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Surgeons and Surgical technology have always been an integral part of peri-
toneal dialysis evolution because infusion of solution into the peritoneal cav-
ity needs a conduit.  Christopher Warrick from England in 1740 used the 
surgical technique to insert a leather pipe in the peritoneal cavity and three 
years later, Stephen Hale, again from England used two surgical trocars for 
infusion and drainage of fluids from the peritoneal cavity. Georg Ganter from 
Germany in 1923 performed peritoneal exchanges in human subjects, using a 
simple needle to instill and drain one to three liters of specially prepared ster-
ile PD solution that contained appropriate amount of electrolytes and dex-
trose. He observed that needle allowed free inflow but drainage was very 
cumbersome. Peritonitis was a frequent complication. To the modern nephrol-
ogists involved in peritoneal dialysis, Ganter’s observations would be a “loud 
music”! In the ensuing nearly a century, many innovators including surgeons 
and nephrologists have worked on designing a dedicated peritoneal dialysis 
access. In the process, they have used surgical materials like, glass cannulas, 
trocars, gall bladder trocars, rubber cannulas, Foley catheter, and surgical 
drains. The disadvantages of these devices were rigidity of the material caus-
ing pressure-trauma to the internal organs, air suction and entrapment in the 
system, fluid leaks and inadequate fixation of devices to the abdominal wall. 
The result of all these inadequacies was inevitable peritonitis. Innovations in 
1950s and 1960s gave us PD catheters that were biocompatible, flexible, less 
rigid and easily anchored to the abdominal wall. The Tenckhoff catheter, 
introduced in 1968, was the major breakthrough that saw the peritoneal dialy-
sis become an alternative therapy for ESRD. This catheter has stood the test 
of time

Based on our 40+ years of clinical experience, I feel the outcome of PD 
catheters depends upon the experience and technical skills of the operator, 
including surgeon, interventional nephrologist or radiologist. An ideal cath-
eter insertion would place the catheter tip deep in the pelvis and prevent it 
from migrating out of pelvis. In order to accomplish this, the operator has to 
be familiar with the simple but most important component of providing the 
pelvic tilt to the cuff at the peritoneal entry site. Positioning the catheter ter-
minal segment in the deep pelvis has an additional benefit; keeping the side 
holes farther away from the omentum. The small amount of intra-peritoneal 
fluid containing protein bathes the catheter and over-time forms a thin coating 
outside and inside the catheter. This protein coating of the catheter makes it 
less likely to be captured by the omentum.  It is my observation that omental 
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capture of the terminal segment of the catheter occurs mostly during the first 
few days after insertion. The second most important step is for the surgeon to 
ensure that he or she creates an appropriate length of sinus track at the exit 
site. Too short, too long or too wide a sinus track exposes the higher risk of 
cuff extrusion or exit site infection. Based on our observations of several 
hundred cases, Zbylut Twardowski, MD, my respected colleague now retired, 
concluded that in most human peritoneal dialysis catheter tunnels, during the 
healing process, the epithelium does not reach to the level of cuff, but grows 
only for a few millimeters from the exit in the sinus tract. We observed that 
there are fast healing exits, where the epidermis starts entering into the sinus 
after 2-3 weeks; and slow healing exits, where the epidermis starts entering 
into the sinus after 4-6 weeks. The healing process is complete in 4-8 weeks 
when the epidermis covers approximately half of a visible sinus tract.  My 
goal is to see every sinus tract look like an umbilicus! The third important 
principle is to preserve the natural shape of the catheter during insertion. The 
catheter material is a silicone rubber and has its elastic property. When cath-
eter is placed in its unnatural shape, it tends to create opposing forces to get 
back to its original shape. These forces could cause delayed wound healing, 
and slowly cause cuff extrusion and catheter tip migration. Lastly and equally 
important is the care of the catheter by the dialysis nurse, especially during 
the catheter healing process. The dialysis nurse should ensure at the exit site, 
the catheter is kept completely immobilized during the entire period of heal-
ing. Unintended mobility around the catheter exit site promotes trauma at the 
site and increase granulation tissue. Consequently, minor bleeding could 
occur and promote infection. Constricting stitches to immobilize the catheter 
should be discouraged. When the sinus tract heals completely, the exit site is 
amazingly resistant to infection. To accomplish excellent results requires a 
well-coordinated team of surgeons, nephrologists and dialysis nurses. 
Complications like, catheter tip migration out of pelvis, omental capture, exit 
infection, cuff extrusion, tunnel infection and ultimately peritonitis can be 
eliminated or for sure can be minimized. The process of PD catheter place-
ment is an art that has to be seen and cultivated from an expert!

Our PD program is fortunate to have had the expertise of a surgeon, W. 
Kirt Nichols MD. For over forty years, he collaborated with us both clinically 
and academically. One of the unique features about our long-term relation-
ship is the open and free communication. In the OR, a Post-op a KUB is 
performed after every PD catheter placement. Such imaging study provides 
us a baseline catheter position and a talking point for our discussion for each 
other’s learning. Frequently we discuss whether the surgery met our stan-
dards of placement. We have learned a lot from these discussions and have 
established our own standards. I am sure, during his days at the University of 
Missouri, Dr. Stephen Haggerty learned from Kirt’s experience and long 
established teamwork approach with nephrology. Not only that Stephen has 
established a top class PD catheter placement program, it is only fitting that 
he embarked on writing a book on the surgical aspect of peritoneal dialysis. 
At the outset, it might raise a question “A book on peritoneal dialysis by a 
surgeon?” It is my strong conviction that surgeons make or break the func-
tioning and longevity of a PD catheter and the success of the PD program. 
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Sharing experiences of surgical pioneers like Kirt Nichols, John Crabtree, 
Stephen Haggerty, and innumerable other surgeons and interventionists 
through a book is long overdue! The tradition in medical world is to learn 
from a mentor. A surgeon teaching a colleague surgeon has more impact than 
any other approach. It is no accident that in this book, 10 of the 15 chapters 
are dedicated to surgical aspects of peritoneal dialysis. Several world-
renowned expert authors have extensively described the pre-op preparation of 
patients, surgical and laparoscopic insertion technique of different catheter 
types. Chapters on diagnosis and management of catheter dysfunction and 
mechanical complications would be well appreciated by all dealing with peri-
toneal dialysis

There appears to be a resurgence of peritoneal dialysis in the United States 
and of course, globally its penetration keeps increasing. Training on the sur-
gical aspects of PD should be a part of the overall training related to perito-
neal dialysis. Haggerty’s book on the Surgical Aspects of Peritoneal Dialysis, 
a unique treasure. With vast amount of expert knowledge poured in it, would 
find a niche in the peritoneal dialysis community. As Sir William Osler said 
“The art of the practice of medicine is to be learned only by experience; ‘tis 
not an inheritance; it cannot be revealed. Learn to see, learn to hear, learn to 
feel, learn to smell, and know that by practice alone can you become expert.” 
Osler said at other place, “it is harder to acquire the art than the science…. 
There is still virtue, believe me, in that “long unlovely street”, and the old art 
cannot possibly be replaced by, but must be absorbed in, the new science.”

Columbia, MO, USA� Ramesh Khanna, MD
Karl D. Nolph, MD
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The concept of peritoneal dialysis (PD) has been a work in progress for over 
a century. The first report of “peritoneal irrigation” as a successful treatment 
of renal failure was in 1946 by Frank, Seligman, and Fine. Maxwell and col-
leagues were the first to describe a technique similar to today’s form of peri-
toneal dialysis exchanges in a “closed system” using commercial solutions, 
disposable tubing, and a nylon catheter in 1959. By 1980, continuous ambu-
latory peritoneal dialysis (CAPD) had become a proven mode of renal 
replacement therapy and was being offered in over 116 medical centers in the 
United States. Its use has steadily grown throughout the world with many 
countries using it as the primary mode dialysis. Having a functioning intra-
peritoneal catheter is mandatory in these patients. Across the globe, PD cath-
eters are placed by nephrologists, surgeons, and interventional radiologists 
based on availability and individual expertise. Peritoneal dialysis catheters 
may be placed at the bedside, in a fluoroscopic suite, or in an operating room, 
and it is paramount to minimize complications and maximize longevity of 
these catheters to have successful PD. To help achieve this, there have been 
published best available practices and guidelines regarding peritoneal dialy-
sis catheter insertion and care. However, there are no dedicated reference 
books on the Surgical Aspects of Peritoneal Dialysis.

When I started my current practice in 1999 as a general and laparoscopic 
surgeon, I did not have much interest in placing PD catheters. Like most gen-
eral surgeons at the time, I was trained in open placement during residency by 
the transplant surgeons. Soon after starting practice, I was introduced to lapa-
roscopic insertion by my partner Earl Norman, MD, and Mike Carder, NP 
coordinator of our PD unit. I began placing all PD catheters using a basic 
laparoscopic technique using a sheath and dilator. I presented and published 
our initial experience and during my literature review became familiar with 
the work of John Crabtree of California. He had published several papers on 
laparoscopic PD catheter insertion and introduced the idea of rectus sheath 
tunnel and omentopexy. He then began teaching these as “best practices” in 
PD catheter insertion. To this day, he has published the most papers on peri-
toneal dialysis access and taught thousands of surgeons on these techniques 
at the Peritoneal Dialysis University for Surgeons course, sponsored by the 
International Society of Peritoneal Dialysis. We owe many of the advances in 
the surgical aspects of peritoneal dialysis to Dr. Crabtree. After learning of 
these techniques, my practice quickly evolved to advanced laparoscopic 
insertion, and I became one of the busiest peritoneal dialysis access surgeons 
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in Chicago. I have maintained a scientific interest in PD and related complica-
tions through ongoing retrospective and prospective clinical research at our 
institution. In addition, I have taught several courses to surgeons, published 
our own institutional data, and been lead author on the SAGES Guideline for 
Peritoneal Dialysis Access Surgery. Finally, I have had great collaboration 
with our robust nephrology department and outpatient PD centers to deliver 
outstanding outcomes to a high volume of patients.

The purpose of Surgical Aspects of Peritoneal Dialysis is to provide a 
reference for physicians, surgeons, and interventionalists who care for renal 
failure patients who are on or considering peritoneal dialysis as a mode of 
renal replacement therapy. As the use of PD hopefully grows in the United 
States as it has done throughout the world, we need experts to care for these 
patients. Education and attention to detail are important in obtaining good 
outcomes. This book should provide a foundation of knowledge about the 
medical and surgical aspects of peritoneal dialysis for surgeons, nephrolo-
gists, and interventional radiologists.

Surgical Aspects of Peritoneal Dialysis consists of 15 chapters covering an 
overview of how peritoneal dialysis works, preoperative considerations, and 
patient selection, as well as separate chapters on insertion techniques, postop-
erative care, and complications. I am thrilled that we have had many experts 
from around the world contributing to this book and hope it helps physicians 
and surgeons deliver the best care to these challenging patients.

Evanston, IL, USA� Stephen Haggerty, MD, FACS
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The Epidemiology of Renal 
Replacement Therapy

Sana Waheed and Micah R. Chan

�Epidemiology of End Stage Renal 
Disease

Approximately 14% of the US adult population 
(more than 20 million patients) is affected by 
chronic kidney disease (CKD) [1]. For an indi-
vidual, lifetime risk of CKD is high; with more 
than half of US adults aged 30–64 years old likely 
to develop CKD (Hoerger et al. 2015). CKD pro-
gresses in a substantial proportion of these patients 
to the point of needing some form of RRT.  In 
2013 alone, 120,000 patients reached End Stage 
Renal Disease (ESRD), of which 88% of patients 
started HD, 9% began PD and 2.6% received a 
preemptive kidney transplant [1]. (Fig. 1.1) After 
a year-by-year rise in ESRD incidence over two 
decades from 1980 through 2000, it has been 
roughly stable from 2000 to 2013. Regardless, the 
prevalence of ESRD in the United States has 
grown in recent years. As of December 31, 2013, 
there were more than 660,000 prevalent cases of 
ESRD in the US- an increase of 3.5% since 2012 
and an increase of 68% since 2000 [1]. The vast 
majority of prevalent ESRD population is under-
going in-center hemodialysis (ICHD).

The incidence rates of ESRD increase with 
age and the majority of patients who develop 
ESRD have diabetes or hypertension as the 
underlying cause of their kidney disease. 
Moreover, there are significant ethnic differences 
in the prevalence of ESRD. Compared to whites, 
ESRD prevalence is about 3.7 times higher in 
African Americans [1]. Recently, this increased 
risk of kidney disease in this population have 
been linked to G1 and G2 high-risk alleles for a 
gene APOL1 that is located on chromosome 22 
[2]. These high-risk alleles provide resistance to 
disease causing trypanosomiases, which led to 
their natural selection in the population [3].

Since most symptoms of CKD do not appear 
till late in the disease process, delay in diagnosis 
of CKD and referral to nephrology remains a big 
problem. Based on the USRDS data for patients 
starting ESRD therapy in 2013, it appears that 
25% of patients received no nephrology care and 
an additional 13% had unknown duration of 
nephrology care prior to initiation of ESRD ther-
apy. The duration of pre-ESRD care is also asso-
ciated with age and young patients are most 
likely to have a longer duration (> 12 months) of 
pre- ESRD care [1].

The quality of life and the life expectancy of 
most patients on dialysis are low. Dialysis 
patients have a much higher mortality rate than 
the general Medicare population and also com-
pared to Medicare patients with diabetes, acute 
myocardial infarction, heart failure and cancer. 
Dialysis patients younger than 80 years old are 
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expected to live less than one-third as long as 
their counterparts without ESRD.  The major 
cause of death in these patients is related to car-
diovascular events [1].

Unfortunately, in addition to the increased 
mortality rate, the quality of life for ESRD 
patients is adversely affected because of a high 
symptom burden. Moreover, they are often admit-
ted to hospitals with volume overload, infections 
and access related complications. On average, 
ESRD patients are admitted to the hospital nearly 
twice a year, and about 30% have an unplanned 
re-hospitalization within the 30  days following 
discharge [4].

�Cost

Chronic maintenance dialysis is an expensive 
procedure and Centers for Medicare and 
Medicaid Services extends coverage to all 
patients with ESRD who require dialysis or trans-
plantation. When this was implemented in 1972, 
only about 10,000 patients were receiving dialy-
sis, a number that has increased to over 469,000 
patients with a cost of 30.9 billion dollars in 2013 
[5]. This accounts for 7.1% of the overall 
Medicare paid claims cost for less than 1% of the 
total Medicare population [1].

The exact cost per patient per year depends 
upon the modality used, with HD being the most 
expensive at approximately $85,000 per patient 
per year (PPPY), followed by PD, which costs 
approximately $70,000 PPPY.  Transplant is the 

most cost effective therapy with an expenditure 
of approximately $30,000 PPPY [1]. It is signifi-
cant to point out that the difference in the expen-
diture of HD and PD in the US is not driven by a 
lower reimbursement to the dialysis units [6]. 
The amount paid to the dialysis units is the same 
for HD and PD but the higher cost for the HD 
population is mainly attributed to the cost of 
inpatient care and medication use [7]. Based on 
these numbers, one can deduce that PD is a finan-
cially attractive option for the ever-increasing 
population of ESRD patients in the US.

�Utilization of Peritoneal Dialysis 
in United States

Although PD has been used as an RRT modality 
since 1976, the rapid growth of the ESRD popula-
tion in the early 2000s was mostly due to patients 
undergoing ICHD [8]. Financial incentives for 
ICHD and concerns regarding the outcomes on 
PD were among the major reasons for this dispro-
portionate increase in ICHD and as of 2008, less 
than 7% of the prevalent ESRD population was on 
PD [9]. The bundling of dialysis-related services 
led to a renewed interest in PD nationally with a 
50% increase in the prevalent PD population from 
2008 to 2013 (45,000 patients were on PD in 2013 
compared to 30,000 in 2008) [1].

Despite this increase, the rate of PD utilization 
in the US is much lower than other countries like 
Hong Kong, Australia, New Zealand and Canada 
[10]. This difference cannot be solely attributed to 
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variance in patient characteristics but is rather a 
result of obstacles impeding the growth of PD in 
our health care system. Lack of informed decision-
making in ESRD patients is the biggest barrier. A 
quarter of the patients starting dialysis receive no 
pre-ESRD care but even more worrying is the fact 
that two-thirds of the patients are not even offered 
PD as an option despite the fact that 87% of patients 
would be eligible for it [1, 11, 12]. It is extremely 
concerning that these numbers challenge the basic 
principles of autonomy and patient-centered care.

Another important issue is the lack of famil-
iarization with PD in providers since most 
nephrology training programs focus on HD [13]. 
Based on the results of a recent survey, 88% of 
nephrology training program directors felt that 
PD fellow training was limited and 60% endorsed 
personal inadequate PD training [14]. As physi-
cians, our practice is limited to what we are most 
comfortable with. Therefore, these training limi-
tations translate into lower use of PD by provid-
ers during independent practice.

In addition to provider related aspects, the 
most important factor in determining dialysis 
modality selection is patient choice. Despite being 
presented with the option of PD, a substantial 
number of patients choose to undergo HD. Patients 
report the fear of something catastrophic happen-
ing at home without health care provider supervi-
sion, lack of space at home and feeling of social 
isolation as main barriers to selecting PD [15].

In summary, both provider and patient related 
issues limit the use of PD in the US, which have 
to be addressed at a national level. Several initia-
tives like the Home Dialysis University for fel-
lows are addressing the deficiency in provider 
training. However, most importantly as a team of 
health care providers, we should emphasize 
enhancement in patient education and patient 
empowerment, allowing them to make a decision 
that suits their lifestyle.

�Patient Selection for Peritoneal 
Dialysis

All ESRD patients should be assessed for PD eli-
gibility. There are very few absolute contraindi-
cations to PD, which include lack of residence 

permitting PD, morbid obesity, large unrepaired 
abdominal wall hernias, expanding abdominal 
aortic aneurysm and active diverticulitis [16]. 
Most other factors like impaired vision, hearing, 
lack of dexterity to make PD connections, immo-
bility and dementia are barriers, and these can 
potentially be overcome if a patient has assis-
tance at home [16] (Table 1.1).

After evaluation of PD suitability, patients 
should then be offered a free choice as a part of 
modality education with written material, web-
sites, videos, group lectures and one-to-one ses-
sions on an as needed basis. The key here is to let 
the patients decide, as they are more likely to do 
better with the modality that they are interested 
in. Most studies show that half of the patients 
would choose PD if given the right [17].

�Comparison of Peritoneal Dialysis 
to Hemodialysis

Historically, the studies comparing outcomes of 
PD and HD have focused on mortality and yielded 
controversial results. An ideal comparison would 
have been a randomized controlled trial, which has 
been attempted in the past with very low recruit-
ment rates. Earlier epidemiologic studies based on 
US renal data system (USRDS) registry showed 
that PD was associated with a 19% increase in mor-
tality [18]. This became the cornerstone of the 
argument that PD is somehow an inferior therapy 
compared to HD. However, there has been a sig-
nificant improvement in outcomes of PD since then 
as shown in a study by Mehrotra et al., where the 

Table 1.1  Patient eligibility for peritoneal dialysis

Contraindications Barriers

Place of residence does not 
permit PD

Impaired vision or 
hearing

Active diverticulitis Insufficient strength or 
dexterity

Major abdominal surgeries Immobility

Large unrepaired abdominal 
wall hernias

Dementia

Increasing abdominal aortic 
aneurysms

Poor hygiene

Acute psychiatric illness Non-adherence

Modified from Blake and Quinn [16]

1  The Epidemiology of Renal Replacement Therapy
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composite outcome of mortality and change in 
modality over an 8 year period (between 1996 and 
2003) showed a 17% improvement in PD outcomes 
as opposed to HD outcomes where there was no 
significant improvement [19]. More recent registry 
data from the USRDS and Denmark shows that 
there is no significant mortality difference based on 
the modality for RRT [20, 21]. In the US, the 5-year 
survival for patients starting RRT between 2002 
and 2004 was 33% for PD compared to 35% for 
HD with no statistical difference.

Residual renal function (RRF) in dialysis 
patients contributes to small and middle molecu-
lar clearance and has effects on mortality with 
every 0.5 ml/min increase in glomerular filtration 
rate (GFR) being associated with a 9% lower risk 
of mortality [22]. HD is associated with a much 
faster rate of RRF decline (3.7 ml/min compared 
to 1.4 ml/min for PD at 12 months) which might 
be related to rapid changes in fluid homeostasis 
[23]. Moreover, selecting PD as an RRT method 
prior to transplantation has shown some positive 
effects on graft function [24].

However, patient outcomes are not only about 
biomedical outcomes but psychological out-
comes are equally important-more so in some 
cases. PD is associated with more patient satis-
faction. Patients receiving PD were much more 
likely than patients on HD to rate their dialysis 
care as excellent (86% vs 56% respectively) and 
including excellent ratings for each specific 
aspect of clinical care [25]. PD also allows greater 
flexibility in terms of travel and employment.

To summarize, PD and HD have similar medi-
cal outcomes but PD allows more flexibility. 
Ultimately the choice of RRT modality should be 
made by patients based on which modality is bet-
ter suited to their lifestyle as the emphasis for 
patients is mostly on how they live-rather than 
how long [26].

�Switching from Peritoneal Dialysis 
to Hemodialysis

The incident rates of PD in the US are lower than 
expected. Moreover, the probability of patients 
continuing the initial method of dialysis is much 

lower on PD compared to HD [27, 28]. A study of 
approximately 5000 incident PD patients resulted 
in a technique success of 58% at 5  years [29]. 
Other studies have shown that the majority of 
technique failure in PD occurs early (during the 
first year) and catheter dysfunction and psycho-
social problems are more common during this 
period [30]. Despite the improvement in peritoni-
tis rates in recent years, infections (peritonitis 
and catheter related) are the main reason for PD 
patients to transfer to HD overall [31].

Fluid overload likely secondary to ultrafiltra-
tion (UF) failure also results in transfer to 
HD. Loss of RRF and structural changes in the 
peritoneal membrane with increased lymphatic 
absorption and small solute transport are contrib-
uting to UF failure [32]. Abdominal surgeries, 
pancreatitis and malnutrition are some of the 
other reasons implicated in transfer of dialysis 
modality [33] (Table 1.2).

Risk factors for technique failure include 
older age, higher peritoneal membrane transport 
status, diabetes mellitus, lower neighborhood 
education level and increased body mass index 
[29, 33–35]. Interestingly, the center size is 
inversely related to the rate of technique survival. 
Centers with less than 20 patients have a 1.7 
times higher likelihood of transferring to HD 
compared to centers with a higher number of 
patients [33]. A possible explanation for this 
trend is that centers caring for a large PD popula-
tion are more experienced at dealing with com-
plications and adjusting PD prescriptions to 

Table 1.2  Factors involved in switching from PD to HD

Patient factors

 � Peritonitis

 � Catheter dysfunction

 � Ultrafiltration failure

 � Malnutrition

 � Patient preference

 � Abdominal surgeries

 � Pancreatitis

 � Patient preference

Provider factors

 � Center size

 � Lack of experience managing PD complications

Modified from Huisman and Nieuwenhuizen [33]
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increase clearance and improving ultrafiltration 
without resorting to HD transfer.

