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Abstract

Background Obesity has been considered a relative con-
traindication to peritoneal dialysis (PD). Surprisingly, PD
catheter dysfunction rates and longevity have not been
studied in the growing obese ESRD population. The aim of
this study was to determine the effect of patient weight on
PD catheter survival in the three insertion technique cate-
gories of advanced laparoscopy (AL), basic laparoscopy
(BL), and open.

Methods We examine retrospectively collected data on
231 consecutive PD catheter insertions at the NorthShore
University HealthSystem between 2004 and 2014. Three
cohorts were created based on the catheter insertion tech-
nique: open, BL using selective adhesiolysis, and AL using
rectus sheath tunnel, selective omentopexy, and adhesiol-
ysis. Primary outcomes included catheter dysfunction and
catheter dysfunction-free survival for each cohort by BMI:
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normal weight (18.5-24.9), overweight (25-29.9), obese
(>30). Nominal variables were compared using Chi-square
test, continuous variables using ANOVA or Kruskal-
Wallis tests, and catheter survival was assessed using the
Kaplan—Meier method with log-rank test. Statistical sig-
nificance was established at 0.05.

Results For the three BMI categories, there were no sta-
tistically significant differences in patient demographics.
There were no statistically significant differences in
catheter dysfunction or peri-operative complications by
BMI category among all patients. This was also true in the
AL cohort. Among all patients, similar 2-year dysfunction-
free catheter survival was noted for normal weight, over-
weight, and obese patients (log-rank p = 0.79). This was
also true across all insertion techniques: open (log-rank
p =0.87), BL (log-rank p = 041), AL (log-rank
p = 0.43). In the obese cohort, the 2-year dysfunction-free
catheter survival was 91.1% in AL, 83.5% in BL, and
65.7% in open (log-rank p = 0.58).

Conclusion Obesity does not increase complications or
shorten dysfunction-free PD catheter survival regardless of
the operative technique used. Obesity should not be con-
sidered as a relative contraindication to PD catheter
placement as it confers similar technique success to nor-
mal- and overweight individuals.

Keywords Peritoneal dialysis - Obesity - Peritoneal
dialysis catheter dysfunction - Advanced laparoscopic
insertion technique - Omentopexy - Rectus sheath tunnel

Obesity in the adult United States population has grown to
epidemic proportions, with a prevalence estimated by
CDC to be 36.5% in 2011-2014 [1]. Patients with end-
stage renal disease (ESRD) are equally affected by the
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obesity problem. Between 1995 and 2002, obesity
increased by 33% in the incident ESRD patients initiating
dialysis, with an increase in mean BMI from 25.7 to 27.4
during this time period [2]. This trend continues, with
reported mean BMI of 28.9 in the incident ESRD patients
in 2007-2009 [3]. While obesity is a well-known risk
factor for end-stage renal disease (ESRD) [4], historically
it has been considered as a relative contraindication to
peritoneal dialysis (PD) [5]. Therefore, obese patients are
less likely to be offered and to initiate peritoneal dialysis
(PD) as a modality in the United States [6]. This has been
mainly due to early data showing that obese individuals
suffer inferior PD outcomes, including increased risk of
mortality, inadequate solute clearance, higher risk of
infectious complications, as well as early technique failure
[5, 7-9]. Over the years, many of these notions have been
challenged. We now know that obesity does not seem to
confer an increased mortality risk in patients on PD, and in
fact may provide a survival advantage for this patient
population [10-13]. Furthermore, the findings of inade-
quate solute clearance in the obese were based mostly on
mathematical models and current research shows that in
fact it is possible to achieve adequate solute clearance in
obese PD patients with higher dwell volumes [14, 15].
Data remain mixed in terms of infectious complications in
the obese PD population [9, 16, 17]. However, research is
lacking in the area of PD technique failure and PD long-
evity in the obese population. This is especially important
with the recent introduction of advanced laparoscopic
insertion techniques [18].

