by omental wrapping or adhesions) obstruction. Primary
non-function is one of the most leading causes of PD catheter removal.

In an attempt to improve catheter survival some authors have
advocated performing omentectomy/omentopexy to prevent omental
wrapping and catheter blockage. However, controversies about when and
how to perform these procedures still remain. A golden-standard tech-
nique to prevent catheter blockage/malposition, peritonitis, exit-site in-
fection and improve long-term successful access and durability are still
under investigation. Generally, the use of prophylactic omentectomy in
peritoneal catheter placement remains at the discretion of the surgeon.
Nicholson proved in his series of 235 patients with open catheter place-
ment that omentectomy had a better catheter survival over a two-year
interval (78 vs. 50%, P=0.0002) and advised routine omentectomy."’> Un-
fortunately, most studies describe only small patient series, are not ran-

domized, have multiple surgeons and lots of biases.'***

If the rates of major catheter complications and peritonitis were
reduced, more patients could start PD and furthermore continue PD ther-
apy for a longer period. To achieve these lower rates, evaluation of the
implantation technique is imperative. Our objective was to evaluate the

impact of laparoscopic catheter fixation and omentectomy on the in-
cidence of catheter obstruction, dislocation, peritonitis and exit site
infection in PD patients.

MATERIALS AND METHODS

An analysis of a prospective database of all patients who underwent
laparoscopic catheter placement from March 2004 to March 2015
was executed. All procedures were performed laparoscopically and
under general anesthesia. 78 patients were included. There were no
exclusion criteria, none of the PD catheters was placed in an urgent
setting. We defined if patients underwent catheter fixation or omen-
tectomy. Medical records were analyzed for complications.

Catheter dislocation was confirmed with abdominal X-ray
and first managed conservatively with laxatives or enema. Exit-site
infections were diagnosed if signs of redness and purulent discharge
were present. Tunnel infection was described as induration or red-
ness over the subcutaneous course of the catheter associated with
tenderness, pain or abscess formation. Peritonitis was defined as
clinical complaints of abdominal pain, cloudy dialysate, and leuko-
cyte count greater than 100 cells/ul with more than 50% polymor-
phonuclear cells.

Surgical Technique

Catheter placement is done, under general anesthesia, laparoscopi-
cally. We use the Swan Neck Missouri double-cuffed peritoneal di-
alysis catheter (Covidien®). Prior to insufflation the insertion point
of the catheter is measured, usually 4cm under and paramedian left
from the umbilicus.

A 15 mmHg pneumoperitoneum is installed in the left
subcostal region, through a Veress needle. A 5 mm trocar placed in
the same region allows us to place 1 or 2 extra 5 mm trocars in the left
flank/fossa. The abdominal cavity is inspected for adhesions, hernias
and the length of the omentum is estimated. Adhesions are carefully
taken down using electrocautery. Incidental herniae are fixed. If the
omentum reaches the pelvis (beyond the promontory) an infracolic
omentectomy is performed using the Ultracision harmonic scalpel
(Ethicon®). The omentum is extracted through the trocar incision in
the left iliac fossa.

Subsequently the incision for the placement of the catheter
is made; after incision of skin and subcutaneous fat, the anterior rec-
tus sheath is incised horizontally. Rectus muscle fibers are split, and a
purse string (Mersutures 0, Ethicon®) is placed on the posterior rec-
tus sheath. A small opening is created in the posterior rectus sheath
and peritoneum, and the catheter is introduced under direct lapa-
roscopic vision. The purse string is tightened between the Dacron
patch (extra-peritoneally) and the silicone bead (intraperitoneally).
The anterior rectus sheet is closed using an interrupted suture (Vicryl
0, Ethicon®). The catheter is tunneled , and extracted in the left fossa,
putting the second Dacron patch in the subcutis.

Laparoscopically the catheter is fixed to the peritoneum of
the abdominal wall below the umbilicus using a resorbable (Vicryl
2-0, PDS 2-0 Ethicon®) suture, now using a non resorbable suture
(Ticron 3/0 Ethicon®). The catheter is placed in the Douglas pouch.
In-and outflow are tested twice by filling and emptying the abdomi-
nal cavity with 21 of fluid. Trocars are extracted under direct vision.
All fascial defects > 1cm are closed to prevent hernia formation. Skin
is closed with intradermal sutures.

Statistical Analysis
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Statistical analysis was performed with SPSS. Fisher-exact test was per-
formed with calcution of P-value. P-value of <0.05 was considered signifi-
cant. Kaplan-Meier curves were plotted and logrank- test was performed
with the calculation of P-value.