It is often difficult to predict which patients will 
transfer to HD based on baseline characteristics 
and be able to predict patient success on 
PD.  Therefore, the therapy should be offered to 
anyone who is interested in the absence of an abso-
lute contraindication [28]. We should also limit the 
use of the term “technique failure” for transfer to 
HD as it implies that the patient or providers efforts 
were futile in some way. Rather, a more encourag-
ing thought process is to consider that with the 
increased life expectancy of ESRD patients, they 
will likely need different RRT modalities during 
their lifetime. Even if someone was successfully 
able to do PD for 6 months, that’s an extra 6 months 
spent at home instead of traveling to and from a HD 
unit. Only by this paradigm shift, will we be able to 
provide excellent care to our ESRD patients in the 
changing landscape of our healthcare system.
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Physiology of Peritoneal Dialysis

Alan Moreno and Menaka Sarav

�Introduction

The history of peritoneal dialysis is a rich one, 
and echoes the accumulated knowledge across a 
multitude of medical specialties and disciplines. 
The earliest known recorded descriptions of the 
peritoneal cavity are inscribed in the Ebers 
Papyrus, an Egyptian medical manuscript dating 
back to 1550 BC. In ancient Rome, Galen, pro-
genitor to the modern physician, noted its anat-
omy while treating abdominal injuries to 
gladiators. Centuries of medical stagnation fol-
lowed, with renewed interest in the peritoneum 
blossoming during the Industrial Revolution fol-
lowed with clinical applications during the twen-
tieth century paving the way for modern 
peritoneal dialysis. It is now the dominant option 
in home dialysis therapy, and is the modality of 
choice in many countries, including Canada, 
Mexico and Australia, used by about 200,000 
patients worldwide [1]. Since its establishment as 
a viable option for ESRD patients in the 1960s, 
peritoneal dialysis remains an attractive option 
for patients and physicians who desire a conve-
nient, flexible and low cost alternative to tradi-
tional hemodialysis (HD) [2].

During HD, blood and dialysate interact 
across a semipermeable membrane, ultimately 
leading to water removal, solute balance, and 
toxin clearance. Unlike HD utilizes artificial 
semi-permeable tubules through which blood 
passes and is bathed by dialysate, PD harnesses 
the intrinsic physiologic properties of the peri-
toneal membrane itself. Additionally, rather 
than pump-applied pressure gradients in HD, 
osmotic and solute gradients between dialysate 
and blood are employed to transport solutes 
and water via filtration, diffusion and advec-
tion in PD.

�The Peritoneal Membrane

Central to PD are the properties of the peritoneal 
membrane  – also known as peritoneum  – the 
serous membrane that lines the abdominal cavity. 
Embryonically derived from layers of mesen-
chyme, its gross anatomy and cellular constitu-
ents were first described in scientific detail in 
1862 by the renowned pathologist von 
Recklinghausen [3].

�Anatomy

The peritoneal membrane encompasses a large 
surface area that roughly, and coincidentally, 
equals that of the body surface area of an average 
healthy adult – approximately 1–2 m2 [4].
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Blood flow through the peritoneum is also an 
important consideration, and can directly affect a 
patient’s dialyzing capabilities. In normal physi-
ologic conditions, estimated blood flow through 
the peritoneum is 50–100 ml/min, approximately 
1% of a person’s cardiac output, however this can 
vary depending on individual anatomy and 
inflammatory states [4].

The peritoneum is divided into two 
components:

	1.	 The visceral peritoneum which lines the gut 
and associated viscera. This comprises 80% 
of the entire peritoneum, with blood supply 
coming from the superior mesenteric artery; 
drainage is through the portal venous system.

	2.	 The parietal peritoneum lines the walls of the 
abdominal cavity, and comprises the remain-
der (20%) of the peritoneum. Blood supply of 
the parietal peritoneum is derived from the 
abdominal wall vasculature, and drains 
directly to the inferior vena cava.

Between the parietal and visceral peritoneum 
is the peritoneal cavity, the site where dialysate 
“dwells” during exchanges. The cavity is remark-
ably pliable; while small in healthy persons and 
housing less than 100 mL of fluid, during perito-
neal dialysis upwards of 3 liters of dwell may be 
tolerated without significant discomfort [4, 5].

The specific extent and proportions of the peri-
toneum involved during dialysis remain unknown. 
Although the visceral peritoneum comprises the 
majority of the membrane surface area, it is largely 
adhered to fibrous viscera with poorly exposed to 
dialysate. Consequently it is thought to not con-
tribute significantly to fluid and solute exchange 
during PD.  This lack of contribution has been 
demonstrated with eviscerated animal studies.

In contrast, despite its limited size, the parietal 
peritoneum contributes most to the diffusion and 
ultrafiltration that defines PD primarily due to the 
availability of usable vasculature to the perito-
neal cavity. The concept of “effective peritoneal 
surface area” is evoked through this discrepancy; 
simple surface area does not account for the three 
dimensional differences in capillary distribution, 
membrane thickness and dialysate  – membrane 
matching. All things being equal, the perfusion 

of capillaries within the peritoneal membrane can 
greatly affect the dialyzing capabilities of each 
individual person.

�Histology

Histologically, the peritoneum is a complex, liv-
ing and dynamic structure that includes and 
encompasses interstitial matrix, microvascula-
ture, connective tissue and mesothelial cells [4–
6]. In general the following landmarks are noted:

	(a)	 Capillary fluid film covering the endothelium 
of the capillaries

	(b)	 Capillary wall (endothelium)
	(c)	 Endothelium basement membrane
	(d)	 Interstitium
	(e)	 Mesothelium – layer of squamous epithelial 

cells
	(f)	 Fluid film that overlies the mesothelium

Simplistically, these six landmarks can be 
thought of as the six layers of resistances to sol-
ute transport. There are two popular concept of 
peritoneal transport; they are complementary 
rather than mutually exclusive, and will be dis-
cussed below.

�Models of Transport

The two most popular models of peritoneal trans-
port emphasize the importance of peritoneal vas-
culature and interstitium. They are the “three 
pore model” which helped explain how solutes of 
varying sizes, as well as water are transported 
and the “distributed model”, which has been used 
to develop the concept of effective peritoneal sur-
face area.

�Three Pore Model

This model emphasizes peritoneal capillary 
endothelium as the critical barrier to the perito-
neal transport. Transports of solutes and water 
movement across these capillaries are mediated 
by pores of different sizes. The fluid films and the 
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mesothelium – layers a, e and f above are thought 
to offer only trivial resistance to transport [7, 8].

Ultrapores – the smallest of the pores, these are 
transcellular with a radius of only 2–5 Å. They 
also constitute only 2% total pore surface area. 
These are responsible for the transport of 
water only and have been experimentally 
found to correspond to aquaporins (AQP-1) 
channels, which are known to be the present in 
the endothelial cell membrane of the perito-
neal capillaries. Because of the water selective 
properties of the ultrapores, sodium is unable 
to pass through which leads to the initial drop 
in sodium concentration in dwell fluid (with 
corresponding increase in sodium concentra-
tion in plasma) accounting for the phenomena 
of “sodium sieving”.

Small pores – Pores with radius of 40–50 Å and 
represent small intercellular defects between 
endothelial cells. Small pores are large enough 
to allow transport of both water and solutes, 
and thus contribute to both diffusion and ultra-
filtration. These are the most numerous of the 
three pore model, comprising over 90% of the 
total pore surface area and are the dominant 
site of small solute transportation

Large pores – intercellular pores that constitute 
radius of 200–300  Å which correspond to 
large clefts in the endothelium. These are the 
least abundant and contribute to less than 
0.1% of the total effective pore area and mac-
romolecules such as protein are transported by 
convection through these pores [7–9].

�Distributed Model

The distributed model emphasizes the importance 
of the distribution of capillaries in the peritoneal 
membrane and the distance water and solutes have 
to travel from the capillaries across the interstitium 
to the mesothelium. Transport is dependent on the 
surface area of the peritoneal capillaries rather than 
on the total peritoneal surface area [9, 10]. 
Additionally, the distance of each capillary from the 
mesothelium determines the relative contribution. 
The cumulative contribution of all the peritoneal 
capillaries determines the effective surface area 

and the resistance of properties of the membrane. 
From the distributed model, the concept of “effec-
tive peritoneal surface area” has arisen [9–11].

Therefore, two patients with the same perito-
neal surface area may have markedly different 
peritoneal vascularity and so also have different 
effective peritoneal surface areas. Similarly, a 
patient’s effective peritoneal surface area may 
vary in different circumstances, for example 
increasing in peritonitis as the inflammation will 
increase the vascularity.

�Peritoneal Dialysis Transport 
Physiology

At the heart of PD is transport physiology. It is 
important to remember that the peritoneal mem-
brane maintains bidirectionality throughout dial-
ysis; however, there is no singular component of 
the membrane that is the definitive measure for 
fluid transport (ultrafiltration) or solute transport. 
Dialysate molecules such as dextrose and water 
in the peritoneal cavity are subject to the same 
physiologic principles as are waste products in 
the blood stream and can cross the membrane 
into plasma if conditions are favorable.

�Ultrafiltration

Ultrafiltration refers to the osmotic flow of water 
across a dialyzing membrane. It occurs as a conse-
quence of the osmotic gradient between the hyper-
tonic dialysis solution and the relatively hypotonic 
peritoneal capillary membrane. The movement of 
fluids across the peritoneal membrane is primarily 
determined by ultrapores and small pores mecha-
nism and depends on the following:

	(a)	 Concentration gradient for the osmotic agent 
i.e. glucose. This is maximum at the start of 
PD dwell and decreases with time due to 
dilution of the glucose by ultrafiltration and 
from diffusion of the glucose from the dialy-
sis solution into the blood. The gradient can 
be maximized by using a higher concentra-
tion of the dextrose, or by doing more fre-
quent exchanges [5, 9, 12, 13].

2  Physiology of Peritoneal Dialysis
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	(b)	 Effective peritoneal surface area, as dis-
cussed above under the distributed model.

	(c)	 Reflection coefficient of the osmotic agent 
(i.e., glucose). This is a measure of how 
effectively the osmotic agent diffuses out of 
the dialysis solution into the peritoneal capil-
laries. It is ranges between 0 and 1. The lower 
the value the faster the osmotic gradient is 
lost across a pore and leading to correspond-
ingly less sustained ultrafiltration. Lower 
numbers are thus not ideal for osmotic 
agents. Glucose has a reflection coefficient of 
0.3 whereas icodextrin is close to 1 [14–16].

	(d)	 Hydrostatic pressure gradient. The hydro-
static pressure is higher in the capillary than 
the peritoneum and this favors ultrafiltration. 
This hydrostatic pressure is higher in volume-
overloaded ambulatory patients and lower in 
recumbent or volume depleted patients.

	(e)	 Resorption. Also known as ‘fluid loss’, and 
‘wrong way flow’, resorption is the reclama-
tion of peritoneal fluid back into circulation. 
The majority of fluid is resorbed through the 
membrane itself via hydrostatic convection 
back through tissue. This occurs among the 
vasculature in the parietal peritoneum lining 
the abdominal wall. The remainder is accom-
plished through the lymphatic system, with the 
main drainage site being the sub-diaphragmatic 
lymphatic stomata. Hydrostatic increases in 
peritoneal cavity pressure, particularly with 
larger dwell volumes and correspondingly 
larger pressures, can thus ultimately cause a 
decrease in net ultrafiltration [4, 17].

	(f)	 Oncotic pressure gradient. A subset of 
osmotic pressure due to colloids (proteins), 
this acts to keep fluid in the blood, thereby 
resisting ultrafiltration [17].

�Solute Transportation

Transportation of solutes from the bloodstream to 
the dialysate fluid depends on two concurrent 
processes:

	(a)	 Diffusion is the dominant method of small sol-
ute transportation in PD, which includes elec-
trolytes, simple sugars and uremic solutes. By 

definition, diffusion is dependent on concen-
tration gradients of individual solutes between 
dialysate and blood across the semipermeable 
peritoneum to facilitate transfer. As in ultrafil-
tration, the gradient between the dialysate and 
plasma decreases over time, with the greatest 
potency occurring in the first hour of a dwell. 
Numerous other secondary factors will also 
affect net transport. These include the size of 
the effective peritoneal surface area, volume of 
the dialysate, molecular size of the solute, and 
amount of peritoneal blood flow. Each given 
solute has its own intrinsic property determin-
ing rate of diffusion, and is determined by its 
molecular weight [4, 5, 9, 13].

	(b)	 Convection  – or, more accurately, advec-
tion – is clearance of solutes which depends 
neither on the properties of the solute itself 
nor the concentration gradient of the solute 
but, rather, on its relation with the flow of 
fluid. Solvent drag occurs with the bulk 
movement of ultrafiltrate across the perito-
neum due to osmotic gradients, bringing 
with it solutes. The amount of solutes carried 
by the ultrafiltrate is limited by components 
of peritoneum that allow passage of fluid but 
not solute. This is seen in with aquaporin 
channels. This phenomenon is known as 
‘sieving’, and is most commonly observed 
with sodium when utilizing low molecular 
weight osmotic molecules for dialysate. In 
the clinical setting, sodium sieving is an 
important parameter in assessing the ade-
quacy of free water transport in PD patients, 
and can become a significant issue during 
rapid dialysate cycling [14].

�Dialysis Solutions

In 1923, Gantar injected normal saline into the 
peritoneal cavity of uremic guinea pigs, thereby 
performing the first known attempt at peritoneal 
dialysis in animals. A failed attempt in PD on a 
uremic woman soon followed, again using nor-
mal saline. The importance of PD fluid hyperos-
molarity in inducing fluid removal became 
apparent, with Heusser first adding dextrose to 
PD solutions in 1927 [3].

A. Moreno and M. Sarav
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Modern PD solutions are varied, however they 
share important distinguishing features: a pri-
mary osmotic agent, electrolytes and buffers. 
Given that the average PD patient uses 7–10 tons 
per year of dialysate, certain considerations are 
important in determining an ideal solution, 
namely expense, safety and efficacy.

�Osmotic Agents

As mentioned earlier, hydrostatic gradients are 
the primary engine of ultrafiltration in hemodial-
ysis. Due to inherent limitations of anatomy, 
however, utilizing pressure gradients in PD is 
close to impossible. Fluid transport in PD is thus 
reliant on osmotic differences between dialysate 
and plasma to move water.

	(a)	 Low Molecular Weight Agents – Inexpensive, 
easy to produce, and relatively safe, sugar based 
agents are the dominant osmotic agents even 
today, though their structural components may 
differ. Dextrose (D-glucose) remains the most 
commonly used agent, with solutions contain-
ing variable concentrations standardized into 
1.5%, 2.5% and 4.5%. Fluid osmolality ranges 
between 346 and 485  mOsm/kg; higher con-
centrations lead to greater ultrafiltration. Due to 
their low reflection coefficients, they are readily 
diffusible through the peritoneal membrane 
into plasma [14, 18]. With their passage several 
phenomena can be noted. First, the osmotic 
potency of the dialysate diminishes overtime, 
reducing ultrafiltration. Second, unsurprisingly 
hyperglycemia and hyperinsulinemia can 
ensue. With diabetes being the leading cause of 
end stage renal disease worldwide this can 
become a significant issue. A consideration 
when using small molecular weight sugar based 
osmotic agents is their susceptibility to forming 
cytotoxic glucose degradation products (GDP) 
during fluid sterilization processes. These can 
further react with native proteins forming 
advanced glycation end products (AGE) [19]. 
Long term exposure to these components leads 
to superoxide radicals, mesothelial necrosis and 
fibrosis which raises concern for association 
with PD failure [5, 6, 19–21].

	(b)	 High Molecular Weight Agents – High molec-
ular weight agents such as glucose polymers, 
dextran polypeptides and the like, range in 
weight from 10 k to 350 k Daltons. The most 
commonly utilized polymer is icodextrin at 
7.5%, a glucagon isomer that averages roughly 
16 k Daltons. Icodextrin circumvents many of 
the issues that plague lower molecular weight 
sugars. Due to its high reflection coefficient, it 
remains in dialysate much longer – its diffu-
sion into the bloodstream is limited to lym-
phatic resorption and consequently maintains 
ultrafiltration capabilities for a longer time 
period. They are removed from dialysate 
either through lymphatic absorption or 
through endothelial large pores. This property 
allows icodextrin solutions to also have much 
less osmolarity than dextrose-based solu-
tions – 282 mOsm/kg compared to 346 mOsm/
kg for a 1.5% dextrose solution. The smaller 
osmolarity of icodextrin solutions are supple-
mented by osmotic pull of electrolytes that 
have diffused from plasma to the dialysate 
[16, 18, 22].

�Electrolytes

Electrolyte additives in PD dialysate generally 
run low to better facilitate diffusion, clearance, 
and ultimately removal during exchanges. 
Potassium, for example, is usually not added to 
dialysate, and any deficiencies can easily be cor-
rected with oral supplementation. Sodium siev-
ing can cause an abrupt hypernatremia within the 
first hour of PD exchanges whilst using dextrose 
based dialysate due to increased isolated ultrafil-
tration of water. Due to the tendency of PD 
patients towards hypernatremia, sodium in dialy-
sate tend to run lower than plasma levels to 
encourage diffusion of sodium out of plasma. 
Commercial solutions range between 130 and 
137 mmol/L internationally.

Calcium levels have a tendency to be low in 
renal patients due to failure to synthesize cal-
citriol. Supplementation can be added to solu-
tions, though with caution as patients tend to be 
on calcium containing phosphate binders or vita-
min D supplementation.

2  Physiology of Peritoneal Dialysis
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�Buffers

Buffering components mixed into dialysis fluids 
have been used control acidosis in PD since Dr. 
Boen used bicarbonate in the 1960s [3]. However 
its propensity to precipitate calcium and magne-
sium led to its replacement with lactate and simi-
lar containing solutions.

Today, lactate is the most commonly used buf-
fer due to its efficacy, and compatibility. Lactate 
is metabolized to bicarbonate in the liver though 
its acidic nature is thought to possibly contribute 
to cellular death. Lactate based solutions also 
have an unfortunate tendency to cause inflow 
pain as well as abdominal discomfort. Bicarbonate 
solutions have stubbornly continued to be a suit-
able alternative for buffering; it is particularly 
useful for patients wishing to avoid infusion pain 
provided that they are separated from calcium or 
magnesium solutions [18]. Realistically this can 
be a cumbersome experience for patients and 
caregivers alike.

�Assessment of Membrane 
Transport Status

Measurements of membrane transport status is 
critical in both predicting an individual patient’s 
physiologic response to dialysis as well as assess-
ing and evaluating their current status to adjust 
needed prescriptions.

�Peritoneal Equilibration Test (PET)

Described in 1987 by Twardowski and col-
leagues, this was the first and still most utilized 
standardized evaluation of patient response to 
peritoneal dialysis [23, 24]. By checking the lev-
els of a given solute in the dialysate and plasma, 
nephrologists can determine the dialyzing capa-
bilities of a patient and estimate adequacy. The 
initial body of work emphasized categorizing 
peritoneal membrane solute transport character-
istics amongst four distinct patient types: high, 
high-average, low-average, and low depending 
on their rate of solute transport. The test is 

typically performed as an in-office visit four to 6 
weeks after initiation of PD to allow for mem-
brane stabilization. The test requires complete 
drainage of the overnight dwell, with reinfusion 
of a standardized fluid (2 L of 2.5% dextrose).

The dialysate is sampled as soon as infusion is 
completed, and repeated at 2 and 4 h intervals. 
Dwell urea, creatinine, sodium, and glucose lev-
els are checked. A concurrent blood (plasma) 
sample is checked at the same intervals, and com-
pared with dialysate characteristics. These are 
presented as D/P (D for dwell, P for plasma) and 
are termed equilibration ratios. The equilibration 
ratios between the urea, creatinine, sodium and 
glucose should be compared with each other to 
ensure concordance of measurement (Table 2.1).

Higher transporters achieve the most rapid 
and complete equilibrium for solutes creatinine 
and urea because they have a relatively large 
effective peritoneal surface area or low mem-
brane resistance. However high transporters rap-
idly lose their osmotic gradient for ultrafiltration 
because the dialysate glucose diffuses into the 
blood through the highly permeable membrane. 
They also have higher dialysate protein losses 
and so tend to have lower serum albumin levels.

Conversely, despite the slow movement of 
solutes in low transporters and need for longer 
dwell times, lack of ultrafiltration is rarely an 
issue due to longer maintenance of the osmotic 
gradient. High average and low average trans-
porters have intermediate values for these ratios 
and for ultrafiltration and protein losses 
(Fig. 2.1). In practice, high transporters do best 
on PD regimens that involve frequent short dura-
tion dwells, so that ultrafiltration is optimized 
while the low transporters do best on regimens 
based on long high volume dwell times so that 
diffusion is maximized.

Table 2.1  An example of D/P ratio categorization for 
creatinine levels

D/Pcreatinine ratio at 4 h Transporter type

D/Pcreatinine 0.81–1.03 High

D/Pcreatinine 0.65–0.81 High average

D/Pcreatinine 0.50–0.65 Low average

D/Pcreatinine 0.34–0.5 Low

Modified from Twardowski [23]
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Other testing modalities include the Fast PET, 
an abbreviated test which only samples dwell and 
plasma creatinine and glucose at the 5 h mark and 
the Modified PET, which evaluates ultrafiltration 
failure using an osmotic challenge by utilizing a 
more concentrated dextrose solution (4.25% 2 L 
dextrose). Ultrafiltration less than 400 mL during 
a Modified PET is diagnostic for peritoneal mem-
brane failure [4, 23, 24].

�Adequacy of Dialysis

In the broadest sense, adequacy is the overall 
assessment of the efficacy of dialysis and is an 
expression of the overall gestalt of a patient’s 
well-being [25, 26]. Ultimately the goal of dialy-
sis is to maintain a patient’s subjective quality of 
life. In practice this is difficult to quantify.

While being secondary goals, outcomes such 
as solute clearance, acid base maintenance, main-
tenance of electrolyte equilibrium, and mineral 
bone disease prevention, are objective and easier 
to quantify. Urea and its clearance became the 
most commonly used markers for adequacy after 
1981, when a study performed by the National 
Cooperative Dialysis Study noted that signifi-
cantly better outcomes were noted in patients 
with lower BUN levels for patients undergoing 
hemodialysis [27].

In the clinical setting, urea clearance is nor-
malized to body water levels (Kt/Vurea) and is 
measured at 1 month after starting PD 
concurrently with the PET then subsequently 
every 4  months thereafter [23, 24]. Urea clear-
ance is comprised of clearance from peritoneal 
dialysis itself and clearance from any residual 
kidney function and have to be individually cal-
culated, and then added together.

The components of Kt/Vurea are as follows:

K – This is the daily clearance of urea, and can be 
obtained by the D/Purea ratio multiplied by the 
total volume of dialysate (dwell plus ultrafil-
trate) for the PD portion. For assessing urea 
clearance of the kidneys, D (dialysate) is sub-
stituted by U (urine). Correspondingly this is 
multiplied by the volume of urine produced 
rather than dialysate volume.

t – This is time, in days. Standard measurements 
of Kt/Vurea is expressed as a weekly value, so 
this number is typically 7.

V – This is the volume of distribution of urea, and 
can be obtained by the Watson formula which 
is available online. It is roughly 60% of a 
patient’s ideal body weight.

Survival on PD has documented associations 
with maintaining higher Kt/V levels. Initial studies 
recommended maintaining weekly Kt/V levels of 
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greater than 2.0 though this has since relaxed. The 
most recent guidelines from KDOQI committee 
recommends maintaining the total Kt/Vurea (perito-
neal and urinary clearance) above 1.7 [25].