The durability of the PD catheter is the key factor in the
long-term success of PD, and is contingent on the PD
catheter insertion technique. Mechanical PD catheter
complications are the main reasons for PD failure and
subsequent transfer to hemodialysis accounting for 19.6%
of failures [19, 20]. Advanced laparoscopic (AL) insertion
technique, which utilizes rectus sheath tunnel, selective
omentopexy, and selective adhesiolysis, has been shown to
confer lower mechanical PD catheter dysfunction rates and
improved dysfunction-free catheter survival in the general
PD patient population when compared to open and basic
laparoscopy (BL) [18, 21, 22].

Given the growing population of obese ESRD patients
and the widely established benefits of PD over hemodial-
ysis (HD), including preservation of residual renal function
[23, 24], improved autonomy and quality of life [25, 26], a
slight survival advantage within the first 2 years of dialysis
initiation [27, 28], and lower dialysis costs [3, 29-31],
research is urgently needed to define the effect of obesity
on PD technique failure and PD longevity outcomes.
Therefore, we sought to investigate the impact of patient
weight on PD outcomes such as PD catheter dysfunction
rates, dysfunction-free catheter survival, and peri-operative

complications among patients whose PD catheters were
inserted using open, basic laparoscopic, and advanced
laparoscopic insertion techniques.

Patients and methods
Study design

The study was approved by the NorthShore University
HealthSystem Institutional Review Board. Retrospective
database of eligible patients undergoing open, basic
laparoscopic, and advanced laparoscopic peritoneal dialy-
sis catheter insertion was queried. All the operations were
performed by five high volume minimally invasive sur-
geons and one vascular surgeon performing routine PD
catheter insertions at the four hospitals comprising North-
Shore University HealthSystem.

Patients

Our retrospective PD database includes 235 consecutive
PD catheter insertions performed during a transition period
from open to basic laparoscopic to advanced laparoscopic
insertion procedures performed between February 2004
and November 2014. Inclusion criteria included evidence
of post-insertion catheter use and adequate post-operative
follow-up. Four (4) patients were excluded from the anal-
ysis as their BMI was <18.5. Variables gathered included
patient demographics, pre-operative data such as comor-
bidities, reason of renal replacement therapy, prior renal
replacement therapy, prior abdominal operations, intraop-
erative data such as details of operative technique, com-
plications, additional operative interventions, and post-
operative data such as post-operative complications,
catheter dysfunction (inflow/outflow obstruction, migra-
tion, peri-catheter leak), need for any reason for catheter
revision/removal, and length of follow-up.

Outcomes and definitions

Primary outcomes measured included mechanical PD
catheter dysfunction rates and PD catheter dysfunction-free
survival and overall PD catheter survival. Mechanical PD
catheter dysfunction was defined as the need for revision-
ary surgery or catheter removal due to inflow/outflow
obstruction to dialysate flow, catheter tip migration, or
peri-catheter leak. Dysfunction-free catheter survival was
defined as total length of time of primary catheter use from
the time of insertion to either revision or removal due to
mechanical catheter dysfunction only. Analysis was cen-
sored (see “Statistical analysis” for definition) on all other
reasons for catheter removal, such as wound infection,
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peritonitis, patient preference for HD, clinical PD failure
(inadequate dialysis), renal transplant, return of renal
function, as well as loss to follow-up and death. Dys-
function-and-infection-free catheter survival was defined as
total length of time of primary catheter use from the time of
insertion to either revision due to mechanical dysfunction
or removal due to mechanical catheter dysfunction or
infectious complication. Analysis was censored on patient
preference for HD, clinical PD failure, renal transplant,
return of renal function, as well as loss to follow-up and
death. Overall PD catheter survival was defined as total
length of time of primary catheter use from the time of
insertion to either revision or removal due to mechanical
dysfunction, infectious complications, patient preference
for HD and clinical PD failure, censored only on catheter
removal due to renal transplant, return of renal function,
loss of follow-up, and death. Secondary outcomes included
peri-operative complications. Intraoperative complications
included bleeding and bowel injury. Post-operative com-
plications included (1) infectious complications: peritonitis
(early peritonitis within 2 weeks of operation, late peri-
tonitis 2 weeks or more following surgery), superficial
wound infections, or peri-catheter abscess within 1 month
of operation, (2) ileus (lack of return of bowel function
within 3 days of operation), (4) urinary retention, (5)
incisional hernia.