RESULTS

Of the 78 patients who underwent catheter placement, 53 (68%) were
males and 25 (32%) were females. The mean age was 54 (ranged from
13 to 88 years). 17 patients had previous abdominal surgery: six a lapa-
roscopic appendectomy, two a Hartmann resection, two a hysterectomy,
two a laparoscopic colectomy, two a laparoscopic cholecystectomy, one a
splenectomy, one an ovariectomy and one a nefro-ureterectomy.

There was a statistically significant difference in the incidence of
previous surgery between the omentectomy and non-omentectomy group
(56 vs.23%, P<0.001).

Infracolic omentectomy was performed in 32 patients. Fixation
of the catheter was performed in 43 patients, 10 catheters were fixed with
resorbable sutures, 33 catheters were fixed with non-resorbable sutures.

Obstruction was recorded in ten patients (11%). Four obstruc-
tions were managed conservatively, unfortunately six patients needed re-
visional surgery for obstruction. All patients with an omentectomy could
be managed conservatively for catheter obstruction. Dislocation of the
catheter was recorded in twenty patients (26%). Six patients were man-
aged conservatively, fourteen needed revisional surgery.

In total twenty patients (26%) had revisional surgery of the
catheter for dislocation and obstruction of the catheter, seven of the cath-
eters were removed at the time of revision.

There was a significant impact of omentectomy on the num-
ber of catheter obstructions (omentectomy vs. non-omentectomy; 3 vs.
11%, P=0.028), but not on the number of dislocations (omentectomy vs.
non-omentectomy; 19 vs. 30%, P=0.101). Fixation with non-resorbable
sutures did not reduce the incidence of catheter dislocation (fixation vs.
no fixation; 21 vs 23%, P=0.226) or obstruction (fixation vs. no fixation
;12 vs.17%, P=0.223). However, there was a significant reduction in the
incidence of peritonitis (fixation vs. no fixation; 15 vs. 29%, P=0.044)
and a reduction of exit-site infections (fixation vs. no fixation; 15 vs 17%,
P=0.251) when catheters were fixed with non-resorbable sutures. Leakage
was recorded in three patients (3%), all patients had undergone omentec-
tomy, two fixations with non-resorbable sutures. All leakages were man-
aged conservatively. Omentectomy was correlated to a higher chance of
peritoneal leakage (9 vs. 0%, P=0.065).

Overall incidence of peritonitis was 26% (20 patients). We re-
corded an overall peritonitis rate of 1 per 40 patient months. Omentec-
tomy did not significantly influence the incidence of peritonitis (omen-
tectomy vs non-omentectomy; 22 vs. 31%, P=0.431) or exit-site infection
(omentectomy vs. non-omentectomy ; 16 vs. 17%, P=1.0).

Hernias were diagnosed and treated in twelve patients during
follow-up: three inguinal hernias (two bilateral), five umbilical hernias
(two incarcerated), two epigastric hernias and two incisional hernias. All
hernias were treated by mesh hernioraphy, no recurrent hernia was re-
corded. Omentectomy did not impact the hernia rate, but both patients
with an incisional hernia had undergone omentectomy.

One patient in the omentectomy group developed a hemoperi-
toneum on post-operative day 1 and was urgently revised for an omental
bleeding. There were no other early postoperative complications.

Kaplan-Meier curves of catheter survival show no significant

impact of omentectomy or catheter fixation on overall catheter sur-
vival (log-rank test, P=0.792).

DISCUSSION

Omentectomy and Infection

The amazing capacities of the omentum to seal of abdominal infec-
tion and hollow viscus perforation are well known. The pedicled
omental flap and its use for breast reconstruction and closure of
surgical defects are widespread and has proven its durability and
long-term benefit.”>* Immunological omental effects are caused by
the production of vascular endothelial growth factors, cytokines and
other biological agents by adipocytes in the omental fat.?” Recurrent
peritonitis may lead to irreversible changes of the peritoneal mem-
brane function, resulting in permanent PD failure and primary cath-
eter failure.

In our series, omentectomy did not significantly increase
the incidence of peritonitis or exit-site infection. Fixation of the
catheter significantly reduced the incidence of peritonitis and had
no effect on exit-site infections. Although fixation introduces an ex-
tra foreign object (sutures) in the abdomen, paradoxically peritonitis
rates decrease with fixation in our series. We have no clear explana-
tion for this finding but can conclude that fear of infection should
not convince physicians from fixating the catheter to the abdominal
wall. Peritonitis causing organisms in our patients are Staphylococ-
cus Aureus, Staphylococcus epidermidis(CNS), Klebsiella oxytoca,
Corynebacterium sp, Pseudomonas aeruginosa, P. Mirabilis and S.
Marcescens.