�Peritoneal Dialysis Modalities

Peritoneal dialysis is divided into two main 
modalities: continuous ambulatory peritoneal 
dialysis (CAPD) and automated peritoneal dialy-
sis (APD). The choice of peritoneal dialysis to 
use depends on numerous factors including trans-
port phenotype; however, by and large patient 
and caregiver preference is the main determinant. 
There is no difference in survival outcomes 
between CAPD and APD.

�Continuous Ambulatory Peritoneal 
Dialysis (CAPD)

Developed and refined by Drs. Popovich, 
Moncrief and Nolph in the 1970s, CAPD was the 
dominant modality worldwide for a number of 
years though automated peritoneal dialysis 
(APD) has since caught up [1, 15, 28]. CAPD 
requires a continued dwell throughout the day, 
with exchanges between used dialysate and fresh 
solutions performed four times per day. Fluid 
volume per exchange is 2  L.  Residual kidney 
function, patient size, and transport characteris-
tics of the patient will influence subsequent fluid 
volumes, exchange frequency as well as solution 
types though these changes are typically made 
after formal PET and adequacy measurements 
are performed a month after PD has started.

CAPD offers the advantage of portability, and 
longer dwell times to facilitate better solute clear-
ance and ultrafiltration. In patients whose resid-
ual kidney function is terminal or are low 
transporters with poor ultrafiltration, CAPD may 
be the only feasible peritoneal dialysis option. 
The main disadvantages is the inconvenience of 
performing exchanges throughout the day, as 
well as higher rates of peritonitis due to persistent 
fluid in the peritoneal cavity.

�Automatic Peritoneal Dialysis (APD)

The use of cyclers became more mainstream in 
the early 1980s. APD is now the most common 
form of PD in the United States. The cycler 
attempts to compress a patient’s dialysis during 
their least active part of the day – during sleep. 
This is an especially attractive option in patients 
who have active schedules, or who require help 
from persons whose time is limited.

Unsurprisingly, exchanges are performed 
more frequently and more rapidly compared to 
CAPD, and the dwell is completely drained once 
the patient detaches from the cycler in the morn-
ing. While high transporters benefit from faster 
exchanges to limit excessive ultrafiltration, in 
low transporters this can be problematic and lead 
to inadequate fluid removal and solute clearance. 
Using icodextrin in APD is difficult as well, as it 
typically requires longer dwell periods to realize 
its full effects.

Fortunately, automated peritoneal dialysis itself 
is flexible enough to be subdivided into distinct 
modalities which can help circumvent the problems 
described above; however, they all share the same 
characteristic of using a cycler overnight. Several of 
the more common variables are described below.

	(a)	 Nightly intermittent peritoneal dialysis 
(NIPD) – “Dry APD”, this is the purest form 
of automated peritoneal dialysis as there are 
no exchanges performed during the day. The 
only time a patient undergoes dialysis is 
when they are asleep.

	(b)	 Continuous cycling peritoneal dialysis 
(CCPD)  – also known as “wet” APD, an 
additional exchange (or two) is performed 
during the day in addition to nightly cycling.

	(c)	 Tidal peritoneal dialysis – a common modality 
in Europe, TPD addresses the problem of 
reduced dwell time with serial exchanges by 
instead maintaining a constant dwell throughout 
the night to allow for more UF and diffusion. 
Overfilling can be a problem with these patients.

	(d)	 Intermittent peritoneal dialysis  – infrequent 
dialysis over the course of several days [4, 
15, 28].
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Patient Selection for Peritoneal 
Dialysis

Neenoo Khosla

�Introduction

Despite apparent cost benefits, improved quality-
of-life indicators, and initiatives to increase selec-
tion of the modality, the utilization of peritoneal 
dialysis (PD) remains low in many industrialized 
countries. Although many nephrology groups 
strive to provide patients an equal opportunity to 
choose PD versus hemodialysis (HD), utilization 
of PD varies greatly from practice to practice. 
One reason is a lack of understanding of which 
patients are eligible for PD. In addition, there is a 
lack of understanding of the difference between 
contraindications to PD as opposed to barriers to 
choosing the modality. Contraindications to PD 
are those that cannot be overcome despite the 
physician and/or patient choice. There are clear 
surgical contraindications to PD such as active 
intra-abdominal infection, loss of domain/unre-
pairable hernia and dense abdominal adhesions 
which are not amenable to laparoscopic lysis [1]. 
In addition, there are medical contraindications 
such as documented loss of peritoneal function/
ultrafiltration failure of the peritoneal membrane, 
and severe protein malnutrition and or proteinuria 
>10 g/day [2, 3]. Much of the time, medical con-
traindications to PD are actually barriers that 

could be overcome with careful effort and institu-
tion of proper support systems. This chapter will 
clarify all patients that should be considered eli-
gible for PD. Also medical contraindications ver-
sus barriers to PD will be contrasted. Lastly, 
possible solutions to overcome these barriers will 
be discussed.

�Surgical Contraindications 
to Peritoneal Dialysis

�Decreased Capacity of Peritoneal 
Cavity

The peritoneal cavity must allow up to 2 liters of 
fluid to dwell at any time for peritoneal dialysis 
to be effective. In pediatric patients, an exchange 
volume of 1,000–1,100  mL/m2 BSA is recom-
mended, though in infants and toddlers less than 
2 years of age, this may be decreased to 800 mL/
m2 BSA [3, 4]. Women starting third trimester of 
pregnancy or patients with extensive abdominal 
adhesions that are not amenable to surgical cor-
rection do not have appropriate capacity of the 
peritoneal cavity for dialysate [3]. However, it is 
difficult to predict the degree of adhesions preop-
eratively. After abdominal surgery adhesions 
between the omentum and abdominal wall occur 
in over 80% of patients and involve the small 
intestine up to 20% of the time [5]. In a sample of 
436 patients who underwent PD catheter 
placement, Crabtree et al. reported the need for 
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adhesiolysis in 32% of those who had prior 
abdominal surgery (58%), but only 3.3% in those 
without prior abdominal surgery. It is not surpris-
ing that they found adhesiolysis was needed more 
commonly based on the number of prior opera-
tions, ranging from 22.7% after one operation to 
52% if the patient had a history of four or more 
operations [6]. However, the severity of adhesive 
disease may only be evident after attempted lysis 
of adhesions and catheter placement as shown in 
his study where the incidence of catheter failure 
from extensive adhesions was only 1.8%. In a 
similar study of 217 catheter insertions, Keshvari 
found a 42.8% incidence of previous abdominal 
surgery and 27% incidence of adhesions. 
Extensive laparoscopic adhesiolysis was required 
in only three patients. When comparing the 
patients who had adhesions and those without, he 
found no difference in the incidence of mechani-
cal complications or need for revision [7]. 
Catheters have also been placed in a suprahepatic 
location in patients with a hostile pelvis preclud-
ing low placement of a catheter, and in infants 
undergoing open heart surgery with successful 
dialysis [8]. Therefore, history of prior abdomi-
nal surgery is not a contraindication to trying 
peritoneal dialysis if surgeons with experience in 
advanced laparoscopy can attempt lysis of adhe-
sions and catheter placement in these patients.

�Lack of Integrity 
of the Abdominal Wall

Uncorrected mechanical defects that prevent 
effective PD such as surgically irreparable her-
nia, omphalocele, gastroschisis, diaphragmatic 
hernia, pericardial window into the abdominal 
cavity, and bladder extrophy are also contraindi-
cations, although rare exceptions to this rule have 
been described [9]. The volume of dialysate must 
dwell in the abdomen where the peritoneum is 
well vascularized. Therefore these conditions 
prevent proper peritoneal dialysis and may lead 
to fluid leak into the pleural space or soft tissues. 
Because of the increased intraabdominal pressure 
with peritoneal dialysis, the incidence of abdomi-
nal wall hernia is almost 30% in adults and up to 
40% in children [10, 11]. Literature regarding 

giant abdominal wall hernia repair before or dur-
ing peritoneal dialysis is lacking. However, ven-
tral and inguinal hernia repair may be performed 
preoperatively or concomitantly with PD catheter 
insertion and may allow effective PD [12]. More 
details on hernia repair in PD patients are found 
in a subsequent chapter. If adequate hernia repair 
is not successful, there tends to be rapid enlarge-
ment and dialysate leak [13, 14], thus these 
patients may no longer be candidates for PD.

�Eligible Patients for Peritoneal 
Dialysis

Most patients are medically eligible for 
PD. Peritoneal dialysis has few absolute medical 
contraindications. One large Dutch study demon-
strated that only 17% of end-stage kidney disease 
(ESKD) patients had a medical contraindication 
to PD [15]. The most common was previous 
major abdominal surgery. Many patients in this 
study had a social contraindication to PD. That is, 
there was an inability to perform PD exchanges 
by themselves. In a US study, only 23% of eligi-
ble patients had a medical contraindication to 
PD, consistent with 17–21% seen in studies from 
other countries [16].

Thus, medical eligibility for PD must remain 
broad. Specifically, the scope of patients eligible 
for PD should not be limited to those who have 
progressive chronic kidney disease (CKD) who 
are followed in outpatient clinics for a period of 
time. Certainly, pre- ESKD care allows for 
modality education and optimal patient choice 
[17]. Patients who are urgent starts or require 
unplanned dialysis are often only considered for 
HD via a central venous catheter (CVC). 
Nephrologists often delay or even inadvertently 
deny modality education in such patients. This is 
more often the case if there is uncertainty of renal 
recovery. Urgent start with acute PD catheter 
placement has been shown to be safe and feasi-
ble. It may be associated with increased risk of 
mechanical complications but, unlike with HD 
via CVC catheter, is not associated with increased 
risk of infections complications [18]. Patients 
who require unplanned dialysis should be evalu-
ated for barriers and contraindications to PD and 
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offered this modality if appropriate. Urgent start 
PD should be considered and a transitioning out-
patient Nurse- assist PD program should be 
established until such patients can be educated to 
perform independent home care.

As mentioned, another at risk group, who is 
denied modality education, is patients who start 
dialysis for acute kidney injury. These patients 
are most often started on HD via a CVC catheter 
with the thought of imminent renal recovery. 
However, a number of these patients at 
30–60  days show no signs of renal recovery. 
These patients for multiple reasons, including 
comorbid debilitating illnesses, forgotten modal-
ity education and/or a perception that the patient 
is “doing well on HD”, are never offered 
PD. They are often directly referred for arteriove-
nous access placement without consideration of 
PD eligibility.

Another unique opportunity to transition 
patients to PD is HD transfers from outside dialy-
sis units that may be stable but who have not been 
offered modality education at previous centers. 
Lastly, patients who have failed multiple arterio-
venous accesses for HD require reevaluation of 
PD eligibility and concerted efforts to overcome 
barriers to transitioning to PD must be made.

Beyond proper eligibility, there are true medi-
cal contraindications to PD.  Psychiatric illness 
that prevents safe and hygienic self care is a clear 
contraindication. Additionally, patients who 
demonstrate a consistent lack of medical compli-
ance and follow up are not able to be offered 
PD.  Patients who have significant lung disease 
with poor lung compliance often cannot tolerate 
PD secondary to restriction of ventilation from 
dialysate fill volumes. Lastly, patients with severe 
neurologic disease, movement disorder, or severe 
arthritis preventing self care whom have no care-
givers cannot perform PD.

�Barriers to Peritoneal Dialysis

�The Elderly

There are patient groups that nephrologists often 
overlook as appropriate for PD. Firstly, the geri-
atric population is a population of patients often 

overlooked for PD.  In 2004, a Dutch study 
showed that older age was associated with more 
contraindications to PD therapy and stronger 
likelihood to be directed to HD therapy [15]. This 
group of patients often has barriers to rather than 
contraindications to PD. In the elderly, the goal 
of care shifts more from quantity of life the qual-
ity of life. PD is well- suited for this goal of care. 
The modality avoids hospitalizations and compli-
cations of HD. Careful efforts to evaluate eligi-
bility and overcome barriers are critical in this 
patient population [19].

They are several potential advantages of PD in 
the elderly. Most importantly is increased cardio-
vascular stability with PD. The potential for car-
diovascular disease and related complications 
increases with age. Elderly can most benefit from 
the hemodynamic stabilities of PD. Additionally, 
vascular access surgeries are avoided with 
PD.  Elderly often have poor target veins and 
require repeated vascular procedures. This 
modality also avoids chronic venous catheter 
when arteriovenous access cannot be created. 
Lastly, PD does not require anti-coagulation and 
lowering the risk of G.I. bleeding.

Conversely, there are potential problems in the 
elderly. There are an increased number of and 
complex co- morbidities in older patients that 
may prevent them from actually performing the 
dialysis exchanges. These include depression, 
dementia, impaired vision, decrease physical and 
mental abilities that impair self-performance of 
dialysis procedure. These limitations are real but 
can be overcome. Manual dexterity problems can 
be partly overcome with connection assistant 
devices and certainly use of the cycler is impor-
tant. There are other adaptive CAPD systems 
such as the rotary disc system. Home care assis-
tance from family, friends, and home nurses 
allows more patients to receive PD at home. 
Some patients can start with assisted PD with a 
RN and then graduate to self-care. Family or 
friends can be trained as an assistant and models 
can be developed with two daily nursing visits. 
Employment and training of a dedicated care 
giver can be considered and finally more assisted 
living centers or skilled nurse facilities should be 
available to elderly patients to perform PD.  
Healthcare policies supporting assisted PD can 
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increase utilization and this has been shown in a 
number of countries, including Canada and 
France [20]. Assisted PD does not cost more than 
in- center HD even when the cost of home care 
provider is taken into account [21]. In conclusion 
PD is not contraindicated in the elderly and offers 
advantages over in center HD. Homecare assis-
tance can allow more elderly patients to receive 
PD. PD mortality is affected by the increased risk 
of co morbidities at this age but not due to the 
modality per se.

�Obesity

Obesity is often considered medical contraindi-
cations to PD. Obese patients with ESKD are less 
likely to initiate PD in the United States [22]. 
There are several reasons for this. Obese patients 
are often not offered PD as a modality. Clinicians 
are inexperienced and thus less comfortable with 
the management of PD in obese patients. Also, 
there are misconceptions about the outcomes of 
PD in obese patients. The relationship between 
body mass index (BMI) and mortality in dialysis 
patients is opposite of the relationship in the non-
CKD population. A low BMI (<22) is associated 
with an increased risk of death, regardless of 
modality of dialysis. Obesity (BMI > 30) seems 
to confirm a survival advantage in patients with 
ESKD. This benefit seems to be more pronounced 
in HD as compared to PD. However, there is no 
clear evidence that the mortality significantly dif-
fers between obese patients on PD versus on HD 
[23–25].

There are mechanical and technical reasons 
obesity can pose problems in performing 
PD. These include higher risks of catheter leak, 
exit site infections and peritonitis. Also, there are 
concerns that patients with high BMI may have 
difficulty achieving solute clearance and ade-
quate ultrafiltration. Early catheter placement 
and proper positioning of PD catheter by the sur-
geon using an upper abdominal or presternal exit 
site can help reduce catheter leaks, exit site 

infections and peritonitis. Achieving adequate 
clearance in the obese patient can be achieved 
with larger dwell volumes and use of 
CCPD.  Careful monitoring of residual kidney 
function is paramount in the obese patient as the 
loss of this function may require transition to 
HD.  In conclusion, obesity is not an absolute 
contraindication a PD. Careful planning on cath-
eter placement and diligence to achieve adequacy 
of dialysis can allow the obese patient to success-
fully undergo PD.

�Polycystic Kidney Disease

Patients with polycystic kidney disease (PKD) are 
one last patient population group that is often not 
considered for PD. It is often felt that the risk of 
complications and technique failure due to the lim-
ited intraabdominal space is higher in patients with 
PKD. There are clear considerations that must be 
made as this patient population. There is a theo-
retical higher likelihood to develop hernia, cyst 
rupture and increased pain when adding PD fluid 
to an abdomen with enlarged kidneys. However, in 
a number of retrospective and observational stud-
ies the technical survival, quality of dialysis, dura-
tion in therapy and rates of complications in PD 
are comparable in patients with cystic or noncystic 
kidney disease. Therefor PKD should not be con-
sidered a medical contraindication to PD [26].

In conclusion, in industrialized countries PD 
is underutilized partly from poor assessment of 
eligibility and contraindications. There are very 
few medical contraindications to PD. There are 
several things that need to occur to promote 
increased utilization of this modality. Certainly 
efforts to promote pre ESKD care are is essential. 
In addition, patients that start dialysis without 
predialysis care should be considered eligible for 
PD. Efforts to overcome barriers to PD by offer-
ing support, such as assist devices and home care 
takers, should be employed. Challenging patient 
populations, such as elderly and the obese, must 
not be excluded from PD.
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Perioperative Planning 
Assessment and Preparation

Amilcar A. Exume

�Introduction

Peritoneal Dialysis Access Surgery can be fraught 
with post procedural technique failure and com-
plications. The five key premises of this chapter 
advise a method of proper risk identification and 
mitigation, preoperative training, PD team coor-
dination, precise mapping, and perioperative 
care. Difficulties to be addressed with best peri-
operative practices are ubiquitous and pertinent.

Early PD technique failure rates range up to 35% 
in adults [1]. Pediatric early PD technique failure 
rates of 30% within 2 months are common, with 
median catheter life less than 19 months [2–4].

The predominant etiology of early technique 
failure is infectious. This patient demographic beset 
with uremia, and prevalent diabetes mellitus, mal-
nutrition, heart failure, have impaired host defenses 
with increased risk of infection [5]. In a large 
Australian series PD catheter related infection was 
the cause of 48% of conversions from PD to hemo-
dialysis [6]. Very wide divergence of peritonitis 
rates are noted between as well as within industrial-
ized countries. Registry reports of 0.06 episodes per 
year in Taiwan up to 1.66 episode peritonitis per 
year in Israel. Regions within the same country have 
20 fold variations in peritonitis rates. eg Austria [7].

Mechanical complications are frequent as 
well. A 10% early postoperative mechanical 
catheter failure rate is common [8], and >25% 
rates in pediatric series [3, 4, 9]. Wide variations 
in observed rates of infectious and mechanical 
complications and improved outcomes with 
implementation of best practices are the impetus 
for the information offered here [10]. The preop-
erative office assessment, history and physical 
exam, as well as laboratory and other testing 
identify risks and suggest appropriate adaptive 
plans. As Christian N. Bovee said: “The method 
of the enterprising is to plan with audacity and 
execute with vigor”.

�History and Physical Exam

�History of Present Illness

Elderly age per se is not a contraindication to 
peritoneal dialysis catheter implantation surgery. 
Adequate dexterity, visual acuity, cognition and 
home support are key areas to confirm preopera-
tively in these patients [11, 12].

For patients on hemodialysis, several historic 
aspects are very helpful in the preoperative period. 
Surgery can be arranged a day following a regular 
scheduled dialysis date, or an additional dialysis 
session can be arranged the day before catheter 
implantation. This helps to optimize fluid and 
electrolyte balance and perioperative conse-
quences of uremia. Knowledge of the patient’s 
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dry weight (usual weight immediately following 
dialysis) may be used to calculate volume status 
based on immediate preoperative measured 
weight. Awareness of the preoperative baseline 
daily urine output can assist with decisions on 
perioperative fluid therapy planning [13].

In autosomal dominant polycystic kidney dis-
ease there is a generally reported association of 
hernia and diverticulosis. The postoperative PD 
insertion outcomes are similar to unaffected 
patients. Preoperative awareness of polycystic 
kidney disease is useful in planning peritoneal 
entry, careful scrutiny of the abdominal wall and 
preoperative catheter site mapping [14].

A history of paraesophageal or Morgagni her-
nia may be associated with symptomatic enlarge-
ment or recurrence following peritoneal dialysis 
institution. Sliding hiatal hernias identified pre-
operatively are not reported to be problematic 
[15, 16].

�Review of Systems

Symptoms of orthopnea or PND may suggest 
evaluation for fluid overload that can be opti-
mized prior to supine positioning for surgery. 
Palpitations may suggest hypokalemia, hyperka-
lemia or other electrolyte disturbance all com-
mon in this patient subset [17].

A history of excessive snoring, somnolent 
respiratory pauses, or diurnal drowsiness may 
indicate obstructive sleep apnea syndrome. 
Awareness by the Anesthesiologist is especially 
valuable for PD insertion under local anesthetic 
and sedation where excessive abdominal wall 
motion in the oversedated sleep apneic can impair 
intraperitoneal visibility.

�Past Surgical History

If patient has received a renal transplant, infor-
mation on recent or ongoing immunosuppressive 
therapy can be useful in perioperative manage-
ment, particularly in identification of need for 
perioperative stress dose steroids.

A ventriculo-peritoneal shunt still permits 
safe dialysis catheter peritoneal access surgery. 

Concerns for increased meningitis risk are not 
supported in reported cases. Tactical preoperative 
mapping to avoid injury to the existing shunt is 
sufficient [18–20].

Recent fundoplication may predispose to peri-
toneal dialysate transdiaphragmatic leak and her-
niation [21].

A history of breast implants still in situ is a 
relative contraindication to presternal peritoneal 
dialysis catheter implantation. The risk of implant 
injury during presternal tunneling of the extended 
catheter and subsequent secondary infection of 
the implant in case of a tunnel infection are the 
concerns [22].

A history of prior peritonitis, visceral perfora-
tion, intraabdominal or pelvic surgery all raise 
concerns for intraperitoneal adhesion. Peritoneal 
adhesions are reported in up to 90% of patients 
with a history of major abdominal surgery [23]. 
This rate is thought to be lower for patients with 
only a history of laparoscopic surgery. Lunderdorff 
prospectively randomized 105 patients with tubal 
pregnancy to laparoscopy versus laparotomy sur-
gery. In followup 73 of these patients selected a 
second look operation for assessment of tubal 
anatomy. At operation there were significantly 
more adhesions in the group randomized to lapa-
rotomy p  <  0.001 [24]. Keshvari et  al. noted at 
exploratory laparoscopy in 217 consecutive perito-
neal access procedures a 27% rate of intraperito-
neal adhesions among patients with prior 
abdominal surgery versus a 2.8% rate seen in those 
without prior abdominal surgery [25]. Increased 
complication rates are noted for fluoroscopic, 
blind percutaneous, and open surgery peritoneal 
dialysis catheter placement in patients with 
intraabdominal adhesions. The increased prob-
lems of catheter tip migration, catheter malposi-
tion, kinking, and tube blockage are largely averted 
with application of a laparoscopic approach in 
such cases [25, 26, 55]. Crabtree in a prospective 
series of 244 patients with prior abdominal sur-
gery, only 3.3% could not be implanted laparo-
scopically due to adhesions [27]. Therefore, 
laparoscopic peritoneal dialysis access can be 
safely attempted in patients with prior abdominal 
surgery or history of peritonitis. Ongoing peritoni-
tis, inflammatory bowel disease, carcinomatosis, 
astroschisis, omphalocele, bladder extrophy, and 
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diaphragmatic hernia, irreparable abdominal wall 
defects remain contraindications to peritoneal 
dialysis catheter placement in the pediatric and 
adult populations [28, 29].

�Past Medical History

The preoperative renal failure patient typically 
suffers from medical comorbidities, some being 
etiologic to their renal disease. These must be 
identified preoperatively and the condition must 
be optimized for anesthesia and surgery. 
Hypertension and diabetes mellitus represent the 
two most frequent comorbidities.