Study groups

Patient cohorts were defined based on BMI categories as
per WHO classification of normal weight (18.5-24.9),
overweight (25-29.9), and obese (>30). Strict operative
procedure definitions were utilized to further subdivide
patients into operative cohorts of open, basic laparoscopy
(BL), and advanced laparoscopy (AL). Procedures utilizing
a minilaparotomy incision were categorized as open. BL
was defined as the use of laparoscopy to visualize catheter
placement in the pelvis, including adhesiolysis when per-
formed. AL was defined as use of laparoscopy with per-
formance of rectus sheath tunnel, selective omentopexy,
and selective adhesiolysis. Please refer to our previous
publication for detailed description of these surgical pro-
cedures [18].

Statistical analysis

Demographics, operative characteristics, operative tech-
nique, peri- and post-operative complications, and
mechanical PD catheter dysfunction rates were compared
by BMI category. Categorical variables were compared
using Chi-square test. Continuous variables were com-
pared using analysis of variance or Kruskal-Wallis test
with post hoc comparisons made using Tukey’s test or
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Dunn test. Kaplan—-Meier catheter dysfunction-free sur-
vival curves, dysfunction-and-infection-free survival
curves, and overall catheter survival curves were con-
structed based on BMI and operative technique groups and
compared using log-rank test with post hoc comparisons
made using Tukey’s test. Survival time endpoint was
reached either when the event of interest (or censoring
event) occurred or when the follow-up time ended. All
censored observations contributed to the total number at
risk up to the time that they ceased to be followed. Sta-
tistical significance was established at p < 0.05. All sta-
tistical analyses were conducted using SAS version 9.3
(SAS Institute Inc, Cary, NC).

Results
Study design and patient characteristics

The study cohort comprised 235 consecutive PD catheter
insertions from February 2004 to November 2014. Four
patients were excluded from the analysis as their BMI was
<18.5, with a total of 231 patients included in the analysis.
We encountered no mortalities within 30 days of the
operation. None of the laparoscopic procedures were con-
verted to open. Patient demographics are presented in
Table 1. Overall mean age of the entire cohort was
63.5 £ 16.7. For the three BMI categories of normal
weight, overweight, and obese, the average age of the
patients was 65.4 (£19.7), 64.5 (£15.0), and 60.4 (£15.0),
respectively. Males comprised 60.6% of the entire cohort.
The percent of male gender in each BMI cohort was 55.6,
65.2, and 60.0%, respectively. There was no statistical
difference between the age, gender, post-operative follow-
up, prior abdominal surgery, prior peritoneal dialysis or
hemodialysis, insertion technique, or ASA class between
groups.