Omentectomy and Obstruction

The omentum is a well-known source of catheter obstruction and
omental wrapping is a common reason for catheter removal or ex-
change (5-15% of cases).”® Surgeons have developed different strate-
gies to prevent this: omentopexy, omentectomy and omental folding
have proven to reduce catheter obstruction and failure. Omentopexy
was extensively studied by Ogunc et al. and with routine use of this
technique the authors were able to reduce omental wrapping to 0%.”
In our series omentopexy was not performed.

Omentectomy was first described by Nicholson as an ad-
junct procedure for open introduction with a significant increase in
catheter survival (P<0.01) (13). In a series of 163 pediatric patients
catheter failure rate was significantly reduced with the performance
of omentectomy (23% without omentectomy vs. 15% with omentec-
tomy, P=0.0054).” Some surgeons perform an omentectomy rou-
tinely, others use it more selectively when the omentum extends into
the pelvis. In a series of 18 patients Goh et al. found an 83% 1-year
catheter survival (83%) rates with an omental folding technique with
plication of the omentum with silk sutures.”’ In our series omentec-
tomy significantly reduced the rate of obstruction but did not impact
rates of dislocation. This finding seems logical, as the omentum is
extracted at the time of surgical placement, catheter obstruction by
the omentum becomes impossible. However rates in our series don’t
fall to zero because obstruction can also be caused by plicae sigmoi-
dae and fimbriae ovaricae. Interestingly all of the obstructions in the
omentectomy group could be managed conservatively.

Obstruction and Migration

Laparoscopic fixation helps prevent catheter migration out of the
pelvis but unfortunately has an increased risk for obstructive adhe-
sions, internal hernias, and infection.’® In a series of 19 patients who
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underwent laparoscopic catheter fixation with non-resorbable sutures to
the uterus or peritoneum, fixation reduced catheter failure. However, leak
rates increased because of the need for an extra laparoscopic port.’

Some authors have reported high dysfunction rates (14-12%)
and even migrating catheters after fixation.'®* We recorded an overall ob-
struction rate of 11% and migration rate of 26%. Obstruction was caused
by omental wrapping in five patients, by wrapping in small bowel mesen-
tery in five patients, by wrapping in sigmoid plica, ovary and hernia mesh
in one patient.

Obstruction rates were higher in the non-fixated (NF) group
vs. fixated (F) group (17 vs. 7%). Migration rates were surprisingly higher
in F vs. NF (27 vs 22%). It is however important to mention that ten of
the catheters were fixed with resorbable sutures, this is 30% of all cath-
eter fixations. As our experience grew we noticed that these patients had
high migration rates (50%) which are caused by the fact that these sutures
degrade over time and lose their fixating potential. At laparoscopy, we
noted that the non-damaged peritoneum doesn’t adhere so there was no
remaining peritoneal tunnel to fix the catheter. If we eliminate the resorb-
able fixed catheters from the F group, dislocation rates drop significantly
which leads to dislocation rates of 21% in the adjusted F-group vs. 23% in
the NF group.

When obstruction and dislocation occurred, there was no dif-
ference in management pattern with or without fixation and most patients
had to be revised.

Catheter fixation with non-resorbable sutures reduced catheter
dislocation and catheter obstruction. Catheter fixation however, does not
impact overall survival of the catheter.

Hernias

Circulation of peritoneal dialysate leads to increased intra-abdominal
pressure and tension on the abdominal wall which causes a significant
increase in the incidence of hernias in CAPD patients. Del Peso et al. ex-
amined 142 patients and found a hernia rate of 37% (primarily umbili-
cal). In their series, all catheters were placed with an open introduction
technique by a nephrologist.”*” Hernia rates in laparoscopically placed
catheters are not accurately described in the literature, leak rates vary in
several studies. Schmidt et al. describe an incisional hernia rate of 6.3%.'¢
ISPD and SAGES both recommend surgical repair of abdominal wall de-
fects to prevent complications during dialysis.*'' Laparoscopy provides a
good inspection of the abdominal wall and both inguinal regions prior to
catheter insertion. This gives the surgeon the opportunity to detect and/
or repair clinically occult hernia defects before starting with peritoneal
dialysis and increasing abdominal pressure. In our series, we did not find
any an occult hernia at the time of catheter implantation but recorded a
hernia rate of 15% with five umbilical hernias.