The prevalence of hypertension in the end 
stage renal disease population is 50–60% [30]. 
Hypervolemia and increased sympathoadrenal 
tone are the main drivers of secondary hyperten-
sion in chronic renal failure patients [31]. 
Davenport et  al. in a multicenter retrospective 
analysis of 183,609 general and vascular surgical 
patients found a 1.29% incidence of periopera-
tive adverse cardiac events. Multivariate analysis 
indicated no independent association of preoper-
ative hypertension with these adverse cardiac 
events [32]. Ajaimy in a retrospective cohort 
review of 209 adult preoperative renal transplant 
patients noted 53% presenting to the preoperative 
area with severe hypertension( diastolic bp >110 
or systolic bp >180). The preoperatively severe 
hypertensives had similar one year outcomes to 
those without severe hypertension [30]. Charlson 
studied 278 elective noncardiac surgery patients 
with hypertension and/or diabetes in a prospec-
tive observational trial. Preoperative hyperten-
sion (mean arterial pressure ≥ 110) was associated 
with intraoperative hypotension defined as >1 h 
with ≥20 mm Hg drop in mean arterial pressure 
(p  <  0.0001) [33]. There is no evidence that 
improved cardiac risk is achieved by postponing 
surgery to a subsequent date for better preopera-
tive blood pressure control [17, 34].

Routine antihypertensive therapy should be 
continued in the perioperative period [31]. Some 
authors have advised holding angiotensin con-
verting enzyme (ACE) inhibitors and angiotensin 
receptor blockers (ARBs) the morning of surgery 
[35]. The American College of Cardiology and 

American Heart Association (ACC/AHA) guide-
lines find continuation of ACE inhibitors and 
ARB’s perioperatively is reasonable as no out-
come difference is demonstrated despite more 
frequent transient intraoperative hypotension 
[36]. Avoidance of perioperative hypotension to 
preserve residual renal function may be the 
appropriate priority in renal failure patients. It is 
reasonable to hold these agents in the immediate 
preoperative period. Avoidance of perioperative 
hypotension may better preserve residual renal 
function [33]. Good blood pressure control with 
close monitoring facilitates this goal. The periop-
erative management of hypertension consists in 
continuation of baseline preoperative therapy, 
limiting the use of hypertension inducing drugs, 
and acute control with short acting agents as 
needed. Rescheduling of surgery for preoperative 
hypertension should be rare.

Platinga in a review of 8188 US patients found 
a 40% incidence of chronic kidney disease in dia-
betic patients and a 17% incidence in prediabet-
ics [37]. The 2013 European Renal 
Association–European Dialysis and Transplant 
Association (ERA-EDTA) Registry identified 
diabetes as the primary cause in 24% of incident 
end stage renal disease patients. Goodenough 
et  al. in a prospective review of 438 colon and 
bariatric surgery patients demonstrated a twofold 
increased rate of major complications with an 
elevated preoperative Hba1c ≥6.5%. Although 
hba1c preoperative reduction is achievable, there 
is lack of evidence that delay of surgery to 
achieve this goal improves postoperative out-
comes [38, 39]. Kwon et al. performed a multi-
center retrospective review of 11,633 patients 
undergoing elective colorectal and bariatric sur-
gery. Patients with perioperative hyperglycemia 
glc > 180 mg/dl had significant 2 fold increased 
rate of infection, as well as increased risk of 
reoperation, and a 2.7 fold increased in hospital 
mortality. Most importantly this risk was reversed 
by using perioperative insulin for glycemic 
control [40]. The authors find that conventional 
glycemic management should suffice [39, 41]. 
Delay of PD access surgery in type II diabetics 
for optimization of glycemic control is rarely 
indicated as long as adequate sliding scale insulin 
therapy is used perioperatively [191].

4  Perioperative Planning Assessment and Preparation
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�Family History

Response of the patient or family to anesthesia 
and any prior sensitivities or adverse reactions is 
elicited. A personal or family history of poor sus-
ceptibility to local anesthetics is best identified 
prior to scheduling a catheter insertion under 
local anesthesia [42, 43].

�Social History

Pet ownership history is useful due to the risk of 
biting or clawing of PD catheter tubing and resul-
tant peritonitis risk. The patient’s ability to 
exclude cats and other domesticated animals 
from the room while dialysis exchanges are per-
formed is required [44].

Smoking if present should be discontinued 
6–8 weeks prior to surgery.

Patients with active drug or alcohol abuse 
should be preoperatively carefully screened to 
assure ability with available home support to 
comply with therapy, otherwise catheter place-
ment for home therapy is contraindicated [45].

�Allergy

Antibiotic allergies particularly to cephalospo-
rins or vancomycin and allergies to topical adhe-
sives may help with selection of perioperative 
prophylaxis and postoperative surgical site dress-
ings [43]. A history of iodinated contrast allergy 
should be identified if fluoroscopic PD access is 
being considered [17].

�Medications

Nephrotoxic drugs should be avoided to the 
extent possible even in patients with end stage 
renal disease. Nongnuch et al. in a large observa-
tional prospective international trial correlated a 
35–47% reduced mortality risk with every 1 ml/
min of preserved residual renal function [46]. In 
children with end stage kidney failure superior 
growth velocity, decreased left ventricular hyper-
trophy, and decreased rates of PD associated 

peritonitis are noted protective effects of residual 
renal function [18, 47, 48].

�Physical Examination

A comprehensive physical exam is necessary for 
potential peritoneal dialysis to help assess the 
candidacy of the patient and help minimize risk. 
Below is a summary of pertinent components of 
the exam.

�Skin

Careful screening for cutaneous infection is ben-
eficial [43]. In a retrospective review of 164 
patients by Tiong et al. 3 patients developed peri-
tonitis within a month of PD catheter insertion. 
All three of these patients had ongoing cutaneous 
infection, these included 1 groin abscess, 1 fore-
arm abscess, 1 above knee amputation site wound 
infection [26]. Torso intertriginous or any derma-
titis should be addressed prior to surgery if pos-
sible, and planned incision and catheter exit sites 
should be marked to avoid these areas.

�Cardiac

Cardiac auscultation for pericardial rub may indi-
cate uremic pericarditis that might benefit from 
preoperative optimization. A gallop may indicate 
preoperative heart failure to be addressed.

�Lungs

A respiratory finding of rales may indicate fluid 
overload. Diminished breath sounds may indi-
cated pleural effusion. Tachypnea and Kausmal’s 
breathing can occur in respiratory compensation 
for metabolic acidosis of renal failure.

�Abdomen

The abdominal exam is probably the most impor-
tant in planning for peritoneal dialysis catheter 
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insertion. Inspection may reveal obesity, pannus, 
skin infections and scars which may affect tunnel 
and exit site mapping. Scars may signify prior 
surgery and need to be confirmed by the surgical 
history. The presence of a pannus is notable and 
site planning is needed to avoid emergence of the 
dialysis catheter tunnel within this fatty fold and 
the associated deleterious excess catheter mobil-
ity. The abdominal shape must be carefully con-
sidered to select an optimal convex, patient 
visible and nondependent catheter exit. In the 
very obese this will usually be upper abdominal 
or presternal. The presence of an ostomy, a 
chronic tube drain such as gastrostomy, long term 
drain, or percutaneous cystostomy all necessitate 
siting the catheter exit and tunnel at a distance 
away.

A careful and thorough exam for ventral, 
umbilical and inguinal hernias is crucial since 
abdominal wall hernia is reported in 5–20% of 
patients for peritoneal dialysis catheter place-
ment. Half of these are noted preoperatively and 
half are noted intraoperatively. Peritoneal dialy-
sis candidates with prior abdominal surgery have 
higher prevalent rates of hernia [49, 50]. 
Autosomal dominant polycystic kidney disease 
patients have prevalence rates of abdominal wall 
hernia as high as 45% [51]. Increased intraab-
dominal pressure and weakening of the abdomi-
nal wall may play a role not only in polycystic 
kidney disease patients but also in chronic PD 
patients [51, 52].

The prevalence of clinically apparent abdomi-
nal wall hernia in chronic PD patients is reported 
at 10–25% due to the increase in resting intra-
peritoneal pressure up to five times normal [53, 
54]. Garcia Ureħa in a prospective observational 
study of 122 incident PD patients diagnosed 17% 
with hernias. Of these hernias 1/3 were identified 
postoperatively during a mean 24  month fol-
lowup [52]. De Ugarte et al. in a pediatric single 
institution retrospective review with 72  month 
median surveillance found a 14% reoperation 
rate for hernia after PD catheter insertion [3]. 
Hernias in adults and children frequently increase 
in size with dialysis and are a significant source 
of dialysate leak. Therefore all hernias should be 
repaired prior to initiation of PD. Hernia repair 
can usually be undertaken at the same time as 

insertion making pre or intraoperative diagnosis 
very important. Unfortunately, If a patient has an 
irreparable abdominal wall hernia, this absolutely 
precludes successful peritoneal dialysis [55].

�Neurologic

Neurologic evaluation should confirm basic 
visual acuity, dexterity, cognitive ability, and 
coordination. The patient will need to perform 
site care directly if an abdominal exit or using a 
mirror if a presternal exit site is selected [22]. 
Blindness is not a contraindication for assisted 
peritoneal dialysis.

�Extemity

Extremity evaluation of any arteriovenous fistula 
or graft and its patency, identification of hand 
dominance, and future plans for dialysis can 
inform preoperative intravenous line site selec-
tion. Excess peripheral edema may indicate the 
need for preoperative diuresis [13].

�Recommended Screening Labs

�Urinanalysis

Urinanalysis is recommended as any identified 
urinary tract infections should be treated prior to 
peritoneal access placement.

�Basic Metabolic Profile

Baseline Electrolytes Blood Urea Nitrogen, and 
Creatinine are recommended. A preoperative 
serum potassium is helpful as preoperative end 
stage renal failure patients are often hyperkale-
mic [31, 56]. Pinson et  al. noted a 19% rate of 
perioperative hyperkalemia in chronic renal fail-
ure patients [57]. A complete blood count is indi-
cated as anemia is routinely present in this patient 
population. Leukocytosis may lead to identifica-
tion of unsuspected infection. Thrombocytopenia 
is not uncommon in renal failure patients and 
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may necessitate withdrawal of causative medica-
tion preoperatively or perioperative precaution-
ary monitoring and intervention.

�Complete Blood Count

Although platelet transfusion is typically favored 
for preoperative patients with a platelet count 
below 50,000/mm3, hemolytic uremic syndrome 
have relative contraindication to platelet transfu-
sion. In a retrospective review by Weil et al. 26 
patients were identified with a mean platelet 
count of 37,100/mm3. These patients underwent 
surgical peritoneal dialysis access placement and 
no bleeding complications were noted. The 
authors suggest that most thrombocytopenic chil-
dren with hemolytic uremic syndrome requiring 
peritoneal dialysis can have their catheters placed 
without the need for platelet transfusion [58].

�Pregnancy Test

Preoperative pregnancy testing is recommended 
in potentially fertile women. Although fertility 
rates are decreased in end stage renal disease 
pregnancy during dialysis is increasingly being 
reported. In women on dialysis results may be 
difficult to interpret as serum hcg levels may be 
elevated in the absence of pregnancy [59–61].

�Coagulation Studies

Coagulopathy is ubiquitous in end stage renal 
disease. Platelet adhesion and aggregation are 
deficient in chronic kidney disease [62]. Bleeding 
occurs in up to 50% of prevalent renal failure out-
patients. This most commonly presents with 
excessive bruising, bleeding at venipuncture 
sites, menorrhagia, gastrointestinal bleeding, and 
in the retroperitoneum. Chronic kidney disease 
patients have a fivefold increased risk of intracra-
nial hemorrhage than the general population [63]. 
An observational review of 1503 venous throm-
boembolism patients demonstrated a twofold 
increased short and long term major bleeding risk 

for patients with stage IV and V chronic kidney 
disease [64]. Prothrombin Time ( INR) and 
Partial Thromboplastin Time ( PTT) may detect 
coagulation disorders that might result in exces-
sive procedural blood loss. These are recom-
mended for screening by some authors [13, 65]. 
Without suggestion of bleeding tendency by his-
tory, medication list, and physical findings the 
INR and PTT were not tested in most peritoneal 
access case series [17]. Template Bleeding Time 
is not routinely useful in the preoperative screen-
ing of renal failure patients. There is poor corre-
lation of bleeding time and the occurrence of 
perioperative bleeding [66].

�Electrocardiogram

In the general population preoperative ECG for 
noncardiac surgery is rarely helpful in the asymp-
tomatic general population without known car-
diovascular disease (2014 ACA/AHA and ESC 
and ESA guidelines) [36]. In the renal failure 
population given the high frequency of cardio-
vascular disease and arrhythmias, a baseline pre-
operative ECG is useful.

�Chest X-Ray

A chest radiograph is not routinely indicated pre-
operatively unless a specific clinical indication 
presents [13, 17].

�Other Imaging

Imaging for hernia may be considered due to the 
clinical significance of even small hernias. A 
15% rate of peritoneal dialysis technique loss 
has been noted with the repair of hernias detected 
after peritoneal dialysis has been initiated [43, 
50, 67]. Additionally up to a third of hernias are 
diagnosed postoperatively [52]. Many of these 
clinically missed hernias can be detected intra-
operatively during catheter insertion with lapa-
roscopy [49]. Abdominal wall hernias in 
peritoneal dialysis preoperative patients in order 
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of incidence are umbilical, inguinal, incisional, 
then ventral. Reported higher risk subsets among 
renal failure patients include elderly males, nul-
liparous females, patients with autosomal domi-
nant polycystic kidney disease, mitral valve 
prolapse, systemic lupus erythematosus, low 
body weight, history of prior laparotomy, and 
history of prior herniorraphy [67].

Peritoneoscintigraphy is known to be a sensi-
tive imaging test for hernia. Kopecky et al. con-
ducted a prospective observational trial of 48 
patients without clinical suggestion of hernia 
shortly after initiation of CAPD. During a mean 
11.5  month followup, although 14 patients had 
scintigraphically detected abdominal wall 
defects, only 4 of these (29%) had progression to 
clinical evidence. This is therefore not a useful 
screening preoperative test [68].

Preoperative imaging is suggested in patients 
with symptoms or history suggestive of abdomi-
nal wall hernia unconfirmed by a thorough phys-
ical examination. This is particularly applicable 
when an open surgical, Y-TEC peritoneoscopic, 
percutaneous fluoroscopic or blind percutaneous 
insertion is planned, since laparoscopy allows 
visual inspection for hernias intraoperatively. 
The favored noninvasive testing modality in 
order of decreasing sensitivity include noncon-
trast MRI, non intravenous contrast CT, and 
abdominal wall musculoskeletal ultrasound 
[69–71].

�Patient Risk Stratification

Perioperative risk stratification guides patient 
selection, informed consent, preoperative prepa-
ration of the patient, periprocedural monitoring, 
and optimal deployment of the multidisciplinary 
team.

The most widely utilized risk evaluative tool 
is the American Society of Anesthesiologist 
physical status classification (ASA) Table 4.1.

The majority of peritoneal access surgery 
patients will be categories ASA III or IV [73, 
74]. In patient’s deemed at prohibitive risk for 
general anesthetic alternative options can be 
planned. These options include laparoscopic 
catheter placement under local anesthetic, open 
surgical insertion under local anesthetic, open 
surgical insertion under TAPP (transverses 
abdominis plane block), open surgical insertion 
under spinal anesthethetic, Y tec peritoneo-
scopic or percutaneous methods under local 
anesthetic [75–77].

�Pulmonary

Pulmonary patient risk stratification depends on 
identification of risk factors, use of a pulmonary 
stratification tool when there is concern, and lib-
eral utilization of perioperative risk mitigative 
strategies.

Table 4.1  ASA classification

ASA class Definition Examples

ASA I A normal healthy patient Healthy nonsmoker

ASA II Mild systemic disease Mild diseases, smoker, controlled DM(diabetes mellitus or 
Htn (hypertension) BMI(body mass index) >30 up to 40

ASA III Severe systemic disease Moderate to severe diseases ESRD (end stage renal disease) 
on regular dialysis, COPD, BMI > 40
Poorly controlled Htn or DM

ASA IV Systemic disease that is a constant 
threat to life

ESRD not on regular dialysis, recent myocardial infarction, 
recent cerebrovascular accident, recent transient ischemic attack, 
coronary artery stent placement less than 3 months prior, 
ongoing cardiac ischemia

ASA V Moribund patient not expected to 
survive without operation

Ruptured abdominal or thoracic aneurysm, ischemic bowel 
with cardiac or multiorgan system dysfunction

ASA VI Brain dead organ removal for donor 
purposes

Source: (Adapted ASA web site) [72]
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The preoperative history and physical can 
screen for the following pulmonary risk factors. 
Further more specific testing ordered on basis of 
elicited findings.

Risk factors for periprocedural pulmonary 
complication include:

	 1.	 Chronic obstructive pulmonary disease 
(COPD)

	 2.	 Age > 60
	 3.	 Cigarette smoking
	 4.	 Congestive heart failure ( CHF)
	 5.	 ASA class ≥ II
	 6.	 Functional Dependence (need for device or 

human assistance with activities of daily 
living)

	 7.	 Obstructive Sleep Apnea Syndrome
	 8.	 Pulmonary hypertension (correlates with 

increased perioperative chf, hemodynamic 
instability, and respiratory failure)

	 9.	 Use of general anesthetic for planned perito-
neal access catheter surgery

	10.	 Serum albumin less than 3.5 g/dL
	11.	 Emergency Surgery
	12.	 BUN ≥ 21 mg/dL or Cr > 1.5 mg/dL

Risk Stratification when indicated may 
utilize 2 accessible pulmonary patient risk indi-
ces. The NSQIP (National Surgical Quality 
Improvement) Surgical Risk Calculator for 
postoperative pneumonia risk, and ARISCAT 
(Assess Respiratory Risk in Surgical Patients in 
Catalonia). Both tools are extensively validated. 
The NSQIP Surgical Risk Calculator is demon-
strated to have a very high predictive discrimi-
natory correlation for postoperative pulmonary 
complication [78].

Canet et al. developed the ARISCAT in 2010, 
an externally validated major perioperative pul-
monary risk index. This prognosticator utilizes 
seven weighted clinical factors. These risk fac-
tors are age, history of respiratory infection with 
a month before surgery, the anatomic site of 
planned surgery, the duration of the procedure, 
the operative urgency, and the preoperative oxy-
gen saturation. In a multicenter validation trial 
5099 consecutive nonobstetric patients had inpa-
tient surgery under general, neuraxial, or plexus 

block anesthesia. Patients were followed in this 
study throughout their postoperative hospital stay 
for up to 5 weeks. A C statistic of 0.80 was real-
ized, demonstrating a high predictive discrimina-
tion for patients having or not having postoperative 
pulmonary adverse outcome [79, 80].

�Pulmonary Risk Mitigative Strategies

1. Smoking cessation for at least 8 weeks prior 
to surgery. Some data suggest that preoperative 
smoking cessation for less than 6  weeks may 
increase perioperative pulmonary risk [81]. 2. 
Excellent preoperative control of asthma 
reverses the perioperative asthmatic risk of gen-
eral anesthesia [82]. Perioperative bronchodila-
tor therapy can be useful in COPD, asthma, and 
pulmonary hypertension. Inhaled corticosteroid 
therapy can optimize perioperative asthma and 
COPD.

�Cardiovascular

Cardiac risk: A 28–41% adult prevalence of isch-
emic heart disease at initial dialysis is interna-
tionally reported [83]. The hemodialysis 
population has been reported to have a 35 fold 
higher annual cardiovascular mortality compared 
to the general population [83]. Left ventricular 
hypertrophy, diastolic dysfunction, coronary 
artery disease, and hypertension are very common 
in end stage renal disease patients. Perioperative 
cardiac risk markers are categorized as active car-
diac conditions or as clinical cardiac risk factors. 
Active cardiac conditions require cardiovascular 
investigation, and treatment prior to surgery. 
These are listed in Table 4.2 below. Clinical car-
diac risk factors such as compensated heart fail-
ure and diabetes mellitus do not require routine 
preoperative noninvasive cardiac testing for peri-
toneal dialysis access surgery [84].

Surgical procedures can be classified in terms 
of their inherent cardiac risk level. The American 
College of Cardiology and the American Heart 
Association guidelines stratify noncardiac sur-
gery into low <1%, and high >1% risk levels for 
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30  day major adverse cardiac events. Major 
adverse cardiac events being defined to include 
myocardial infarction, pulmonary edema, ven-
tricular fibrillation, primary cardiac arrest, and 
complete heart block. Germane factors that influ-
ence this stratification include anticipated periop-
erative blood loss, operative fluid shifts, and 
duration of surgery. By these criteria peritoneal 
dialysis access procedures have an inherently low 
cardiac risk [36].

The overall cardiac risk stratification must not 
only consider the inherent procedural risk, but 
also consider the procedural timing urgency, and 
the cardiac comorbidities of the patient [17, 36]. 
Any of three preoperative cardiac risk stratifica-
tion models are recommended by the ACC. These 
are the RCRI revised cardiac risk index, NSQIP 
derived MICA myocardial infarction and cardiac 
arrest calculator, and the NSQIP national surgical 
quality improvement program broad surgical risk 
calculator [85].

The Revised Cardiac Risk Index (or Lee 
Index) counts the preoperative presence of six 
equally weighted factors: coronary artery dis-
ease, heart failure, cerebrovascular disease, dia-
betes mellitus requiring insulin, high risk 
noncardiac surgery, and renal insufficiency 

(Cr > 2 mg/dl). Elevated risk (major adverse peri-
operative cardiac event >1%) is predicted if two 
or more risk factors are present [141]. This 
method overestimates the risk of peritoneal dialy-
sis access surgery.

The NSQIP derived MICA risk model assesses 
risk of myocardial infarction or cardiac arrest in 
the 30 day perioperative period. The independent 
patient variables for this model are ASA 
(American Society of Anesthesiologist) class, 
functional status, age, Cr >1.5 g/dl, and type of 
surgery. This model is derived from data on 
>400,000 patients [32].

This third risk model applies to cardiac, pul-
monary and a broad array of perioperative risk. 
The American College of Surgeons NSQIP 
online risk calculator tool uses 20 patient vari-
ables built on a database of 2.7 million opera-
tions. It predicts perioperative mortality and 
morbidity modeled for 11 outcomes. As of 2016 
this tool includes procedure specific outcome 
prognostication for laparoscopic, percutaneous, 
open peritoneal dialysis catheter insertion and 
catheter removal. The predictions of this calcula-
tor correlate very closely with clinically observed 
patient complication rates [188, 189]. This broad 
prognosticator is available for pediatric perito-
neal dialysis access patients as well [86].

�Bleeding

Bleeding risk at time of surgery and postopera-
tively are a concern given the known platelet dys-
function and common anticoagulant use in 
chronic kidney disease patients (Table 4.3). Mital 
et  al. retrospectively reviewed 263 consecutive 
patients after surgically placed Tenckhoff cathe-
ters. They evaluated the incidence of periopera-
tive major bleeding complications. Major 
bleeding was defined as ≥3% decline in hemato-
crit, or the need for surgical intervention or blood 
transfusion within 2  weeks of insertion. A 2% 
rate of major bleeding was identified. A third of 
the patients with major bleeding were thrombo-
cytopenic preoperatively. Half of the major 
bleeds were in patients on preoperative warfarin 
or postoperative heparin [65].