Operative variables in the advanced laparoscopy
cohort

In the advanced laparoscopy cohort, utilization of selective
omentopexy was significantly higher in the obese popula-
tion when compared to both normal weight and overweight
individuals (76.7% vs 48.1% vs 38.2%, respectively,
p = 0.01, Table 2). There were no statistically significant
differences in the utilization of selective adhesiolysis or the
operative time among the three BMI cohorts. Although all
simultaneous umbilical hernia repairs occurred in the
overweight (5) and obese (5) patients, this finding was not
statistically significant (p = 0.09).
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E;?;i:te;i‘;"zirf‘gi)by Demographics 18.5-24.9 25299 >30 p value
n 72 89 70
Age at surgery, mean = SD 65.4 £ 19.7 64.5 £ 15.0 60.4 £ 15.0 0.11
Male, n (%) 40 (55.6) 58 (65.2) 42 (60.0) 0.46
Postop follow-up, mo, median (IQR) 14 (7, 39) 25 (12, 53) 25 (9, 43) 0.11
Previous abdominal surgery, n (%) 45 (62.5) 49 (55.1) 40 (57.1) 0.65
Previous dialysis, n (%) 29 (40.3) 35 (39.3) 22 (31.4) 0.48
Previous peritoneal dialysis 12 (16.7) 12 (13.5) 9 (12.9) 0.79
Previous hemodialysis 26 (36.1) 26 (29.2) 16 (22.9) 0.22
Operation type 0.86
AL 27 (37.5) 34 (38.2) 30 (42.9)
BL 23 (31.9) 33 (37.1) 22 (31.4)
Open 22 (30.6) 22 (24.7) 18 (25.7)
ASA class, median (IQR) 3@3,3) 33,3 3@3,3) 0.74
AL advanced laparoscopy, BL basic laparoscopy, /QR interquartile range, SD standard deviation
izbiz\i n?g’;ﬁig;fogﬁles " Operative variables in AL cohort 185249 25299 >30 p value
cohort by BMI category n 27 34 30
(n=9D) Selective omentopexy, n (%) 13 (48.1) 13 (38.2) 23 (76.7) 0.01*°
Selective adhesiolysis, n (%) 7 (25.9) 8 (23.5) 9 (30.0) 0.84
Intraoperative umbilical hernia repair, n (%) 0 (0.0) 5 (14.7) 5 (16.7) 0.09
Operative time, mean £ SD 39.2 £ 15.5 36.3 + 14.0 43.6 + 18.6 0.12

AL advanced laparoscopy

# Significant difference between overweight and obese; p < 0.05

® Significant difference between normal weight and obese; p < 0.05

Peri-operative complications

In the analysis of the entire study cohort, we encountered
low rates of intra- and post-operative complications
(Table 3). Three (3) patients experienced intraoperative
complications which included a bleed, enterotomy, and
serosal tear. These intraoperative complications were

controlled at the time and did not lead to long-term
sequelae. None of these complications occurred in the
obese cohort. Early infectious complications included exit
site infections (occurring within 1 month of operation),
diagnosed in 3 patients and early peritonitis (occurring
within 2 weeks of the operation) diagnosed in 3 patients.
There were no statistically significant differences in the

Table 3 Intraoperative, post-

operative, and late Peri-operative complications 18.5-24.9 25-29.9 >30 p value
complications by BMI category n 7 89 70
(n=231) Intraoperative complications, n (%) 2 (2.8) 1 (1.1) 0 0.50
Enterotomy 1(1.4) 0 0 0.61
Bleeding 1(1.4) 0 0 0.61
Serosal tear 0 1(1.1) 0 0.61
Post-operative complications, n (%) 342 4 .(4.5) 1(1.4) 0.53
Exit site infection (<1 m postop) 2 (2.8) 1(1.1) 0 0.34
Early peritonitis (<2 weeks postop) 1(1.4) 1 (1.1 1(1.4) 0.98
Incisional hernia 0 2 3.2 0 0.06
Late complications, n (%)
Late peritonitis (>2 weeks postop) 17 (23.6) 19 (21.3) 24 (34.3) 0.17
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above post-operative infectious complications between the
three BMI cohorts (Table 3). Two (2) patients developed
incisional hernias, both in the overweight cohort and both
following open operations. There were no incisional her-
nias noted in the obese cohort. Post-operative complica-
tions did not statistically differ among the three BMI
cohorts. Late peritonitis (more than 2 weeks following the
operation) was diagnosed in 60 patients among the entire
cohort (Table 3). There was no statistically significant
difference in late peritonitis among the three BMI cohorts.
When looking only at the advanced laparoscopy cohort,
there were no statistically significant differences in intra-
operative, post-operative, and late complications by BMI
category (Table 4).