Leakage

Peritoneal dialysate leaks occur through surgical incisions and catheter
entry points. When leakage occurs it can only be managed by lowering
the infusion rate and volume of dialysate or completely stopping dialysis.
Leak rates vary from two to 19% with basic laparoscopic introduction
and from 0 to 5% with advanced laparoscopic techniques.'’ Schmidt et al.
(n=43) recorded a leak rate of 13% but did not perform omentectomy.'¢
The incidence of leaks in our cohort was 3%. All leaks occurred in the
omentectomy group but were managed conservatively. Higher leak rates
after omentectomy might be caused by an increased incisional diameter
at the site of endobag extraction.

All results are plotted in Figure 1 and 2, Kaplan-Meier curves
are plotted in Figure 3 and 4.

Figure 1. Impact of omentectomy on complications

This figure shows a comparison between the omentectomy and no-omentectomy
group concerning major complications: Leakage (1), Peritonitis (2), Obstruction
(3), Dislocation (4), Exit-site infection (5).

Results are plotted by calculating percentages of complication positive patients on
the total number of patients who underwent omentectomy (n=32). Example: Peri-
tonitis in the omentectomy vs. no omentectomy group (10/32 vs 10/46; 31vs.22%)
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Figure 2. Impact of fixation on complications

This figure shows a comparison between the fixation non-resorbable and no-fixa-
tion group concerning major complications: Leakage (1), Peritonitis (2), Obstruc-
tion (3), Dislocation (4), Exit-site infection (5). Results are plotted by calculating
percentages of complication positive patients on the total number of patients who
underwent fixation (n=33). Example: Peritonitis in the fixation non-resorbable vs.
no fixation group (5/33 vs. 10/35; 15vs.29%).
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Figure 3. Kaplan-Meier curves of catheter survival
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Figure 4. Kaplan-Meier curves of catheter survival
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Study Limitations and Strengths

Our study has several limitations. It is a retrospective analysis of a
database of a very heterogenic population. Catheters were removed
because of peritonits and for tunnel infections, but some catheters
were removed for benign reasons (transplantation, change to HD).
This causes quite some disturbance in our data and statistical analy-
sis because data of these patients was no longer available after cath-
eter removal. For this reason it is also difficult to quantify the rate of
catheter survival. We presumed however that data disturbances are
equally distributed over the subgroups.

Research | Volume I | Number 1|



General Surgery Open Access Open Journal

SOAO)

PUBLISHING

D

Table 1. p-values Fisher Exact Test

Obstruction Dislocation Leakage Peritonitis E x1t-s.1te
infection
Omentectomy 0.028 0.101 0.0652 0.1328 0.2383
Fixation non- = g, 02266 03687 0.0441 = 0.2513
resorbable
_ No Omentectomy
Omentectomy (n=32) (n=46) p-value
1.Peritonitis 10/32 31% 10/46 22% 0.13
2Exitsite g3, 17% 5/46 16% 024
infection
3.Leakage 3/32 9% 0/32 0% 0.06
4.0Obstruction |1/32 3% 9/46 11% 0.03
5.Dislocation 3/32 19 % 2/46 30% 0.1

Our study also has some major strengths. All catheters were
placed by one surgeon in a single institution with a standardised technique
and a standard type of catheter with a long-term extensive follow-up. Fur-
thermore every complication was meticulously recorded in patient files.

CONCLUSION

Patients who receive an omentectomy at time of catheter placement are
less prone to obstructive catheter complications. Furthermore when ob-
struction occurs in these patients, a conservative management strategy is
feasible. Although the omentum is considered an immunologic organ, our
study proves that infracolic omentectomy has no adverse effects and does
not lead to an increase in infectious complications. So considering our
data, laparoscopic infracolic omentectomy is safe and feasible and should
be considered as a validated technique to prevent PD catheter obstruc-
tions.

Abdominal wall fixation of the catheter is routinely performed
in our institution. However fixation does not lead to a statistic significant
reduction of catheter dislocation. Some have considered sutures around
the catheter as an extra risk-factor for infection and small bowel obstruc-
tion (SBO). In our series no SBO was recorded, and in contrast to current
opinion, fixation with non-resorbable sutures significantly reduced peri-
tonitis.

These two interventions however have no significant impact on
catheter survival.

We can conclude that a laparoscopic PD catheter placement
technique is feasible and safe and has several advantages: fixation leads
to less peritonitis, omentectomy leads to less catheter obstruction and
routine hernia assessment is possible. Further research is necessary to
determine the optimal outcomes and future guidelines for laparoscopic
PD catheter placement should consider these interventions as standard
technique.
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