Table 4.2  Preoperative cardiac risk factors

American College of Cardiology/American Heart 
Association Perioperative Cardiac Risks

Active Cardiac Conditions
Unstable coronary syndromes
 � Myocardial infarction (≤30 days)

 � Unstable or severe angina (Canadian class III or IV)
Decompensated heart failure

Significant arrhythmias
 � High-grade atrioventricular block
 � Symptomatic ventricular arrhythmias with 

uncontrolled ventricular rate
 � Supraventricular arrhythmias with uncontrolled 

ventricular rate
Severe valvular disease
Clinical Cardiac Risk Factors
Compensated or prior heart failure
Renal Insufficiency
History of ischemic heart disease
Diabetes Mellitus
History of cerebrovascular disease

Adapted (Cardiac Risk Stratification for Noncardiac 
Surgery Grasso and Wael [84])
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�Bleeding Risk Table

Early preoperative interdiction can be initiated 
at time of consultation when an elevated bleed-
ing complication risk level is prospectively 
identified. These measures include amelioration 

of anemia, and a short course of estrogen 
therapy.

Anemia associated with chronic kidney dis-
ease is frequent. Improvement of anemia reduces 
uremic surgical bleeding through platelet func-
tion effects including increased platelet endothe-
lial interaction. Recombinant erythropoietin is a 

Table 4.3  Reported bleeding rate as complication of PD catheter insertion [3, 4, 9, 10, 25, 65, 77, 87–107]

Case series authors Reported bleeding rate Comments

Case series Bleeding episodes/total patients Description

Fluoroscopic Percutaneous

Vaux et al. (2008)
Medani et al. (2012)
Moon et al. (2008)

0/209
0/151
1/134

No clinically significant bleeding
No clinically significant bleeding

Ozener et al. (2001) 5/133

Perakis et al. (2009) 5/86

Reddy et al. (2010) 4/64

Voss et al. (2012)
Jacobs et al. (1992)

0/51
3/45

Zaman et al. (2005) 1/36

Maya et al. (2007)
Trung et al. (2013)

0/32
2/30

No clinically significant bleeding

Chula et al. (2013) 2/26

Open Surgical Placement

Rinaldi et al. (2004)
Mital et al. (2004)
Li et al. (2012)
Phan et al. (2012)
Robison et al. (1984)
Carpenter et al. (2016)
Medani et al. (2012)
Stone et al. (2013)
Yeh et al. (1992)
Ozener et al. (2001)
Park et al. (2014)
Perakis et al. (2009)
Gadallah et al. (1999)
Radtke et al. (2015)
Kim et al. (2015)

6/503
6/292
20/244
0/214
3/173
0/173
0/162
0/134
4/115
0/82
0/78
2/75
0/72
0/70
7/60

Hemoperitoneum
Minor pericannular bleeds
Pediatric series
Pediatric series
Pediatric series
Pediatric series
Pediatric series five of the 7 were 
minor bleeds

Blind Percutaneous

Medani et al. (2012)
Park et al. (2014)
Chula et al. (2013)

0/151
2/89
3/53

Pericannular bleeding
Minor bleeding

Peritoneoscopic

Asif et al. (2004)
Gadallah et al. (1999)

4/82
0/76

Blood tinged dialysate

Laparoscopic

Crabtree et al. (2009)
Attaluri et al. (2010)
Keshvari et al. (2010)
Penner et al. (2015)
Voss et al. (2012)

1/428
1/197
1/175
1/87
0/51

Port site abdominal wall bleeding
Reoperatively controlled
Delayed mild bleeding
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useful agent for optimizing hemostasis. A hema-
tocrit level of 30% is recommended. The benefit 
of further correction above 30% must be weighed 
against the increased thrombotic risk [63].

Estrogen administration safely and effectively 
improves procedural hemostasis in male and 
female patients with azotemia. Conjugated estro-
gen can be administered at a dose of 0.6 mg/kg 
intravenously over 30 min once daily for 5 days. 
This achieves a procoagulant effect on circulat-
ing factor VIII, von Willebrands factor, protein S, 
endothelial nitric oxide, and platelet ADP and 
thromboxane A2 levels. A 5–7 day preprocedural 
course provides maximal effect. Postoperative 
dosing is not necessary [63, 108–110].

�Anti-platelet Therapy

Cardiovascular risk is prevalent among end stage 
renal disease patients. Among pediatric renal 
failure patients left ventricular hypertrophy is 
noted in >80% at initiation of dialysis. 
Cardiovascular disease is causative in 20–40% 
of deaths in pediatric end stage kidney failure 
[47]. Adults with end stage kidney disease have 
a 20–50 fold increased risk for premature cardio-
vascular disease compared to the general popu-
lation [83, 111, 112]. Cerebrovascular risk is 
also elevated in renal failure patients. A 2015 
meta-analysis by Masson et  al. included over 
30,000 strokes identified a linear relation of GFR 
and stroke risk. A 7% increased stroke risk was 
noted for every 10 ml/min/1.73 m2 decrease in 
GFR [113].

As a result of the prevalence of cardiovascular 
disease, atrial fibrillation, and cerebrovascular 
disease among renal disease patients long term 
antiplatelet and anticoagulation therapy are a fre-
quent issue in preoperative planning. The sur-
geon or interventionalist in collaboration with 
consultants must balance the relative periopera-
tive risk of bleeding and the risk of thromboem-
bolism to develop a patient specific optimal 
strategy. This includes timing of withholding 
anticoagulants, approaches of coagulopathic 
reversal, bridging protocols, and timing the 
resumption of maintenance therapy.

Let us start with the component best known to 
the surgeon or interventionalist. According to the 
ACC/AHA (American College of Cardiology 
and the American Heart Association) operative 
bleeding risk is now stratified as:

Low <2% 2  day risk of major periprocedural 
bleed and

High  >  2% 2  day risk of major periprocedural 
bleed.

Low risk procedures include pacemaker or 
cardiac defibrillator insertion, abdominal hernia 
repair, axillary node dissection, dental extraction, 
or cholecystectomy [114]. Peritoneal dialysis 
access insertion based on broad historical experi-
ence has a low operative bleeding risk.

�Chronic Oral Anticoagulation

Oral anticoagulant therapy is often encountered 
in the severe or end stage renal disease patient 
(gfr < 30). The prevalence of atrial fibrillation in 
this group has been noted in up to 20% [116]. 
Preoperative warfarin or novel oral anticoagu-
lants require thoughtful decisions on the need for 
interruption of therapy, use of parenteral bridging, 
and postoperative resumption of oral therapy. 
Interdisciplinary consultation is advisable as 
there are no large randomized trials that assess 
the risk benefit of full anticoagulation in severe 
renal failure patients. Cataract, dermatologic, 
implantable cardiac device insertion, and dental 
extractive surgery are safely conducted under full 
oral anticoagulation [121, 177, 190]. Although 
PD access surgery is also a low bleeding risk pro-
cedure, the potential for hidden intraperitoneal 
bleeding favors a conservative approach. In the 
absence of specific studies of PD access surgery 
on full oral anticoagulant therapy the table below 
summarizes pharmacologic guidance from avail-
able data in renal disease patients with gfr 15–30 
(Table 4.4). The nature of the anticoagulant, its 
antidote, the elimination half life in renal impair-
ment, and options of management based on a 
patient’s thromboembolic risk. Bridging therapy 
is discouraged when avoidable due to increased 
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bleeding risk compared to uninterrupted thera-
peutic anticoagulation.

Chronic antiplatelet therapy is frequently 
encountered in preoperative peritoneal access 
patients. Colette et  al. in a multicenter regional 
study of 502 incident hemodialysis patients 
found a 61.3% prevalence of chronic antiplatelet 
therapy [115]. Agents commonly used for anti-
platelet therapy include aspirin, P2Y12 receptor 
inhibitors such as clopidogrel (Plavix) prasugrel 
(Effient) and ticagrelor (Brilinta) [116].

Aspirin therapy that is indicated for cardiac or 
vascular indications may be continued periopera-
tively without interruption for low bleeding risk 
procedures (2014 American College of Cardiology/
American Heart Association Guidelines, 2014 
European Society of Cardiology/European Society 
of Aneaesthesiology Guidelines) [36, 120].

The POISE-2 trial randomly assigned 10,010 
noncardiac preoperative patients at risk for vas-
cular complications to low dose perioperative 
aspirin or placebo. The 30 day death or nonfatal 
MI rate was statistically not different at 7% for 
both groups. The major bleeding rate in the aspi-
rin treated group was higher (4.6% versus 3.8%, 
p = 0.04, [117].

Shpitz et al. prospectively evaluated the effect 
of low dose aspirin (mostly 100  mg daily) on 
postoperative bleeding in end-stage renal disease 
patients. These patients underwent 52 consecutive 
open surgical peritoneal dialysis catheter place-
ments or removals. Twenty-nine patients were on 
aspirin and this was continued perioperatively 
without interruption 23 control patients were not 
on chronic aspirin therapy. There was a 17.2% 
minor bleeding rate in the aspiring group and a 

Table 4.4  Half-life of various oral anticoagulant drugs [178–187]

Oral anticoagulant
Therapy alonea

T½ 
elimination
gfr 15–30 ml/
min

Low thrombotic risk 
patient
Time from last 
anticoagulant dose to 
incision
4–5 t½

Moderate thrombotic 
risk patient
Time from last 
anticoagulation dose 
to incision
2–3 t½

High thrombotic risk 
patient
Time from last 
anticoagulation dose to 
incision

Warfarin
Vitamin K antagonist
Reversal vitamin k
FFP, PCCb

35 h Hold 5–7 days Hold 3–4 days Uninterrupted warfarin
versus
5–7 day warfarin hold 
with heparin bridge

Dabigatran (Pradaxa)
Direct thrombin
Inhibitor
Reversal hemodialysis, or 
idarucizumab

27.5 h 5–6 days 2–3.5 days Uninterrupted 
dabigatran versus 
5 day hold with 
heparin bridge

Rivaroxaban (Xarelto)
Direct factor Xa inhibitor
Reversal PCCb

Adexanet alfac

9.5 h 2 days 1 day Bridge usually 
unnecessary due to 
rapid onset offset of 
effect

Apixaban (Eliquis)
Direct factor Xa inhibitor
Reversal PCCb

Adexanet alfac

17.3 h 3 days 2 days Uninterrupted 
dabigatran versus
3 day hold with 
heparin bridge

Edoxaban (Savaysa)
Direct factor Xa inhibitor
Reversal PCCb

Adexanet alfac

17.5 h 3 days 2 days Uninterrupted 
edoxaban
versus
3 day hold with 
heparin bridge

FFP fresh frozen plasma
aNot combined with antiplatelet therapy
bPCC prothrombin complex concentrate
cAdexanet alpha undergoing premarket clinical trials
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13% bleeding rate in the control group. Only one 
major bleed occurred and this was in the control 
group. 2/3 of the bleeding observed occurred with 
catheter removal. From this data the authors con-
clude that PD catheter insertion or removal can be 
safely performed with uninterrupted conventional 
low-dose aspirin therapy [118].

Large trials on perioperative aspirin use in 
renal failure patients are lacking. In Summary, 
the cardiology society guidelines, POISE 2 trial 
results, Shpitz data, and the low bleeding risk of 
peritoneal dialysis access surgery suggest safety 
in perioperative continuation of chronic aspirin 
therapy when medically indicated [36, 117, 
119–121].

Surgeons and Interventionalists have been 
even more reticent to continue P2Y12 platelet 
aggregation inhibition therapy periprocedurally. 
Among end stage renal disease patients clopido-
grel (Plavix) tends to have less bleeding risk than 
prasugrel or ticagrelor [122–124] Combined 
aspirin clopidogrel use without perioperative 
interruption demonstrated a 6.8 fold increased 
pocket hematoma risk in meta-analyzed cardiac 
implantable electronic device insertions [119].

In the largest retrospective trial of major 
noncardiac surgery involving 2154 patients, 
Strosberg et al. demonstrated no increased peri-
procedural bleeding with clopidogrel alone con-
tinued within 5  days prior to incision [125]. 
Furthermore, Chu et  al. performed the largest 
prospective randomized controlled trial of non-
cardiac surgical patients, and administered sin-
gle agent clopidogrel perioperatively. In 39 
patients they observed no difference in periop-
erative bleeding with uninterrupted versus a 
7 day preoperatively held clopidogrel [126]. A 
5–7 day preoperative hold of clopidogrel is his-
torically recommended. There is now sufficient 
data to suggest that low bleeding risk proce-
dures such peritoneal dialysis access can safely 
be performed without interruption of single 
agent clopidogrel. Dual agent aspirin and clopi-
dogrel perioperative use still requires careful 
consideration of thromboembolic proclivity, 
duration of need for dual antiplatelet therapy, 
bleeding risk, and alternative options for dialy-
sis access.

�Office Preoperative Preparation

�Preoperative Mapping and Planning 
of Insertion and Exit Site

PD catheter mapping is the most important pre-
operative step unique to peritoneal access place-
ment by the surgeon or interventionalist. 
Omission of adequate mapping predisposes to a 
litany of demonstrated complications including: 
Drain or infusion pain, catheter dysfunction, peri-
tonitis, catheter tip migration, superficial cuff 
extrusion, injury during subsequent operations. 
Increased risk of tunnel infection and exit site 
infection, as well as catheter kinking and patient 
discomfort at the exit site.

The primary objectives of mapping are to 
establish optimal catheter tip position, optimal 
catheter tunnel, and optimal exit site positioning. 
The catheter tip should be positioned in the pelvis 
sufficiently deeply to allow good dependent 
drainage, and decreased omental wrapping, as 
outflow dysfunction is a most common cause of 
catheter failure [103]. Drain pain is most com-
monly observed when the catheter tip is too 
deeply positioned in the pelvis. Clinically signifi-
cant drain pain occurs in 13–25% of patients. 
This estimate does not include patients who tol-
erate the pain, convert to manual exchanges, or 
convert to hemodialysis because of the pain 
[127]. Drain pain occurs by a siphoning effect 
against deep cul de sac fenestrated catheter tip 
apposition to sensitive parietal pelvic peritoneum 
[128–131].

The key to an optimal catheter tip placement is 
distal cuff abdominal wall mapping. Historically a 
number of landmarks have been used for deep 
cuff mapping. The anterior superior iliac spine, 
specified distance superior to planned exit site [6], 
some distance relative to umbilicus [43, 100, 132–
134], and pubic symphysis [43, 107]. An anthro-
pometric anatomic study by Crabtree et al. found 
a 21 cm variation in the distance of the umbilicus 
to the symphysis pubis in 200 adult patients. 
There was wide variation in the distance of the 
anterior superior iliac spine to the symphysis 
pubis making it an unreliable anatomic marker 
also. The pubic symphysis has been confirmed 
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laparoscopically to be a consistent externally 
identifiable landmark to catheter tip placement in 
the true pelvis [135].

Mapping of the deep cuff location is per-
formed in the office with the patient supine. A 
sample straight tip catheter can be used by posi-
tioning the first side hole of a straight catheter on 
the upper border of the symphysis pubis. If a 
curled tip catheter insertion is planned, the upper 
or proximal border of the coil can be placed over 
the pubic symphysis. The deep cuff location is 
then marked on the skin as the catheter is extended 
along the planned tunnel course. Some catheter 
manufacturers provide plastic marking stencils 
designed for this purpose also [1, 128, 135, 136]. 
The deep cuff position should be moved more lat-
erally to coincide with the rectus muscle position 
in patients with diastasis. Bilateral mapping may 
be considered in patients anticipated to have 
extensive lower abdominal adhesions [25].

The patient’s clothing or work tool belt line, 
nonvisible or inaccessible areas of the abdominal 
skin, cutaneous intertriginous, inframammary, or 
surgical scar folds, chronic dermatitis, inconti-
nence susceptible skin, planned sites of postop-
erative bath tub or whirlpool water exposure, bra 
lines, thicker portions of breast, gastrostomy or 
ostomy placement areas should be identified with 
the patient seated and supine. The belt line is best 
identified with patient dressed. Once these hazard 
zones are marked, a catheter configuration and 
exit site is selected that best avoids them. The 
catheter tunnel should eschew contact with exist-
ing or planned prosthetic abdominal wall mesh, a 
ventriculoperitoneal shunt, breast implants, mid-
line abdomen or midline sternum( risk of lapa-
rotomy or sternotomy operative catheter damage) 
[8, 22, 29, 55, 128, 137–140, 142–146].

Informed consent in peritoneal access proce-
dures includes good doctor patient communica-
tion in review of indications, risks, benefits, and 
alternatives. Setting rational expectations of out-
come, and explaining adjunctive procedures that 
may become indicated at laparoscopic explora-
tion is valuable. These include selective omento-
pexy, abdominal wall herniorraphy, adhesiolysis, 
epiploic appendage resection, ovariopexy, and 
fallopian tubopexy [8, 49, 165].

�Infection Prevention

Infection is a common early postoperative perito-
neal dialysis access complication. It is an over-
whelming and often avertable cause of catheter 
loss and peritoneal dialysis interruption. Tunnel, 
exit site, and peritoneal infection early after perito-
neal dialysis procedures are usually caused from 
endogenous microbes [5, 147, 148]. Staphylococci 
are the most frequently cultured organism. 
Selective preoperative nasal Staphylococcus 
aureus decolonization in peritoneal dialysis access 
may be prudent.

The close correlation between endonasal S.
aureus colonization and exit site infection has 
been known for greater than 20 years [43]. Lye 
et al. in a 4 year trial with 146 chronic PD patients 
found higher rates of exit site infection, peritoni-
tis, and catheter loss in nasal S. aureus carriers 
(p < 0.01) [149].

In prevalent peritoneal dialysis patients a 
broad genomic heterogeneity of S. aureus nasal 
colonization is consistently demonstrated. 
Clinical S. aureus infections during a 6  month 
trial by Aktas et al. found a 90% genomic concor-
dance with identified endonasal S. aureus [150]. 
Many earlier studies also confirm autologous ori-
gin of PD related peritonitis and exit site infec-
tions [151–153].

Two large studies in broad populations dem-
onstrate reduction in clinical early postopera-
tive infection when nasal and cutaneous 
staphylococcal decolonization is administered. 
Bode et al. in a randomized double blind pla-
cebo controlled trial, PCR rapidly screened 
general hospital admissions for nasal S. aureus 
colonization. 808 nasal S. aureus colonized 
patients had surgical procedures acutely after 
admission. The nasal mupirocin and chlorhexi-
dine bath treatment group had a 79% reduced 
risk of deep surgical site infection compared to 
placebo [154].

Schweitzer et  al. conducted the pragmatic 
STOP SSI multicenter trial with 38,000 car-
diac, knee and hip arthroplasty surgical 
patients. Despite a low (39%) protocol full 
compliance for nasal and cutaneous decoloni-
zation, treated subjects demonstrated a 40% 
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reduction in staphylococcal complex surgical 
site infections [155].

There is evidence to suggest decreased 
infection rates with the institution of mainte-
nance antistaphyloccal prophylaxis among 
prevalent PD patients. A 2004 Cochrane review 
found nasal mupirocin reduced exit site and 
tunnel infections in patients being dialyzed 
peritoneally [156]. Blowey et al. in a random-
ized controlled trial demonstrated a higher 
incidence of dialysis related infection among 
pediatric nasal S. aureus carriers. This was ren-
dered equivalent to noncarriers during the 
month following decolonization therapy [157]. 
In a multicenter double blind randomized pla-
cebo controlled trial the Mupirocin Study 
Group demonstrated a significant reduction in 
staphyloccal exit site infections with nasal 
mupirocin nasal decolonization in nasal carrier 
adult PD patients. Crabtree et al. carried out a 
2 year surveillance and nasal mupirocin treat-
ment of S. aureus carriers. The rates of perito-
nitis (p = 0.0002) and catheter loss (p = 0.01) 
were reduced in the treatment group compared 
to historic controls [158]. The nasal carriage 
rate of S. aureus is 20% in the general popula-
tion and higher among dialysis patients [154, 
155]. S. aureus nasal carriage confers a five to 
tenfold increased risk of staphylococcal surgi-
cal site infection [148]. The Italian Society of 
Nephrology Peritoneal Dialysis Study Group 
recommends bid nasal mupirocin prophylaxis 
for 3 days preoperatively and 3 days postopera-
tively. The International Society of Peritoneal 
Dialysis is ambivalent about the need for 
preoperative nasal decolonization due to lack 
of data on this specific indication. Preoperative 
nasal S. aureus screening and preoperative pro-
phylactic treatment of carriers can be recom-
mended on the basis of the information so far 
reviewed [8].

The benefit of preoperative chlorhexidine 
whole-body showering or bathing has not been 
adequately studied in preoperative peritoneal 
dialysis patients. The use of this low cost low 
risk potentially beneficial intervention is  
left to individual practitioner preference  
[159, 160].

�Preoperative Training

Preoperative training helps optimize outcomes 
following PD access insertion. Hall et al. in a 
longitudinal multicenter trial, assigned 620 
incident patients to conventional versus 
enhanced peritoneal dialysis training. The 
enhanced training patients demonstrated sig-
nificantly improve procedural compliance 
(p  <  .0001), lower exit site infection rates 
18.5/1000 patient months vs 31.8/1000 patient 
months (p  =  .00349), and lower infection 
related drop out rates from peritoneal dialysis 
1.6% vs 5.6% (p = .0069) [161].

In an International Society of Peritoneal 
Dialysis 76 center survey, longer pre-dialysis 
training times for families were associated with 
the lowest pediatric peritoneal dialysis related 
infection rates (p < 0.05) [162].

Bordin et  al. in a retrospective analysis of 
peritonitis rates at 120 dialysis centers found a 
strong correlation of improved peritoneal infec-
tion free duration with pre-dialysis education. A 
rate of 1 peritonitis episode/26 months improved 
to 1 peritonitis episode/32  months with pre-
dialysis education (p < 0.05) [163].

Pre-dialysis PD training time was noted to 
vary from 6 to 96  h in an international multi-
center survey [164]. ISPD guidelines advise thor-
ough training of patients and participating family 
members. Motor skills, concepts, procedures and 
problem solving in peritoneal dialysis home care 
must be assured through a standardized teaching 
plan [29, 161].

�PD Team Coordination

Collaboration within a team facilitates successful 
timing, fulfilling social supportive needs, and 
optimal delivery of care. The Renal Association 
UK, and the International Society for Peritoneal 
Dialysis recommend that each center establish a 
dedicated team involved in the implantation and 
care of peritoneal catheters [8, 166]. In addition, 
care coordination for optimal timing of PD cath-
eter placement improves the rate of successful 
peritoneal dialysis start [167]. The team consists 
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of Nephrologist, Primary care physician, medical 
specialists, nurses, social workers, perioperative 
staff, dialysis unit team, and interventionalist or 
surgeon. Nephrologists are the primary drivers of 
this team. When the decision is made a patient 
will begin PD, Education is begun at the dialysis 
unit, either by nurse or nurse practitioner and the 
patient is referred to surgeon or interventionalist. 
If the patient is to have surgical placement, an 
expedited process must take place of pre-op risk 
stratification and optimization. This is in combi-
nation with surgeon, primary care physician and 
appropriate medical specialist. Finally, the proce-
dure is accomplished with carful coordination 
with outpatient nephrology and the operating 
room team. Postoperatively the nephrologist and 
dialysis unit continue support for the patient, with 
the surgeon on standby in case there are complica-
tions. It should be noted that a surgeon and operat-
ing room team with interest, experience and skill 
in dealing with these complex patients is para-
mount to a successful process [168].