Catheter dysfunction rates

Catheter dysfunction, revision, and removal rates by BMI
category are presented in Table 5. Among all patients, we
found nine mechanical catheter dysfunctions in the normal
weight cohort, 14 in the overweight cohort, and 12 in the
obese cohort. There were no statistically significant dif-
ferences in PD catheter dysfunction rates among the three
BMI cohorts when all dysfunctions were considered toge-
ther, or separated by type of mechanical catheter dys-
function (inflow obstruction, outflow obstruction, catheter
migration, or peri-catheter leak). The rates of catheter
revision due to mechanical dysfunction were also similar
among the three BMI cohorts. PD catheter revisions due to
mechanical dysfunctions occurred in 9 normal weight
individuals, in 11 overweight individuals, and in 10 obese
individuals. Time to revision did not differ among the BMI
groups. There were no differences between the three BMI
cohorts in PD catheter removal due to: (1) mechanical
dysfunction only, (2) mechanical dysfunction and

infectious complications, and (3) all causes (inclusive of
patient preference, PD failure, renal transplant, etc).
Similarly, the rates of PD catheter dysfunction, revision,
and removal were not statistically different between the
three BMI cohorts among patients in the advanced
laparoscopic insertion technique cohort (Table 6).

Long-term results and peritoneal dialysis longevity
by BMI

Among all patients in the study, the 2-year dysfunction-free
catheter survival was similar between the normal weight,
overweight, and obese individuals (84.1% vs 86.7% vs
80.3%, respectively, log-rank p = 0.79) (Table 7, Fig. 1).
This was also true when 2-year dysfunction-free catheter
survival was assessed by the same BMI stratification within
each operative technique cohort: open (85.1% vs 79.7% vs
65.7%, log-rank p = 0.87), BL (58.6% vs 87.3% vs 83.5%,
log-rank p = 0.41), AL (100% vs 92.0% vs 91.1%, log-
rank p = 0.43) (Table 7, Supplemental Figure). In the
obese cohort, all three insertion techniques resulted in
similar  2-year  dysfunction-free catheter survival
(AL = 91.1% vs BL = 83.5% vs open = 65.7%, log-rank
p = 0.58) (Table 7).

Among all patients in the study, the 2-year dysfunction-
and-infection-free catheter survival was similar between
the normal weight, overweight, and obese individuals
(67.1% vs 754% vs 59.3%, respectively, log-rank
p = 0.34) (Table 8). This was also true when 2-year dys-
function-and-infection-free catheter survival was assessed
within each operative technique cohort: open (73.8% vs
69.1% vs 54.9%, log-rank p = 0.79), BL (48.0% vs 76.5%
vs 43.8%, log-rank p = 0.15), AL (71.9% vs 81.4% vs
82.6%, log-rank p = 0.72) (Table 8). In the obese cohort,
all three insertion techniques resulted in similar 2-year

dysfunction-and-infection-free catheter survival
Table.4 Intraoperative, post- Peri-operative complications in AL cohort 18.5-24.9 25-29.9 >30 p value
operative, and late
complications in the AL cohort n 27 34 30
by BMI category (n = 91) . L
Intraoperative complications, n (%) 2(7.4) 1.9 0 0.29
Enterotomy 1 (3.7 0 0 0.30
Bleeding 1 (3.7 0 0 0.30
Serosal tear 0 1.9 0 0.43
Post-operative complications, n (%) 0 0 1(3.3) 0.36
Exit site infection (<1 m postop) 0 0 0 -
Early peritonitis (<2 weeks postop) 0 0 1(3.3) 0.36
Incisional hernia 0 0 0 -
Late complications, n (%)
Late peritonitis (>2 weeks postop) 5 (18.5) 6 (17.6) 8 (26.7) 0.65
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Table 5 Catheter dysfunctions, revisions, and removals by BMI Category (n = 231)

Catheter dysfunction 18.5-24.9 25-29.9 >30 p value

n 72 89 70

All catheter dysfunctions, n (%)* 9 (12.5) 14 (15.7) 12 (17.1) 0.73
Inflow obstruction 1(1.4) 1(1.1) 0 0.63
Outflow obstruction 709.7) 11 (12.4) 10 (14.3) 0.69
Catheter migration 2 (2.8) 1(L.1) 2(2.9) 0.63
Catheter leak 0 1(1.1) 0 0.45