Team coordination of nursing assessment 
and social supportive needs can be critical to 
successful post implantation outcomes. For 
instance, impaired visual acuity is a barrier that 
can be overcome with well coordinated assisted 
PD in adults and children [169, 170]. If a pre-
sternal catheter placement is planned, a nursing 
evaluation prior to surgery can assure that the 
patient can perform exit site care using a mir-
ror. If not, then home assistance must be assured 
prior to catheter insertion in this position [22]. 
In addition, cognitive impairment is twofold 
more prevalent in elderly end stage renal 
disease patients than age matched cohort. With 
increasing age beyond 60 the pivotal value of 
reliable, trainable, home assistance enhances 
successful results. Developmental cognitive 
disability among younger patients also requires 
assurance of adequate home support for suc-
cessful PD [170–172]. Confirmation of this 
support can avert postoperative technique fail-
ure [173]. Finally, preoperative psychosocial 
screening team communication is essential to 
optimal outcomes because socioeconomic 
adversity, poor home conditions, poor hygiene, 

lack of space for storage of supplies, drug 
abuse, poor motivation to self care are all com-
petitive risks factors to successful reliable peri-
toneal access [169, 170, 174].

Advanced coordination with the 
Nephrologist, dialysis unit, and procedural 
scheduling is important. For patients with hemo-
dialysis access, a dialysis session the day before 
catheter insertion reduces uremic platelet dys-
function. It also allows optimization of electro-
lyte and fluid volume status at the time of 
catheter insertion. Postoperative catheter care, 
training, and initiation of peritoneal dialysis can 
be optimally sequenced in this way [34, 
175–178].

�Summary

A plethora of variables impact the establishment 
of functional, reliable, sustained peritoneal 
access for dialysis. Preoperatively the 
Interventionalist or Surgeon must identify the 
anatomic, physiologic, social, and medical risks. 
Once the patient’s candidacy is confirmed, a 
detailed strategy is elaborated to overcome any 
barriers to success by medical optimization, thor-
ough patient training, and detailed catheter map-
ping. This strategy is best realized by a 
collaborative team of nephrologist, medical spe-
cialists, nurses, social workers, perioperative 
staff, dialysis unit team, and interventionalist or 
surgeon.

The method of the enterprising is to plan with 
audacity and execute with vigor. (Christian 
N. Bovee)
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Overview of Catheter Choices 
and Implantation Techniques

Pierpaolo Di Cocco, Edwina A. Brown, 
Vassilios E. Papalois, and Frank J.M.F. Dor

�Decision-Making Algorithm 
for Peritoneal Dialysis 
(Patient-Centered)

The selection of dialysis modality is of great 
importance in planning a successful transition to 
renal replacement therapy in patients approach-
ing end stage renal disease (ESRD). It is increas-
ingly recognised that individuals, institutions, 
governments, and specialty societies may direct 
and subliminally influence the patient’s selection/
choice of dialysis modality. The most visible and 
widespread effort in this regard is the CMS 
(Center for Medicare and Medicaid Services) 
FISTULA FIRST National Vascular Access 
Improvement Initiative [1, 2]. Similarly, the 
International Society for Peritoneal Dialysis is 
stressing the underutilization of the peritoneal 
dialysis modality, especially in the Western soci-
eties [3].

Rather than emphasizing the doctrine of one 
modality fitting all, it is ethically and morally a 
better model to consider a patient driven 

approach, keeping in mind quality of life, out-
comes and costs. Consequently, the decision-
making algorithm for two similar patients may 
vary, based on individual circumstances.

This chapter describes the types of peritoneal 
dialysis catheters and implantation techniques 
applied for peritoneal dialysis, technical consid-
erations, and some of the related surgical 
complications.

�Anatomy

A basic knowledge of the anatomy of the anterior 
abdominal wall and peritoneal cavity is necessary 
for a better understanding of the various tech-
niques of catheter placement. The skin of the 
anterior abdominal wall is of moderate thickness 
and is relatively fixed on the underlying fascia 
and muscle layers (Fig. 5.1). The innervation of 
skin, fascia, muscles and parietal peritoneum of 
the anterior abdominal wall is segmental, mainly 
from the anterior primary rami of spinal nerves 
T6 to L1.

The main muscles of the abdominal wall 
are the rectus abdominis and pyramidalis mus-
cles, which are anterior; the external and inter-
nal oblique muscles and the transversus 
abdominis muscle, which are lateral (Fig. 5.2). 
The fibers of the rectus run vertically; those of 
the external oblique muscle run inferior and 
anterior; those of the internal oblique muscle 
run superior and anterior, and those of the 
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transversus run transversely. The major ves-
sels and nerves pass downward and medially 
in the neurovascular plane, between the trans-
versus abdominis and the internal oblique 
muscles (Fig. 5.3). Supplying the rectus mus-
cle and firmly adherent to its posterior surface 
are the epigastric vessels. These could be 

potentially damaged, particularly during a lat-
eral approach for surgical catheter insertion 
either with open or laparoscopic approaches. 
The rectus sheath appears as an elliptical tube 
with a strong anterior wall. The weaker poste-
rior wall only extends to just below the level 
of the umbilicus.

Skin  

Camper’s fascia  

Scarpa’s fascia 

External oblique muscle  

Internal oblique muscle  

Transverse abdominal muscle  

Transversalis fascia 

Endoabdominal
extraperitoneal fat

 
 

Parietal peritoneum  

  

Fig. 5.1  Section of the 
abdominal wall – coronal 
plane
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Fig. 5.2  Frontal (a) and transverse (b) planes of the 
abdominal wall muscles  – 1 Serratus anterior; 2 
Transversus abdominis; 3 Internal oblique; 4 External 

oblique; 5 Linea alba; 6 Tendinous intersection; 7 Rectus 
abdominis; 8 Aponeurosis of the external oblique
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�Types of Peritoneal Catheters

	(a)	 Acute peritoneal dialysis catheters

All catheters used for acute peritoneal dialysis are 
straight or slightly curved, relatively rigid tubing 
with numerous side holes at the distal end without 
any protective cuff. The implantation can be car-
ried out with Seldinger percutaneous, open or lapa-
roscopic insertion techniques. Acute peritoneal 
dialysis is still used in the management of acute 
and chronic renal failure in many developing coun-
tries [4, 5], where costs are a major limitation. In 
this setting, it is usually placed at the bedside under 
local anaesthesia, and catheters are used immedi-
ately after implantation. The absence of cuffs, a 
protection against bacterial migration, makes the 
incidence of peritonitis prohibitively high beyond 3 
days of use; if extended dialysis is necessary the 
acute catheters are periodically replaced.

	(b)	 Chronic peritoneal dialysis catheters

There are several types of catheters for chronic 
peritoneal dialysis; the basic structure is the 

same with an intraperitoneal portion, one or 
two cuffs, an inter-cuff segment and an exter-
nal portion (Table 5.1). They are constructed 
from silicone rubber or polyurethane and are 
flexible, and atraumatic to the bowel. Catheters 
are available with barium impregnated either 
throughout or as a radiopaque stripe to assist in 
the radiologic localization of the intra-abdomi-
nal section. The silicone rubber or polyure-
thane surface promotes development of 
squamous epithelium in the subcutaneous tun-
nel around the catheter, at the exit site and 
within the abdominal wall. The presence of 
this epithelium increases resistance to bacterial 
penetration of the tissue near the skin exit and 
peritoneal entry sites. The Dacron cuffs pro-
voke a local inflammatory response with fibro-
sis, which gives stability to the catheter and 
prevents bacterial migration from the skin sur-
face into the subcutaneous tunnel and perito-
neal cavity.

The intraperitoneal segment has multiple 
0.5 mm perforations in the terminal part. Several 
modifications have been made to the intraperito-
neal portion and to the tip of the catheters, with 
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Fig. 5.3  Arterial anatomy of the abdominal wall – to be 
considered during PD catheter insertion – 1 Anastomoses 
with lower intercostal, subcostal and lumbar arteries; 2 

Ascending branch of the deep circumflex artery; 3 
Superficial circumflex iliac artery; 4 Inferior epigastric 
artery; 5 Superficial epigastric artery; 6 Femoral artery
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the aim of obtaining an unrestricted flow of dial-
ysate to and from the peritoneal cavity. This 
flow is most efficient if the catheter tip lies deep 
within the pelvis (also changes for dislocation/
migration are less when placed deep in the pel-
vis). Catheter design and insertion techniques 
aim at the prevention of one- or two-way 
obstruction, tip displacement from the pelvis, 
common causes of catheter malfunction. 
Different catheter lengths are available for every 
patient size.

•	 Straight and coiled Tenkhoff catheters
•	 Toronto Western Hospital (TWH) or Oreopoulos- 

Zellerman catheter
•	 Straight and coiled Swan-Neck Missouri 

catheters
•	 Pail-Handle (Cruz) catheter
•	 Presternal Swan-Neck peritoneal catheter
•	 Moncrief-Papovich catheter
•	 Ash (Advantage) catheter
•	 Catheters designed for continuous flow perito-

neal dialysis (CFPD)

�Straight and Coiled Tenkhoff 
Catheters

The Tenckhoff catheter, first catheter with a wide-
spread clinical use, is now available in different 
lengths, shapes and number of Dacron cuffs. It 
remains the most commonly used and the standard 
for comparison with other catheters. The catheter 
consists of a silicone rubber tube, bonded to one or 
two 1 cm cuffs. A barium-impregnated radiopaque 
strip assists in its radiological visualization. The 
intraperitoneal portion varies in length from 6.5 to 
19.5 cm, with perforations (0.5 mm) in the termi-
nal 2.5–9.5 cm [4, 6]. The intraperitoneal tip is in 
two shapes, coiled and straight [5].

�Toronto Western Hospital (TWH) or 
Oreopoulos-Zellerman Catheter

The Toronto Western Hospital (TWH) or 
Oreopoulos-Zellerman catheter is a modified 
version of the Tenckhoff catheter [7]. The TWH1 

Table 5.1  Characteristics of peritoneal dialysis catheters

Catheter type Material Cuffs

Shape of 
intra-abdominal 
segment Inter-cuff shape Characteristics

Tenkhoff catheters Silicone 1–2 Straight/coiled Straight/
Swan-Neck

Toronto Western 
Hospital (TWH) or 
Oreopoulos-
Zellerman catheter

Silicone 2 Straight Straight Dacron disc plus a 
silicone rubber bead 
(intraperitoneal 
segment)

Swan-Neck Missouri 
catheters

Silicone 1–2 Straight/ coileda Swan-Neck (bend 
180° arc angle)

Bead and flange 
(intraperitoneal 
segment)

Pail-Handle (Cruz) 
catheter

Polyurethane 2 Coiled Two bends (90° arc 
angle)

Presternal Swan-
Neck peritoneal 
catheter

Silicone 1–2 Straight/coiled Arcuate inter-cuff 
shape

Titanium connector 
(between proximal 
and distal-end)

Moncrief-Papovich 
catheter

Silicone 2 Coiled Arcuate inter-cuff 
shape

Larger external cuff 
(2.5 cm)

Ash (Advantage) 
catheter

Silicone 2 Straight T-shaped

aBecause in several patients infusion pain occurred due to a “jet effect” and/or tip pressure on the peritoneum, the intra-
peritoneal segment of the catheters, was modified replacing a straight segment with a coiled one
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and TWH2 are the two types available. Both 
catheter types have two flat silicone rubber discs 
attached to the catheter tip with the aim to be 
more stable in the pelvis. TWH2 has an addi-
tional modification consisting of a Dacron disc 
plus a silicone rubber bead in series with the pre-
peritoneal cuff. The incorporation of a disc just 
superficial to the peritoneal closure is an attempt 
to prevent late dialysate increasing the area of 
peritoneal sealing. The catheter has two cuffs 
with a straight intra-abdominal and inter-cuff 
shape.

�Straight and Coiled Swan-Neck 
Missouri Catheters

The Swan-Neck Missouri catheters are so called 
because of the permanent bend of the inter-cuff 
segment [8]. The inter-cuff shape, Swan-Neck, 
gives to the intraperitoneal and extraperitoneal 
segments an unforced downward direction. 
Several modifications have been described such 
as the number of cuffs (1 or 2), the distance 
between cuffs, the arc angle bend, increased from 
80° to 180°, and the replacement of a straight 
intraperitoneal segment with a coiled one due to 
infusion pain (“jet effect” and/or tip pressure) on 
the peritoneum, occurred in several patients [9].

�Pail-Handle (Cruz) Catheter

This catheter (polyurethane) has two right-angle 
bends of the inter-cuff segment: one to direct the 
intraperitoneal portion parallel to the parietal 
peritoneum and one to direct the subcutaneous 
portion towards the skin exit site. There are two 
cuffs and a coiled intra-abdominal segment. A 
single centre case series on 63 Pail-Handle cath-
eters surgically implanted in 57 consecutive 
patients with a 5 year follow up, found a cumula-
tive catheter survival rate of 80.8% at 12 months, 
62.3% at 24 months and 48.1% at 51 months. An 
adverse outcome described in the study was 
related to the catheter adapter that caused large 

exit site wounds, predisposed to infection and 
catheter loss [10].

�Presternal Swan-Neck Peritoneal 
Catheter

The swan neck pre-sternal catheter (silicon rub-
ber) is composed of two flexible tubes joined by a 
titanium connector at the time of implantation. 
The exit site is located in the parasternal area. The 
catheter located on the chest was designed to 
reduce the incidence of exit site infections. The 
tube is bonded to two cuffs, and has a permanent 
bent (arc angle of 180°) of the inter-cuff segment 
(swan-neck). Both tubes have a radiopaque stripe 
that helps to achieve proper alignment of the tube 
during insertion and to facilitate radiological visu-
alization of the intraperitoneal segment [11, 12].

�Moncrief-Papovich Catheter

This catheter (silicone rubber) has several impor-
tant structural changes compared to the Tenckhoff 
catheter. The structural changes are: a coiled 
internal segment, an arcuate bend in the subcuta-
neous segment similar to the swan-neck Missouri 
catheter and two Dacron cuffs. The external cuff 
is elongated from 1 to 2.5 cm. The catheter after 
implantation is locked with 1000 U of heparin, 
and the external segment is buried subcutane-
ously for a period of 4–8 weeks or longer to allow 
tissue ingrowth into the external cuff in a sterile 
environment. Subsequently, a small incision is 
made in the skin through which the external seg-
ment of the catheter is brought out [13, 14].

�Ash (Advantage) Catheter

The Advantage catheter contains a straight por-
tion that is held adjacent to the parietal perito-
neum assuring a stable position, without extrusion 
of the deep cuff or exit site erosion. The intraperi-
toneal portion contains a short, perpendicular 
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segment connected to two limbs with external 
grooves (flutes) to carry fluid into the catheter 
from the upper and lower abdomen. Due to the 
apposition of the grooved portion of this catheter 
against the parietal peritoneum, and the T shape 
of the catheter, the deep cuff of this catheter is 
fixed in position, and outward migration of the 
catheter is very unlikely. Based on the case series 
described by Ash, the placement of this type of 
catheter in 18 patients with 4 years of follow-up 
resulted in the absence of exit site erosion/ 
infection, incisional hernia (peri-catheter) or 
leaks [15].

�Catheters Designed for Continuous 
Flow Peritoneal Dialysis (CFPD)

Shinaberger and coll. [16], first described this 
technique in 1965, with the insertion of two peri-
toneal catheters at opposite sites of the peritoneal 
cavity. Other groups described this particular 
technique with mixed success [17–20]. A cathe-
ter for CFPD must provide separate conduits for 
infusing and draining the dialysate into and out of 
the peritoneal cavity at a high flow rate (100–
250 mL/min) with good mixing of the peritoneal 
solution and minimal streaming and recircula-
tion. The catheter should also be cosmetically 
acceptable (small diameter, minimal bulk), easy 
to implant and remove, biocompatible, reliable, 
and safe.

The simplest devices consist of two straight or 
curled barrels in a double-D or double-O config-
uration [21, 22]. The inflow barrel is shorter, and 
the drain barrel is longer and located in the most 
dependent pelvic area. Modifications to this basic 
design include the addition of discs placed in the 
distal intraperitoneal segment of the catheter to 
diffuse the inflow stream of dialysate and to 
improve mixing [23]. A recently introduced 
design describes a double-lumen catheter with 
maximum separation of the intraperitoneal limbs 
to minimize recirculation [24]. It consists of two 
tubes bonded together as they pass through the 
abdominal wall and into the peritoneum. The 
tubes once again separate intraperitoneally by 
180° to form a double J, the cranial segment is 

shorter than the caudal, and both terminate with a 
fluted end.

Ash and coll. designed for this purpose a cath-
eter with a T shaped configuration in order to max-
imally separates the tips of the double lumen [25].

Ronco and coll. designed a novel catheter for 
CFPD equipped with a thin walled silicone dif-
fuser used to infuse the dialysate into the perito-
neum. The holes on the round-tapered diffuser 
are positioned to allow dialysate to perpendicu-
larly exit 360° from the diffuser, thereby reduc-
ing trauma to the peritoneal walls and allowing 
the dialysate to mix into the peritoneum. The 
fluid is then drained through the second lumen, 
whose tip is positioned in the lower pelvis [26].

�Critical Comparison of Catheter 
Design

Despite all the different options, most programs 
limit their experience with one or two catheter 
types, making difficult a critical comparison. 
For simplicity and based on studies present in 
literature, the discussion on which catheter type 
offers better results focused mainly on the num-
ber of cuffs, single versus double, the configura-
tion of the intraperitoneal portion, straight 
versus coiled, and of the inter-cuff shape, 
straight versus Swan-Neck. Lewis and coll. car-
ried out a prospective randomized controlled 
study that favoured the double cuff over the 
single cuff Tenckhoff catheters, in terms of sur-
vival, time to the first peritonitis episode, and 
number of exit site infections [27]. Previous 
ISPD consensus opinion also supported the 
choice of double cuff Tenckhoff catheters [28]. 
However, Eklund and coll. in a prospective ran-
domized controlled study found no differences 
in the number of peritonitis episodes, exit site 
infections, or in catheter survival between single 
and double cuff Tenckhoff catheters [29]. As 
mentioned earlier in the chapter, coiled cathe-
ters (intra-peritoneal segment) have been devel-
oped in order to achieve less infusion/pressure 
pain (“jet effect”), better flow, less catheter-
related complications such as migration and 
omental wrapping. These theoretical advantages 
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have been substantiated by some authors in 
randomised controlled trials [30–32], but not 
confirmed in two more recent meta-analyses 
[33, 34]. The meta-analysis conducted by Xie J 
and coll. suggested that coiled catheters might 
be more prone to migration and resultant dys-
function [33]. A more recent meta-analysis by 
Hagen and coll., including more studies and 
with the following outcomes of interest (cathe-
ter survival, drainage dysfunction, migration, 
leakage, exit-site infections, peritonitis, and 
catheter removal), found no differences when 
comparing straight versus swan neck and single 
versus double-cuffed catheters. Comparison of 
straight versus coiled-tip catheters demonstrated 
that survival was significantly different in favour 
of straight catheters (hazard ratio 2.05; confi-
dence interval 1.10–3.79, P = 0.02). The conclu-
sion of the authors was that for surgically 
inserted (open and laparoscopic) catheters, the 
removal rate and survival at 1 year were signifi-
cantly in favour of straight catheters [34].

In our experience we primarily use double 
cuff Tenckhoff catheters, both straight and coiled 
(intraperitoneal portion) and with straight 
inter-cuff shape. When critically comparing the 
different catheters we have to bear in mind 
that the most important aspect of preventing 
mechanical complications is probably atten-
tion to detail and the operative insertion tech-
nique used [35].

�Chronic Catheter Placement 
Procedures

Peritoneal dialysis catheters may be placed via a 
percutaneous, a laparoscopic, or an open surgical 
route. Open surgical and laparoscopic techniques 
are the most commonly performed worldwide. 
According to American data, the laparoscopic 
technique is now the most commonly used, com-
pared to all other techniques [36].

	(a)	 Percutaneous technique
	(b)	 Peritoneoscopic technique
	(c)	 Open surgical technique
	(d)	 Laparoscopic technique

�Seldinger Percutaneous Technique

First described in 1968 by Tenckhoff and 
Schechter, it is a percutaneous method of catheter 
placement. The authors reported a high incidence 
of catheter migration resulting in failure rates up 
to 65% at 2  years and risk of bowel or vessel 
injury [4]. Several other reports have shown ade-
quate results, with dysfunction and leak rates 
below 7% [37–40] and a bowel perforation risk 
of 1–2% [38, 41]. Zappacosta et al. reserved the 
percutaneous catheter placement only in patients 
with no previous abdominal surgery, in view of 
the high risk of bowel perforation in presence of 
adhesions [37]. Aksu and coll. achieved excellent 
results in a pediatric population (108 peritoneal 
catheters percutaneously placed in 93 pediatric 
patients) with an overall incidence of catheter 
dysfunction of 14% over 10-year period and no 
cases of bowel perforation [42]. Varughese and 
coll. highlighted that the percutaneous insertion 
is now preferred in developing countries where 
costs play a major role [43]. Advantages and 
disadvantages of this technique are presented in 
the Table 5.2.

�Technical Aspects
Percutaneous placement of peritoneal dialysis 
catheters, under local anaesthesia, uses a guide-
wire and a peel-away sheath applying the 
Seldinger technique.

Table 5.2  Pros and cons of percutaneous insertion

Pros Cons

Procedure under 
local anaesthesia

Not all types of catheters can 
be inserted

Small incision (low 
risk of incisional 
hernia/fluid leakage)

Risk of intra-abdominal organ 
damage – risk of bleeding

Short operative 
times

Difficult precise positioning of 
the intra-peritoneal segment – 
risk of catheter malfunctioning

No security at end of procedure 
that catheter is in correct 
position.

Low cost procedure Does not allow to perform 
associated procedures (i.e. 
adhesiolysis, omentopexy, 
partial omentectomy)
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•	 A small incision is made above the entrance 
site, most commonly in the midline.

•	 An 18-gauge needle is placed into the peritoneal 
cavity, which is then filled with air or 500 mL of 
saline. Absence of resistance or pain during this 
manoeuvre suggests proper positioning.

•	 A guide wire (usually 0.035-in.) is then 
advanced into the abdomen, this step can be 
done under XR guidance, and the needle is 
removed.

•	 A dilator and a peel-a-way sheath are advanced 
over the guidewire into the abdominal cavity. 
The dilator and wire are then removed, and the 
peritoneal dialysis catheter is placed in the 
peritoneal cavity and advanced through the 
sheath with a stylet until the proximal cuff is 
in the preperitoneal sheath.

The peel-a-way sheath and the stylet are then 
removed, and the correct position of the catheter 
is confirmed with fluoroscopy (Table 5.2).

�Peritoneoscopic Technique

First described in 1981 by Ash [44], it is a tech-
nique of PD catheter insertion under local anaes-
thesia. The peritoneoscopic PD catheter insertion, 
commonly performed by nephrologists in an out-
patient setting with all the associated potential 
benefits [45, 46], requires a specialized equip-
ment (needlescope  - Y-TEC, Medigroup, Inc. 
North Aurora, IL).

There are still limited data on outcomes for 
these catheters. Main concerns are relatively high 
dysfunction rates [47] and risk of bowel perfora-
tion [48, 49]. The vast majority of data on out-
comes are coming from retrospective studies 
outside the United States [50, 51]; very recently 
Yorg and coll. reported in a retrospective series 
the Mount Sinai experience [52].

�Technical Aspects
Peritoneoscopic placement of peritoneal dialysis 
catheters, under local anaesthesia, requires a nee-
dle trocar, a Quill guide, a needlescope (needle-
scope  - Y-TEC, Medigroup, Inc. North Aurora, 
IL) and a Cuff Implanter Tool (Medigroup Inc., 
Oswego, IL).

A guidewire and a peel-away sheath applying 
the Seldinger technique.

•	 Needle trocar and surrounding Quill guide or 
sheath insertion through abdominal wall.

•	 Insufflation of the peritoneal cavity with room 
air [44] or NO [52].

•	 Needlescope insertion through the Quill 
guide, identification of the pelvis.

•	 The scope is removed; the guide is dilated to 
6 mm to allow the PD catheter insertion.

•	 Deep cuff positioning below the anterior rec-
tus sheath using a Cuff Implanter Tool 
(Medigroup Inc., Oswego, IL).

•	 Guide removal (Table 5.3).

�Open Surgical Technique

First described in 1972 by Brewer, the open surgi-
cal peritoneal dialysis catheter placement has been 
until recent years the most commonly used in the 
adult and pediatric population [53, 54]. Advantages 
and disadvantages of this technique are presented 
in the Table 5.4. Since there is direct visualization 
of the peritoneum prior to insertion, the risk of 
bowel injury and bleeding is extremely low [53]. 
However, its main limitation is catheter malfunc-
tioning; the reported incidence in some series is up 
to a 38% [55]. Two major factors that may be 
involved in catheter dysfunction are inadequate 
placement of the catheter tip into the pelvis, which 

Table 5.3  Pros and cons of peritoneoscopic insertion

Pros Cons

Procedure under local 
anaesthesia

Not all types of catheters 
can be inserted

Small incision (low risk 
of incisional hernia/
fluid leakage)

Risk of intra-abdominal 
organ damage – risk of 
bleeding

Short operative times Does not allow to perform 
associated procedures (i.e. 
adhesiolysis, omentopexy, 
partial omentectomy)

Visualization of the 
abdominal cavity and 
more accurate 
placement of the tip of 
the catheter than with 
blind percutaneous or 
open surgical

Need for specialized 
equipment and expertise
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allows the catheter to migrate and become 
entrapped within the omentum, and the presence 
of intra-abdominal adhesions, which interfere 
with correct catheter placement [56–59]. Using 
the mini-laparotomy, it is difficult to visualize the 
entire peritoneal cavity, and to perform adhesioly-
sis should it be required; therefore, potentially 
poorer outcomes are to be expected in patients 
who have had prior abdominal surgery [60].

�Technical Aspects
Open surgical placement of peritoneal dialysis 
catheters, under local or general anaesthesia, is 
performed via a mini-laparotomy.

•	 The skin incision, in a patient placed in supine 
position, is either sub-umbilical midline or ide-
ally para-median [61]. Stegmayr and coll. intro-
duced the paramedian approach and purse string 
sutures around the peritoneum and the catheter 
to reduce the incidence of leak rate [61].

•	 The subcutaneous layer is then dissected to the 
sheath of the rectus muscle. The anterior rectus 
sheath is opened, and the muscle fibers are 
split (muscle-splitting technique). The poste-
rior sheath is incised, and the abdominal cavity 
is opened after dissecting the peritoneum.

•	 Placing the patient in Trendelemburg position 
allows a confortable peritoneal catheter place-
ment deep in the peritoneal cavity; this manoeu-
vre can be done with or without a stylet.

•	 Omentectomy is commonly performed in the 
pediatric population [54, 62] (for more details 

please refer to the section “Surgical 
Manoeuvres to Prevent Catheter Dysfunction”)

•	 Some surgeons perform fixation of the intra-
peritoneal catheter portion to the bladder, the 
parietal peritoneum, uterus or pelvic sidewall 
in order to minimize catheter dislocation (for 
more details please refer to the section 
“Surgical Manoeuvres to Prevent Catheter 
Dysfunction”).

•	 The deep cuff is positioned within the rectus 
sheath; some surgeons place reinforcing 
sutures in order to prevent leakage of the dial-
ysate [61].

•	 The posterior and anterior rectus sheaths are 
closed with absorbable sutures taking care to 
prevent catheter obstruction.

•	 A subcutaneous tunnel is then created and the 
distal cuff left at 2–4 cm from the exit site [28].

•	 Filling the abdomen with sterile saline - with 
no consensus about the amount of fluid that 
should be given – in order to check good in- 
and outflow at the end of the procedure and for 
eventual leakage (Table 5.4).

�Laparoscopic Technique

Since its first description in the early 1990s, lapa-
roscopic insertion of PD catheters has been 
increasingly used, an it is now in the United States 
the most commonly technique used [36]; its safety 
and feasibility in both adults and children have 
been documented in case series, retrospective 
reviews and comparative studies [50, 63–98]. 
Advantages and disadvantages of this technique 
are presented in the Table 5.5. The laparoscopic 
peritoneal catheter insertion without any associ-
ated intervention is referred in the literature as 
“basic laparoscopic technique”. There is a grow-
ing body of evidence that the greatest benefit of 
laparoscopy is the minimization of catheter dys-
function securing optimal catheter position under 
direct vision, facilitating adhesiolysis, rectus 
sheath tunneling, omentopexy or omentectomy.

The use of these surgical manoeuvres is 
referred to as “advanced laparoscopic tech-
niques” (for more details please refer to the sec-
tion “Surgical Manoeuvres to Prevent Catheter 
Dysfunction”) [50, 91, 99].

Table 5.4  Pros and cons of open insertion

Pros Cons

All types of 
catheters can be 
inserted

Larger incision compared to other 
techniques and consequent higher 
risk of incisional hernia/fluid 
leakage

Low risk of 
intra-abdominal 
organ damage

Risk of catheter malfunctioning – 
catheter migration, one-way or 
total obstruction

Low risk of 
bleeding

Limited space to perform 
associated procedures (i.e. 
adhesiolysis, omentopexy, partial 
omentectomy)

Costs – surgeon and OR time
No security at end of procedure 
that catheter is in correct position.

OR operating room
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�Technical Aspects
The laparoscopic peritoneal dialysis placement can 
be performed under general or local anaesthesia.

Standard laparoscopes of thirty degrees zero 
degrees, 3, 5, 8 and 10 mm ports have all been 
used in the studies present in the literature. One, 
two and three port techniques have all been 
described. Graspers and scissors should be 
available as well as ultrasonic dissecting instru-
ments since adhesiolysis is sometimes 
necessary.

Minilaparoscopic instruments have also been 
used with equal success [72, 100–103]. Most 
authors recommend the use of the smallest 
available non-cutting ports to allow the quickest 
healing of the peritoneum, thus facilitating 
early start of PD and low leak rate; studies com-
paring leak rates and the size of trocars are 
lacking.

	1.	 Procedure under general anaesthesia:
•	 The patient is placed in a supine position.
•	 For every technique, it is important to first 

place the PD catheter on the abdomen of 
the patient and determine optimal position, 
insertion site and exit site. There are even 
tools to assist with this.

•	 The access to the peritoneal cavity is 
accomplished either by open Hassan trocar 
or by Veress needle insertion. In a review, 
Crabtree noted that 43% of authors used a 
peri-umbilical site (subcostal or supraum-
bilical) [60]. From the available literature, 
it is clear that the access to the peritoneal 
cavity is at discretion of the operating 
surgeon; most authors are now less in 
favour to the midline access [61].

•	 After induction of pneumoperitoneum 
(max pressure 12–14 mmHg), a diagnostic 
laparoscopy is performed. An additional 
5–8 mm trocar is placed under direct vision 
at the site of the planned exit-site position 
of the peritoneal dialysis catheter. For the 
description of the rectus sheath tunnelling 
technique, please refer to the section on 
Surgical Manoeuvres to Prevent Catheter 
Dysfunction.

•	 If adhesions are present, adhesiolysis is 
usually performed.

•	 A peritoneal dialysis catheter is then placed 
into the pouch of Douglas, with or without 
a stylet.

•	 The distal cuff of the peritoneal dialysis 
catheter remains outside of the peritoneal 
cavity and is positioned either in the pre-
peritoneal space or between the rectus 
sheaths.

•	 The para-umbilical trocar is removed, and 
the catheter is then directed to its exit-site 
location.

•	 A subcutaneous tunnel is created similarly 
to others implantation techniques.

•	 The catheter is tested, and the abdomen is 
desufflated.

•	 The trocar is removed, and the rectus fascia 
closed. Skin closure (Table 5.5).

Table 5.5  Pros and cons: Laparoscopic PD catheter 
insertion under general anaesthesia

Pros Cons

Small incision(s) (low risk 
of incisional hernia/fluid 
leakage)

Need for general 
anaesthetic (can also be 
done under LA, but GA 
more common)

Allows to perform 
associated procedures (i.e. 
adhesiolysis, omentopexy, 
partial omentectomy)

Expertise in 
laparoscopic surgery

Low risk of intra-abdominal 
organ damage/low risk of 
bleeding

Not all types of 
catheters can be 
inserted

Immediate use possible Need for special 
equipment (problem for 
3rd World countries)

Precise positioning (under 
direct vision) of 
intraperitoneal segment.

Cost-effective*

*Cost analysis When accounting for a year of postopera-
tive management and treatment, laparoscopic insertion 
can be less costly than open insertion in the hands of an 
experienced and dedicated surgeon. Despite higher initial 
costs, PD catheter insertion under laparoscopic visualiza-
tion can have lower total costs due to fewer postoperative 
complications [109]
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�Procedure Under Local Anaesthesia

It is reported the original technique described by 
Crabtree of laparoscopic dialysis catheter implanta-
tion using a two-port technique [104]. The infiltra-
tion with local anaesthetic of all abdominal wall 
layers until the peritoneum, for complete pain con-
trol, helium insufflation is used to create pneumo-
peritoneum; Keshvari and coll. described the 
technique using nitrous oxide (NO2) [64]. Few char-
acteristics make helium ideal in this setting: it is 
painless, thereby allowing the laparoscopic proce-
dure to be performed under local anaesthesia [104]; 
non-flammable, thereby safe when using electrosur-
gical devices [105, 106]; inert, thereby increasingly 
utilized in high-risk patients [107, 108]. Contrary to 
paralyzed patients under general anaesthesia, 
patients under local anesthesia benefit from lower 
gas insufflation pressure (between 8 and 10 mmHg) 
and rates (0.5–2.0 L/min.). The peritoneal catheter 
is inserted through a para-median port site while 
continuously monitoring the implant procedure 
with a laparoscope from a second port location. The 
catheter–stylet assembly is then inserted and placed 
deep in the pelvis. The rectus sheath tunnelling 
technique is applied. The deep Dacron cuff is with-
drawn until disappears above the peritoneum in the 
anterior rectus sheath. The stylet is removed from 
the catheter, the pneumoperitoneum is allowed to 
deflate, and the laparoscope is removed. The cathe-
ter is tested with the patient in reverse Trendelemburg 
position; a standard 1-L bag of normal saline is 
observed for unimpeded inflow and drainage by 
gravity. A residual of 250–300  mL is left in the 
abdomen to reduce the likelihood of intraperitoneal 
structures sucking up against the catheter toward the 
end of the drainage process. At the conclusion of a 
successful irrigation, the entire system is flushed 
with 20 mL of heparin (100 U/mL) (Table 5.6).

�Surgical Manoeuvres to Prevent 
Catheter Dysfunction

�Adhesiolysis

Previous abdominal surgery and consequent 
peritoneal adhesion formation represent a 

unique challenge and a major factor in PD cath-
eter dysfunction [110]. Although no studies spe-
cifically compared PD catheter placement and 
adhesiolysis to PD catheter placement alone, 
adhesiolysis is considered essential in optimis-
ing primary PD catheter function. In this con-
text, the laparoscopic approach is particularly 
beneficial, allowing identification and lysis of 
the adhesions [65, 111]. Adhesiolysis can be 
performed using ultrasonic shears or regular 
laparoscopic scissors [60] and it has been 
employed in several large case series [63, 78, 
80–82, 85, 111] and some authors described 
similar catheter function rates in patients with 
adhesions as those with a virgin abdomen [60, 
112, 113].

�Suture Fixation

Catheter tip migration away from the pelvis is a 
common cause for catheter failure as the intra-
peritoneal portion of the catheter functions best 

Table 5.6  Pros and cons: Laparoscopic PD catheter 
insertion under local anaesthesia

Pros Cons

No need for general 
anaesthesia

Not all types of catheters 
can be inserted

Small incision (low risk of 
incisional hernia/fluid 
leakage)

Need for special 
equipment

Allows to perform 
associated procedures (i.e. 
adhesiolysis, partial 
omentectomy)

Expertise in laparoscopic 
technique

Low risk of intra-
abdominal organ damage/
low risk of bleeding

Need for special 
equipment (problem for 
3rd World countries)

Immediate use possible

Precise positioning (under 
direct vision) of the 
intraperitoneal segment.

Cost-effectivea

aCost analysis When accounting for a year of postopera-
tive management and treatment, laparoscopic insertion 
can be less costly than open insertion in the hands of an 
experienced and dedicated surgeon. Despite higher initial 
costs, PD catheter insertion under laparoscopic visualiza-
tion can have lower total costs due to fewer postoperative 
complications [109]
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when in the pelvis [48, 49, 68]. Several authors 
reported suture fixation of the catheter tip to the 
bladder, uterus or pelvic sidewall in an attempt to 
prevent catheter tip migration in either open or 
laparoscopic approach [14, 59, 61, 62, 64]. 
Potential harms of suture fixation are not easy 
catheter removal and internal hernias or adhe-
sions [93]. Other authors showed a relatively 
high dysfunction rate after suture fixation (12–
14%), possibly due to the inability of the catheter 
to “float” into the largest area of PD fluid [14, 77, 
93]. However, the lack of comparative studies on 
peritoneal catheter insertion with and without 
suture fixation leaves the decision on suture fixa-
tion to the operating surgeon, based on his per-
sonal experience.

�Rectus Sheath Tunneling

Many authors have used rectus sheath tunneling, 
also described as extraperitoneal or preperitoneal 
tunneling, as a way to prevent catheter migration 
and decrease the incidence of fluid leak [78, 79, 
82, 91, 94]. The technique, applied during laparo-
scopic insertion, involves visualizing the inser-
tion device (sheath, blunt trocar or grasper) as it 
comes through the rectus muscle but before it 
enters the peritoneal cavity. Once the device is 
seen just above the posterior rectus sheath and 
peritoneum, it is tunnelled 4–6  cm toward the 
midline pelvis before actually penetrating and 
entering the peritoneal cavity. In addition, this 
technique has the advantage over suture fixation 
of not requiring extra trocars for suturing. Several 
studies using laparoscopic insertion and rectus 
sheath tunnel showed dysfunction rates between 
4% and 8.6% and leak rates from 0% to 12.5% 
[78, 79, 82, 91, 94]. In a recent review article, 
Frost and Bagul recommend that rectus sheath 
tunneling and placement of the deep cuff in the 
rectus sheath are far more important than suture 
fixation in reducing catheter tip migration [99]. 
However, randomized trials comparing suture 
fixation to rectus sheath tunneling have not been 
performed.

�Omentopexy and Omentectomy

The omentum is a well-known source of catheter 
dysfunction; omentectomy has been described in 
adults and children as a way to reduce this com-
plication. With the open technique the omentum 
is pulled up through the incision and excised [54, 
114–122]. McIntosh described an alternative 
technique, omentopexy, which consists in sutur-
ing the omentum to the abdominal wall [119]. 
Although omentectomy is feasible during laparo-
scopic PD catheter insertion [69, 111, 118, 120–
122], it is more time consuming and has an 
increased risk of bleeding [65]; therefore, laparo-
scopic omentopexy seems to be favoured [67, 82, 
94, 112, 113]. Omentopexy techniques can be 
accomplished with trans-abdominal suture passer 
or with intracorporeal suturing. An alternative 
technique described by Goh consists of omental 
folding in order to shorten it [122].

�Critical Comparison of Different 
Implantation Techniques

�Percutaneous – Peritoneoscopic 
Versus Surgical (Open or 
Laparoscopic)

Several single centre experiences compared percu-
taneous and open surgical peritoneal dialysis cath-
eter insertion. Besides the general agreement that 
percutaneous insertion is particularly well suited 
for high-risk patients, who cannot tolerate general 
anaesthesia [42, 117, 118, 123, 124], comparative 
results yield to a different results. While older 
studies including a retrospective single center 
study by Nicholson and coll. found that catheter 
survival was significantly better after open surgical 
insertion compared to percutaneous insertion 
[115]. Gadallah and coll. in a prospective random-
ized study on percutaneous versus open placement 
of peritoneal dialysis catheters showed that the 
placement modality did not affect catheter sur-
vival; however, early mechanical complications, 
including technical failures, occurred more fre-
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quently in the percutaneous group [116]. More 
recent studies show that percutaneous placement 
of PD catheter offers an effective and safe alterna-
tive surgical technique in selected patients (such as 
no previous abdominal operation, BMI < 28 kg/
m2) [123–126]; a meta-analysis comparing open 
surgery/laparoscopic and percutaneous PD 
catheter insertion reports no difference in the 
1-year catheter survival rate [127].

�Open Versus Laparoscopic

A number of randomized prospective studies [88, 
92, 95, 96, 128, 129] comparing open surgical 
versus laparoscopic peritoneal catheter insertion 
justified systematic reviews [130] and meta-
analyses [131, 132].

The systematic review of randomized con-
trolled trials conducted by Strippoli and coll. 
included any randomized controlled trial of dif-
ferent catheter types and catheter-related inter-
ventions used to prevent peritonitis or exit-site 
and tunnel infection in PD. The subgroup analysis 
on surgical approaches included three trials (248 
patients in total) comparing laparoscopic versus 
open surgical catheter insertion, could not dem-
onstrate any advantage of one technique over the 
other, with respect to the risk of peritonitis, cath-
eter removal or replacement, technical failure 
and all-cause mortality [130].

Xie and coll. performed a meta-analysis of 
four randomized controlled trials and a system-
atic review of ten observational studies to com-
pare laparoscopy with open placement of 
peritoneal dialysis catheter. The authors extracted 
data on the following reported outcomes: opera-
tion time, duration of hospital stay, incidence-
rate of catheter-related complications (such as 
infection, dialysate leak, catheter migration, out-
flow obstruction, bleeding, blockage and hernia). 
According to this analysis open surgery needs a 
shorter operative time and simpler equipment 
requirement but has a similar effect to the laparo-
scopic technique. Therefore, the authors con-
clude that laparoscopic catheter placement has no 

superiority to open surgery; on the other hand, 
they state that further trials that focus on long-
term outcomes are needed, taking into account 
the rapid development of the advanced laparo-
scopic technique, which may reduce further the 
complication rates [131].

Hagen and coll. performed a meta-analysis of 
three randomized controlled trials [85, 87, 88] 
and eight cohort studies [88, 90, 91, 93, 96, 101, 
133, 134], comparing laparoscopic versus open 
surgical peritoneal catheter insertion. Contrarily 
to the study conducted by Xie and coll. [131], the 
authors did not include studies assessing different 
techniques (peritoneoscopic and percutaneous 
insertion) and studies including pediatric patients. 
The following outcome measures were included: 
incidence of peritonitis, exit-site/tunnel infec-
tion, leakage, catheter migration, catheter 
removal for complications, need for revision and 
catheter survival. The results of this meta-analysis 
reveal the potential benefits of laparoscopic 
PD-catheter insertion with better one-year cathe-
ter survival and less migration rates compared to 
the open surgical insertion [132].

The conclusion of both meta-analyses [131, 
132] is the need of studies with larger numbers of 
patients and long-term follow up in order to be 
able to evaluate the true value of laparoscopy in 
PD-catheter insertion; a large randomized con-
trolled trial is currently under way [129].

�Limitations of Comparative Studies
Small numbers, single centre experiences and 
other confounding factors bias the studies com-
paring insertion techniques. The expertise of 
the operators, which may vary significantly, the 
exclusion of high-risk patients, such as those 
with history of prior abdominal surgery, in 
some insertion techniques, the different defini-
tions of complications (for example some 
papers split up catheter migration and outflow 
obstruction as causes of catheter dysfunction), 
make comparative studies less accurate and dif-
ficult to interpret. Finally, the follow-up periods 
vary greatly, but generally tended to be short 
making it difficult to compare data on one tech-
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nique versus another. For peritoneal access, the 
only strong recommendation that can be made 
is that all the techniques, percutaneous, open 
surgical, and laparoscopic insertion procedures, 
when performed by experienced/dedicated 
operators, are feasible and safe with acceptable 
outcomes.

�Timing? When to Start PD 
After Catheter Insertion

The timing of commencement of dialysis after 
catheter insertion has not been studied in ran-
domized controlled trials, although one is cur-
rently underway in Australia [135]. There is 
general consensus worldwide to observe a break 
in period of at least 2 weeks for both adult and 
children. [28, 135–140] (see table). Over the last 
decade, urgent-start PD has gained considerable 
interest in the United States. Urgent-start PD 
refers to an approach that involves initiation of 
PD therapy earlier than 2 weeks after PD catheter 
insertion. Treatment is performed with low fill 
volumes in the supine position using a cycler to 
avoid peri-catheter leak. Numerous clinical expe-
riences with urgent-start PD have been published 
or discussed at scientific meetings [141–150].

With all the limitations of a single center 
including a small number of patients, Ghaffari 
recently described the feasibility and efficacy of 
an urgent-start peritoneal dialysis program [141].

British Renal 
Association (2009)

Whenever possible, that 
catheter insertion should be 
performed at least 2 weeks 
before starting peritoneal 
dialysis. Small dialysate 
volumes in the supine position 
can be used if dialysis is 
required earlier (2B).

European Dialysis 
and Transplant 
Association – 
European Renal 
Association (2005)

Whenever possible, the 
implantation should be at least 
2 weeks before starting 
peritoneal dialysis. Small 
dialysate volumes in the 
supine position can be used if 
dialysis is required earlier 
(Evidence C)

Australian: Caring 
for Australasians 
with Renal 
Impairment (CARI) 
(2004)

When possible, peritoneal 
dialysis should not be 
commenced until at least 
2 weeks after the insertion of 
the dialysis catheter 
(Suggestions are based on 
level III and IV studies)

International Society 
for Peritoneal 
Dialysis (ISPD)

When possible, peritoneal 
dialysis should not be 
commenced until at least 
2 weeks after the insertion of 
the dialysis catheter

Kidney Disease 
Outcomes Quality 
Initiative (KDOQI)

No recommendations.

Canadian Society of 
Nephrology

No recommendations.

�Surgical Complications 
and Management

	(a)	 Hernia
	(b)	 Hemorrhage
	(c)	 Perforation
	(d)	 Catheter-related (fluid leak, one-way or total 

obstruction, migration)
	(e)	 Others (chyloperitoneum, genital edema, 

peritoneal-vaginal leak)

�Hernia

Hernias represent one of the most frequent non-
infectious complications of PD and will be exten-
sively treated in a separate chapter [15].

�Hemorrhage

Hemorrhage secondary to peritoneal catheter 
insertion can be classified as intraperitoneal and 
extraperitoneal.