Revisions, n (%)° 9 (12.5) 11 (12.4) 10 (14.3) 0.93
Months before revision, median (IQR) 1.4 (1.2, 7.0) 2.0 (0.5, 15.4) 49 (1.1, 6.4) 0.80

Removals (All), n (%) 44 (61.1) 55 (61.8) 38 (54.3) 0.59
Months before removal, median (IQR) 6.9 (3.4, 14.0) 12.9 (4.0, 33.6) 10.4 (4.8, 22.3) 0.14

Removals due to Mech. dysfunction, n (%) 4 (5.6) 6 (6.7) 2(2.9) 0.54
Months before removal, median (IQR) 6.6 (3.7, 26.1) 3.7 (1.0, 5.3) 2.3 (0.7, 3.9) 0.22

Removals due to Mech. dysfunction/Infection, n (%) 15 (20.8) 19 (21.3) 16 (22.9) 0.95
Months before removal, median (IQR) 6.7 (2.5, 8.3) 14.0 (3.2, 44.3) 7.3 (4.6, 11.9) 0.50

IQR interquartile range

* Mechanical dysfunction definition: any anatomical complication of PD catheter insertion

® Revisions defined as any surgical procedure that reestablishes flow of the catheter after mechanical dysfunction

Table 6 Catheter dysfunctions, revisions, and removals in the AL cohort by BMI category (n = 91)

Catheter dysfunction in AL cohort 18.5-24.9 25-29.9 >30 p value

n 27 34 30

All catheter dysfunctions, n (%)* 0 2 (5.9 2 (6.7) 0.41
Inflow obstruction 0 0 0 -
Outflow obstruction 0 2 (5.9 2 (6.7) 0.41
Catheter migration 0 0 0 -
Catheter Leak 0 0 0 -

Revisions, 1 (%)° 0 2(5.9) 2(6.7) 0.41
Months before revision, median (IQR) - 39 124,55) 4.9 (3.9, 6.0) 0.44

Removals (All), n (%) 12 (44.4) 14 (41.2) 6 (20.0) 0.10
Months before removal, median (IQR) 49 (1.9, 7.6) 6.1 (1.5, 15.2) 8.1 (5.0, 11.5) 0.54

Removals due to Mech. dysfunction, n (%) 0 1(2.9) 0 0.43
Months before removal, median (IQR) - 4.0 (4.0, 4.0) - -

Removals due to Mech. Dysfunction/Infection, n (%) 5 (18.5) 4 (11.8) 3 (10.0) 0.60
Months before removal, median (IQR) 6.7 (2.5,7.1) 9.0 (2.8, 29.2) 6.7 (5.0, 11.5) 0.67

AL advanced laparoscopy, /QR interquartile range

* Mechanical dysfunction definition: any anatomical complication of PD catheter insertion

® Revisions defined as any surgical procedure that reestablishes flow of the catheter after mechanical dysfunction

(AL = 82.6% vs BL = 43.8% vs open = 54.9%, log-rank
p = 0.11) (Table 8).

Among all patients in the study, the 2-year overall
catheter survival was similar between the normal weight,
overweight, and obese individuals (34.7% vs 49.7% vs
37.8%; log-rank p = 0.09) (Table 9). In obese patients,

overall survival was different between operative techniques
(log-rank p = 0.02). We found significantly improved
overall PD catheter survival in the obese patients following
AL insertion as compared to BL insertion (62.0% vs
16.3%; log-rank p = 0.02), but not when compared to open
insertion (62.0% vs 43.7%; log-rank p = 0.24).

@ Springer



1720

Surg Endosc (2018) 32:1714-1723

Table 7 2-Year dysfunction-free catheter survival by BMI and
operative technique (%)

Table 9 2-Year overall survival by BMI and operative technique (%)

BMI 18.5-24.9 25-29.9 >30 p value
BMI 18.5-24.9 25-29.9 >30 p value
All patients 34.7 49.7 37.8 0.09
All patients 84.1 86.7 80.3 0.79 AL 429 49.0 62.0 0.31
AL 100 92.0 91.1 0.43 BL 13.1 49.0 16.3 0.03
BL 58.6 87.3 83.5 041 Open 443 50.0 43.7 0.43
Open 85.1 79.7 65.7 0.87 p value 0.20 0.72 0.02
p value 0.06 0.45 0.58 -
AL advanced laparoscopy, BL basic laparoscopy
AL advanced laparoscopy, BL basic laparoscopy
Fig. 1 Kaplan—-Meier 1.0
dysfunction-free catheter L‘%_ﬂ_‘
survival curves for all patients T
by BMI category (log-rank 0.8
p =0.79) '
By
Z 06
&3
=
o
5
= 0.4
=]
]
0.2
0.0-
18.5-24.9 72 3o 14 [
25-29.9 80 52 35 24
==30| 70 33 19 10
0 ] 10 15 20 25 30
Months
BMI 18.5-24.9 25-29.9 =>=30

Table 8 2-Year dysfunction-and-infection-free catheter survival by
BMI and operative technique (%)

BMI 18.5-24.9 25-29.9 >30 p value
All patients 67.1 75.4 59.3 0.34
AL 71.9 81.4 82.6 0.72
BL 48.0 76.5 438 0.15
Open 73.8 69.1 54.9 0.79

p value 0.49 0.79 0.11

AL advanced laparoscopy, BL basic laparoscopy

Discussion

We found that outcomes following peritoneal dialysis
catheter insertion are not adversely affected by obesity in
our entire study population, regardless of the operative
technique. Obese subjects were as likely to benefit from
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long-term PD catheter function as their normal weight and
overweight counterparts. This was true when considering
mechanical PD catheter dysfunction alone, as well as
infectious complications such as early exit site infection
and early and late peritonitis. Addition of patient prefer-
ence and clinical PD failure to the analysis did not change
the above conclusions. This finding held true not only in
our full study cohort, but also in each of the three common
operative insertion technique cohorts.

Existing research on the topic of obesity and PD tech-
nique survival is scant and most published studies focus on
patient survival as their primary outcome, with less
emphasis on technique survival. A multicenter prospective
study published in 2002 studied patient survival and PD
technique survival in 208 patients divided into two BMI
categories, greater than 27 and between 20 and 27. The
authors showed that PD technique survival, defined as
switch to hemodialysis, was similar among the two groups
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at 2-year follow-up. Although the study results are com-
pelling, the arbitrary BMI cutoff limits our ability to make
broader conclusions. Prasad et al. showed in their retro-
spective cohort of 328 patients that death-censored PD
technique survival was similar among obese, overweight,
and normal weight patients in India [32]. Conversely,
Snyder et al. reported that overweight and obese patients in
a retrospective cohort experienced higher rates of switch to
HD as compared to normal weight individuals [6]. Simi-
larly, a retrospective study published by Unal et al. showed
that BMI was significantly associated with PD technique
failure in 392 PD patients being treated with PD between
1995 and 2013 [33]. The definition of technique failure
used in the above studies is very broad. Furthermore, the
authors do not specify the surgical technique used for
catheter placement.

The only available study assessing BMI effect on PD
catheter dysfunction rates (among other patient-specific
variables) is a study by Singh et al. [34]. The authors
looked at outcomes specifically related to PD catheter
failure, defined as catheter removal due to catheter-related
problems. The authors determined that BMI did not affect
PD catheter survival. In our study, we go a step further,
looking at PD catheter-related outcomes of mechanical PD
catheter dysfunction, infectious complications, and patient-
related factors as reasons for technique failure. We also
further subdivide patients into cohorts based on the PD
catheter insertion method, which we believe is important
given the lack of standardized surgical insertion technique
and our recently published findings showing superiority of
advanced laparoscopic PD catheter insertion on PD
catheter longevity [18].

Additionally, obesity is believed to be a risk factor for
infectious complications in patients on PD, but the litera-
ture on this topic is similarly conflicting. Prasad et al.
showed that obese individuals had a 3.4-fold greater risk of
peritonitis when compared with normal weight individuals
after 22 month follow-up [32]. This study did not use
WHO BMI category definitions, and reported obesity as
BMI > 25, which makes it difficult to draw broader con-
clusions. Additionally, despite the differences in peritonitis
rates by BMI, this study showed no difference in technique
failure (defined as switch to HD) by BMI. The ANZDATA
registry study by McDonald et al. also showed increased
risk of peritonitis in the obese PD patients, with increasing
BMI associated with earlier and more frequent peritonitis
episodes [9]. However, more recent studies show no
increased infectious complications in obese patients. Hsieh
et al. reported no significant correlation between BMI and
peritonitis in 391 PD patients [35]. Nessim et al. also found
no association between exit site infections or peritonitis
and BMI in 938 patients, with the exception of coagulase-
negative Staphylococcus peritonitis which appeared more

common in the obese [17]. In our study we show no dif-
ferences in infectious complications, including exit site
infections, early and late peritonitis. We purposefully chose
the 2-week mark to separate peritonitis into early and late,
as the former is likely related to the peri-operative tech-
nique, while the latter is likely related to patient charac-
teristics. We also show that PD catheter survival is similar
among BMI categories when accounting for catheter
removals due to infectious complications.

There are no studies to date that specifically analyze the
longevity of PD catheter function in obese patients fol-
lowing the relatively recently introduced insertion tech-
niques utilizing advanced laparoscopy with the use of
rectus sheath tunnel and selective omentopexy (performed
only when the omentum was large and extended into the
pelvis). We show that in the advanced laparoscopic inser-
tion cohort, the use of omentopexy is significantly higher in
the obese, which is not surprising since this group of
patients has increased intra-abdominal adiposity. In addi-
tion, the AL cohort had significantly improved overall PD
catheter survival in the obese patients compared to BL (no
omentopexy). We observed a trend toward higher 2-year
dysfunction-free and dysfunction-and-infection-free cathe-
ter survival percentage in the obese cohort using AL
compared to open. However, this did not achieve statistical
significance. Subsequent studies validating our findings on
advanced laparoscopic insertion technique and related rates
of mechanical and infectious complications, as well as PD
catheter survival in the obese population is warranted.

The limitations of this study are inherent to its retro-
spective nature. The PD catheter insertion techniques were
utilized in sequence as our practice evolved over time, with
open procedures utilized early (2004-2008), followed by
basic laparoscopy (2005-2012), and then advanced
laparoscopy (2008—present). The evolving surgeon expe-
rience has the potential for introduction of bias, which
would be difficult to control short of a randomized con-
trolled trial. Related to this is the differential length of
follow-up, which has the potential of increasing the chance
of identifying catheter dysfunction and late peritonitis in
the open group. However, we have accounted for this
differential follow-up in our statistical methodology lim-
iting outcomes to 2-year catheter survival.

Given that obesity has been long considered a relative
contraindication to PD, our findings are important, pro-
viding evidence that PD in obese patients is safe and dur-
able. Snyder et al. retrospectively reviewed a cohort of
418,021 Medicare patients initiating dialysis between 1995
and 2000, and showed that obese patients were 13% less
likely to initiate peritoneal dialysis when compared to
patients with normal BMI, despite having improved sur-
vival [6]. The authors speculated that these results could

@ Springer



1722

Surg Endosc (2018) 32:1714-1723

potentially be due to narrower treatment options offered to
this patient population.

With the heightened risk of ESRD in the obese and the

increasing prevalence of obesity in the ESRD patient
population, many patients could potentially not be offered
this important mode of renal replacement therapy. How-
ever, our findings suggest that obesity should not be a
deterrent to the initiation of PD.
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