Intraperitoneal bleeding (intraabdominal 
bleeding) may be secondary to trauma of omental 
or mesenteric vessels during the manipulation of 
the catheter tip into the pelvis, adhesiolysis or 
omentectomy. During a percutaneous insertion 
this is usually recognised as bloodstaining of the 
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draining fluid. This complication may occur or be 
recognised only postoperatively and usually 
presents with bloody staining of the dialysate 
effluent. If the bleeding is minimal and the patient 
is hemodynamically stable, conservative man-
agement is indicated. Obviously, in case of severe 
bleeding and/or hemodynamic instability, patient 
should be taken back to theatres as emergency. 
During open and/or laparoscopic insertion it is 
easier to recognise and treat this complication.

Extraperitoneal bleeding may occur from the 
inferior epigastric vessels, subcutaneous vessels 
or skin edges. If the bleeding is difficult to con-
trol, the epigastric vessels can be tied off with 
ligature above and below the site of trauma. 
Bleeding from subcutaneous vessels and skin 
edges is in the vast majority of cases self-limiting 
or stops with conservative management; large 
hematomas may require surgical intervention in 
case of patient discomfort and potential source of 
infection [151].

�Perforation

Intra-abdominal perforation is a described com-
plication during peritoneal catheter insertion; it is 
more common during percutaneous insertion. 
The most commonly injured organs are bowel 
and bladder. Perforation of viscera by erosion of 
the peritoneal catheter is extremely rare. This 
complication is facilitated by episodes of perito-
nitis, an empty peritoneal cavity, the use of ste-
roids, or the presence of vasculitis.

Lesions to the bladder occur more frequently 
in patients with chronic urinary outflow obstruc-
tion; some authors advocate the use of a urinary 
catheter to limit its occurrence. Urine in the peri-
toneal cavity may give rise to signs of peritonitis. 
A small laceration may close spontaneously 
draining the bladder with a urethral catheter. A 
large laceration may require a surgical repair fol-
lowed by urethral catheterization.

The risk of bowel perforation is higher in 
patients with intra-abdominal adhesions from 
previous surgery or peritonitis. The most com-
mon mechanism of injury is advancement of the 

catheter against resistance into a bowel loop, 
fixed in the peritoneal cavity by adhesions; the 
pathogenetic mechanism previously described is 
characteristic of the percutaneous placement. 
During laparoscopic or open insertion, the inser-
tion under direct vision makes this complication 
extremely rare.

After catheter insertion, perforation may pres-
ent in a variety of ways. The patient without 
experiencing abdominal signs may pass large 
volumes of dialysate per rectum if the catheter is 
placed into the lumen of the bowel. Alternatively 
the run-out may be cloudy and contain mixed 
bacterial organisms with signs of peritonitis. 
Several courses of action are possible. In the 
absence of clinical signs and symptoms, the cath-
eter may be left in free drainage for few days to 
allow an intra-peritoneal track to form, then it 
may be removed; few weeks are usually required 
before attempting a new catheter insertion.

In case of peritonitis or when conservative 
management fails, a diagnostic laparoscopy or 
laparotomy is mandatory.

�Catheter-Related (Fluid Leak, One-
Way or Total Obstruction)

�Fluid Leak
Fluid leak is defined as the appearance of dialy-
sate fluid through the wound(s) or he catheter exit 
site. It can be divided in early and late, depending 
upon its appearance soon after the insertion or at 
later stage. The wide variety of its incidence 
(from 0% to 27%) present in the literature mostly 
depends on the technique of implantation (percu-
taneous vs peritoneoscopic vs open vs laparo-
scopic) and the definition of leak (early vs late) 
[85, 86, 89, 100, 152–154]. The vast majority are 
represented by early leaks. The pathogenesis is 
due to a defect in the peritoneal closure around 
the catheter or other peritoneal defects created 
during insertion [154]. Preventive measures 
reported in the literature are the observation of a 
break-in period of about 2 weeks [89, 91]; in this 
period the wound can heal properly and ingrowth 
of fibrous tissue can anchor the catheter. If the 
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start cannot be delayed, it would be reasonable 
reducing the dialysate volume (500–1000 mL in 
adults) for the initial period. There is also evi-
dence that the laparoscopic insertion and the 
application of advanced techniques such as rectus 
sheath tunneling could further reduce the inci-
dence of this complication [50].

�One-Way or Total Obstruction
Catheter obstruction is one of the most common 
complications of peritoneal catheters; it usually 
occurs in the early postoperative phase and pres-
ents in the form of one-way (outflow) or total 
(inflow/outflow) obstruction. Its incidence varies 
widely depending on the catheter type and the 
technique applied. One-way obstruction presents 
when peritoneal fluid runs into the peritoneal 
cavity but only drains slowly or does not drain at 
all; total obstruction presents with inability to 
flush the catheter. The most common cause of 
obstruction and consequently catheter malfunc-
tioning is catheter tip migration away from the 
pelvis [57, 58]. As described before, preventive 
surgical techniques have been applied in order to 
reduce its incidence, such as suture fixation of the 
catheter tip [58, 88, 118] and rectus sheath tun-
neling. The latter seems to yield the most promis-
ing results [99]. Other potential causes of 
obstruction are omental wrapping, presence of 
adhesions, full rectum or bladder, obstruction of 
the lumen with clots or fibrin [62].

The management of catheter obstruction 
depends on the cause. History and physical 
examination are important to identify the nature 
of the problem (sudden vs gradual) and to rule 
out constipation. A plain abdominal X-ray will 
give further information regarding constipation 
and will show the position of the catheter tip. If 
negative, further studies such as catheterography 
[155] or CT peritoneography [156, 157] followed 
by diagnostic laparoscopy [158] are indicated.

Non-operative treatments of malfunctioning 
PD catheters include laxatives or enemas, cathe-
ter flushing, intraluminal heparin or fibrinolytic 
agents [159–161]. Several procedures under 
fluoroscopic guidance have been described to 
reposition displaced catheters [162–165]. The 
manipulation of catheters with intraluminal 
instruments may predispose to visceral damage, 

bacterial contamination [166] and it is ineffective 
in case of adhesions or omental wrapping. 
Patients with malfunctioning peritoneal dialysis 
catheters not responding to non-operative treat-
ments require operative management. The lapa-
roscopic approach is particularly beneficial in 
this context, allowing catheter repositioning 
[167], adhesiolysis [67], omentectomy or omen-
topexy [89, 120] or catheter replacement when 
the obstruction can not be resolved [168].

�Others (Chyloperitoneum, Genital 
Edema, Peritoneal-Vaginal Leak)

�Chyloperitoneum
Chyloperitoneum is a rare but well-described 
complication in patients on peritoneal dialysis 
[169]. One case series reported an incidence of 
0.5% [170]. It has been described after laparo-
scopic [169–171] and percutaneous [172] PD 
catheter placement. Its pathogenesis is unclear 
but has been hypothesized that could be sec-
ondary to injury of fine lymphatic vessels. The 
complication is usually recognised postopera-
tively when the dialysate has a milky white, 
turbid appearance and contains triglyceride 
levels that exceed those in the plasma [173]. 
Most cases resolve spontaneously within 
weeks but may require temporary cessation of 
PD.  In persistent chyloperitoneum, conserva-
tive management consists of low fat diet to 
reduce the turbidity of the triglyceride-rich 
lymphatic flow; supplements with medium-
chain triglycerides, absorbed directly into the 
portal system instead of intestinal lymphatics. 
Some authors achieved good results with 
Orlistat, a reversible inhibitor of pancreatic 
and gastric lipases, and octreotide, a soma-
tostatin analogue, but the overall clinical expe-
rience with these agents is limited for this 
indication [174, 175]. Surgery may be indi-
cated and some authors have advocated a lapa-
roscopic approach [176].

�Genital Edema
Genital, scrotal or labial, edema is typically sec-
ondary to two main causes: a patent processus 
vaginalis or a subcutaneous tissue leak of dialysate. 
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The most common pathogenetic cause is a patent 
processus vaginalis, which usually allows the flow 
of dialysate in the genital area and it is too small for 
the formation of a true hernia.

Patients with subcutaneous leaks will often 
have signs of leak in the subcutaneous tissue of 
the lower abdomen with evidence of these 
changes continuing into the genital area, such as 
palpable thickness of the tissue or visible peau 
d’orange appearance of the surrounding skin.

To differentiate between these presentations 
and to confirm the diagnosis, a CT peritoneogram 
or nuclear medicine scan can be useful. In CT 
peritoneography, 150  mL of contrast can be 
added to the 2 L dialysate bag and infused into 
the patient. The patient is asked to remain active 
for 30–60 min and then undergo a CT scan of the 
abdomen and processus vaginalis. Similarly, 
Tc-99m can be infused with the dialysate and 
after a similar period the patient undergoes to 
peritoneal scintigraphy.

In patients diagnosed with a patent processus 
vaginalis, surgical correction is usually required 
to resolve the genital edema, if a trial of night 
exchanges with dry days fails. [177]

�Peritoneal-Vaginal Leak
This complication develops when the fallopian 
tubes act as conduits for antegrade passage of 
dialysate in the uterine cavity. The leak can be 
stopped by bilateral tubal ligation [178]. If the 
women wish to maintain fertility and transplanta-
tion is planned, temporary conversion to hemodi-
alysis may be considered.
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Surgical Considerations for Open 
Placement of Peritoneal Dialysis 
Catheters

Monika A. Krezalek

�The Early History of Peritoneal 
Dialysis

Georg Ganter first suggested the use of peritoneal 
membrane for the purpose of dialysis in 1923 after 
demonstrating its efficacy in an animal model of 
uremia following ureter ligation [1]. At the same 
time, Tracy Putnam published his research on the 
solute exchange potential of the peritoneal mem-
brane [2]. In 1946, Frank, Seligman and Fine 
reported first instance of successful use of perito-
neal irrigation as the treatment for acute renal fail-
ure [3]. Following these discoveries, intermittent 
peritoneal dialysis was used for the treatment of 
acute renal failure for short-term replacement of 
kidney function. Peritoneal dialysis for manage-
ment of chronic kidney failure did not become 
popular until much later, due to the fears of under-
dialysis, malnutrition, and frequent complications 
of peritonitis. In 1959, Maxwell et al. described a 
technique of peritoneal dialysis similar to what is 
used today, utilizing commercial solutions and dis-
posable tubing [4]. In 1968 Tenckhoff and 
Schechter revolutionized the field when they pub-
lished a novel indwelling catheter implantation 
method using Dacron cuffed silicone catheters that 
allowed for long-term peritoneal dialysis in six 

patients with end-stage renal failure [5]. Finally, in 
1976 Popovich, Moncrief and colleagues intro-
duced the concept of continuous ambulatory peri-
toneal dialysis (CAPD). The authors demonstrated 
that patients could free themselves of the con-
straints of a hemodialysis machine and perform 
dialysis independently, avoiding dietary restric-
tions and improving their daily life. By 1980, 
CAPD was established as a proven method of 
renal replacement therapy [6].

�Recent Trends in Peritoneal Dialysis 
and Catheter Implantation 
Techniques

Continuous ambulatory peritoneal dialysis has 
clear and undeniable benefits over hemodialysis, 
including improved patient autonomy, quality of 
life, preservation of residual renal function, slight 
survival advantage during the first 2 years of peri-
toneal dialysis, preservation of vascular access, 
as well as economic benefit of lower costs [7–
14]. Despite these benefits and continued 
improvement in outcomes, peritoneal dialysis 
utilization in the United States has declined. 
Peritoneal dialysis use waned from 15% in mid-
1980 to 8% in 2010, with slight increase to 9% 
over the recent years [15, 16]. These rates remain 
low when compared to other countries [17]. 
Peritoneal catheters are placed using variety of 
modalities by surgeons, nephrologists and 
interventional radiologists. The technique used 
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for catheter placement plays an important role in 
the success of peritoneal dialysis, as mechanical 
complications related to implantation are among 
the leading causes of failure of peritoneal dialysis 
and need to switch to hemodialysis [18, 19]. 
Open surgical catheter insertion was first 
described in 1972 by Brewer and colleagues and 
maintained the status of the most commonly used 
modality for over 30 years. However, with intro-
duction of less invasive techniques, its use has 
fallen to 27% in the United States [20]. 
Nevertheless, it still remains the main technique 
used at certain hospitals worldwide and for cer-
tain patient populations. In the remainder of the 
chapter we focus on the open peritoneal dialysis 
catheter insertion technique and how it compares 
to the other currently used modalities in terms of 
their technique and outcomes.

�Patient Selection and Pre-operative 
Preparation for Open Technique

Contraindications to adult peritoneal dialysis 
include significant defects of the anterior abdom-
inal wall, abdominal wall or intraperitoneal 
infections, loss of peritoneal function, inflamma-
tory bowel disease, and patient’s inability to per-
form daily dialysis care [21, 22]. Severe 
intra-abdominal adhesions and obesity have been 
frequently cited as relative contraindication to 
CAPD, and remain as such for open peritoneal 
dialysis catheter placement. However, with the 
increased use of laparoscopy, safe peritoneal 
dialysis catheter implantation is now possible for 
both of these patient populations.

Regardless of the technique used, it is imperative 
to mark the patient in the pre-operative waiting area 
while they are standing and laying supine. The belt 
line should be marked and the exit site should be 
planned above or below the beltline in direct line of 
patient’s vision to ensure comfort and ease of peri-
toneal dialysis in the future (Fig. 6.1). An extended 
catheter with pre-sternal exit site should be consid-
ered for obese patients and patients with ostomies, 
to further assist with visualization and ease of 
CAPD. Patients should be examined for presence of 
abdominal wall and inguinal hernias, and if noted, 

laparoscopy should be considered. Bladder decom-
pression with a Foley catheter should be utilized to 
prevent inadvertent placement of the catheter within 
the bladder. Cathartics should be given pre- and 
post-operatively to prevent constipation.

�Catheter Types and Their 
Advantages

Tenckhoff peritoneal dialysis catheter, made of 
flexible silicone tubing, is the most commonly 
used catheter presently. A wide variety of perito-
neal dialysis catheters are available and they vary 
based on the configuration of the extraperitoneal 
and intraperitoneal catheter segments.

The most commonly used designs of the 
extraperitoneal catheter segment differ based on 
the number of cuffs and on the angle of the sub-
cutaneous portion. Peritoneal dialysis catheters 
are equipped with one or two Dacron cuffs that 
are located at the proximal catheter end. Majority 
of surgeons prefer to use double cuffed catheters 
due to the reported lower risk of infectious com-
plications [23, 24]. The cuff allows for tissue 
ingrowth, effectively fixing the catheter in place, 
guarding against leaks and infections. The super-
ficial cuff rests in the subcutaneous tissue, at 
least 2–3 cm from the exit site; while the distal 
cuff lays within the rectus muscle (Fig. 6.2). The 
orientation of the subcutaneous segment can be 

Fig. 6.1  Optimal peritoneal dialysis catheter positioning. 
Patient’s beltline is marked preoperatively, while supine and 
standing to ensure ease of future dialysis. Following sterile 
preparation, the distal end of the catheter (in this case curl-
cath) is aligned with the pubis. The insertion site is marked 
to the left of midline at the site of the distal cuff. Exit site is 
planned at least 2–3 cm caudal to the proximal cuff
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straight or permanently bent in a swan neck con-
figuration. Some studies show that swan neck 
catheters have lower rates of mechanical catheter 
dysfunction from decreased torque on the 
intraabdominal portion of the catheter, resulting 
in lower rates of catheter migration [25, 26]. 
Furthermore, swan neck catheters may lead to 
lower rates of exit site infections when compared 
to upward directed straight catheters [24]. In 
general, catheter exit site should always be 
directed downward or laterally to minimize 
infection.

The design of the intraperitoneal segment of the 
catheter optimizes dialysate exchange, while mini-
mizing the risk of migration and obstruction by 
peritoneal surfaces, bowel, or omentum. The intra-
peritoneal design is either straight or coiled, with a 
number of side openings facilitating easy dialysate 
exchange [27]. Some studies show that coiled 
catheters result in less discomfort to the patient 
during dialysate infusion, which is thought to be 
due to dispersion of the inflow force. However, 
current evidence is conflicting in terms of dysfunc-
tion rates and catheter survival in regards to intra-
peritoneal catheter design [24, 26, 28, 29].

�Technique of Open Peritoneal 
Dialysis Catheter Insertion

Open surgical peritoneal dialysis catheter place-
ment is performed using a mini-laparotomy inci-
sion. Historically, patients were placed under 
general anesthesia for catheter insertion, however 
in the mid-1980, the trend shifted to the predomi-
nant use of local anesthesia and conscious seda-
tion reducing the length of surgical recovery and 
anesthetic complications [30]. Initially, catheters 
were placed using a midline infraumbilical verti-
cal or transverse incision, or supraumbilical inci-
sion in those patients with prior celiotomy scars 
and obese abdomen. Although the catheter trajec-
tory was slightly off-midline as it passed through 
the rectus muscle, the midline insertion technique 
resulted in high rates of peritoneal fluid leakage, 
cuff extrusion and herniation [31, 32]. In order to 
reduce these complications, paramedian incision 
was adopted as the new standard in adult patient 
population [32–34]. Currently, midline skin inci-
sion with a paramedian trajectory through the 
rectus muscle is still utilized in the pediatric pop-
ulation due to their smaller size and thinner 
abdominal wall [35].

Following sterile preparation, the catheter is 
positioned over the abdomen, preferentially to the 
left of the midline. Positioning of the peritoneal 
dialysis catheter on the left side is thought to 
result in lower incidence of catheter migration 
due to downward directed peristaltic waves of the 
left colon [36]. The distal portion of the catheter is 
positioned over the pubis (Fig. 6.1). The insertion 
site is planned at the level of the distal Dacron 
cuff. The exit site is planned 2–3 cm away from 
the proximal cuff to prevent cuff extrusion and 
directed downward to minimize the risk of tunnel 
infection. Once marking is complete, the insertion 
site is infiltrated with local anesthetic and a 
4–5 cm incision is made and carried down to the 
anterior rectus sheath which is sharply opened. 
Muscle fibers are split bluntly to expose the poste-
rior rectus sheath and the peritoneum, which are 
also entered sharply. Patient should be placed in a 
Trendelenburg position, effectively shifting the 
bowel cephalad and freeing up the pelvis. The 
catheter is then inserted with the help of a stylet 

Deep cuff

Superficial cuff

Epigastric
vascular
bundle

Fig. 6.2  Peritoneal dialysis catheter trajectory as it 
passes through the anterior abdominal wall during open 
insertion technique. The catheter is inserted to the left of 
midline with a curved subcutaneous tunnel. The location 
of the distal cuff should be at least 2–3 cm from the exit 
site to prevent cuff extrusion. The distal cuff is located 
within the rectus muscle above the peritoneum and medial 
to the epigastric vascular bundle
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and blindly directed towards the pelvis. Catheter 
is secured to the peritoneum using a purse string 
suture to prevent peritoneal fluid leaks and mini-
mize the risk of peritonitis and tunnel infection. 
Peritoneal purse string is generally placed just 
below the distal Dacron cuff when double cuffed 
catheter is used (Fig. 6.3). The anterior rectus 
sheath is also tightly closed around the catheter 
with purse string suture, trapping the distal cuff 
within the rectus muscle [34]. The extraperitoneal 
catheter segment is tunneled in the subcutaneous 
space following the previously marked trajectory 
towards the exit site. Care is taken to position the 
proximal Dacron cuff at least 2–3  cm from the 
exit site to prevent cuff extrusion (Fig. 6.1). 
Finally, catheter is tested with saline infusion, 
skin is closed and sterile dressing applied.

In patients who are found to have a large omen-
tum, a partial omental resection (omentectomy) 
can be performed through the mini-laparotomy 
incision. Alternatively and to avoid the risk of 
bleeding complications with omentectomy, 
“omental hitch” (omentopexy) has been described 
with open peritoneal dialysis catheter placement. 
During omentopexy, the bulky omentum is 
displaced from the pelvis and anchored to the 

anterior abdominal wall in the epigastric region 
[37], which may necessitate a larger incision.

According to the International Society for 
Peritoneal Dialysis Clinical Practice Guidelines, 
catheter insertion should be planned at least 2 
weeks before peritoneal dialysis start, to allow for 
tissue healing, catheter incorporation, as well as 
patient training [38]. In cases when earlier start is 
necessary, peritoneal dialysis can be initiated with 
small dialysate volumes in the supine position [39]. 
However, catheter-related mechanical complica-
tions may be higher with earlier peritoneal dialysis 
start following open insertion technique [40].

�Complications of Open Peritoneal 
Dialysis Catheter Placement

The most common complications of open perito-
neal dialysis catheter placement technique 
include infections, peri-catheter dialysate leak-
age, and mechanical catheter dysfunction. 
Infectious complications related to the catheter 
placement are defined as occurring within 2 
weeks of surgery and include peritonitis and tun-
nel infections. Technique-related mechanical 
catheter problems include (1) catheter inflow and 
outflow obstruction due to omental entrapment, 
adhesions and fibrin plugs, (2) catheter migration 
into the upper abdomen, often resulting in pain 
with dialysate infusion and possible obstruction, 
(3) peritoneal fluid leakage around the catheter, 
which may predispose to infectious complica-
tions. Rare intraoperative complications include 
bowel or bladder perforation and bleeding from 
inadvertent vascular injury, requiring extension 
of the laparotomy incision for management and 
abandonment of the peritoneal dialysis catheter 
placement due to excessive risk of peritonitis.

�Comparison with Other Insertion 
Techniques

One benefit of open peritoneal dialysis catheter 
insertion is the ability to perform the operation 
under local anesthesia and conscious sedation 
with faster recovery and lesser risk to the patient. 

Anterior
rectus
sheath

Rectus
muscle

Purse
string

Peritoneum

Fig. 6.3  Peritoneal dialysis catheter deep cuff is secured 
within the rectus muscle. Purse string suture is used to 
secure the catheter at the level of the peritoneum and the 
anterior rectus sheath
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Compared to blind percutaneous insertion, place-
ment of the catheter under direct surgical vision 
permits limited intra-operative peritoneal assess-
ment, lowering rates of undiagnosed bowel injury.

Traditional open peritoneal dialysis catheter 
insertion techniques as described above, have 
been historically associated with high catheter 
dysfunction rates up to 38% due to the blind 
placement of the catheter towards the pelvis and 
the inability to perform complete lysis of adhe-
sions. These catheter problems include mechani-
cal issues, such as obstruction to dialysate flow 
due to catheter entrapment in the omentum or 
adhesions, pain and flow obstruction related to 
catheter migration, and peri-catheter fluid 
leakage.

When compared to blind percutaneous bed-
side peritoneal dialysis catheter insertion using 
Seldinger technique, open technique results in 
similar or improved catheter outcomes, depend-
ing on the series being reviewed. Nicholson et al. 
published the results of their large cohort com-
paring percutaneous to open midline peritoneal 
dialysis catheter insertion, showing a significant 
improvement in catheter survival with the use of 
open technique [41]. Blind percutaneous tech-
nique has been historically associated with high-
est rates of catheter malposition and failure rates 
up to 65%, as well as increased risks of hemor-
rhage and injury to the bowel [5]. However, oth-
ers show acceptable rates of dysfunction and low 
rates of bowel injury, comparable to open tech-
nique [42–46]. Percutaneous technique benefits 
include faster recovery and ambulation, less 
delays associated with scheduling of an opera-
tion, as well as cost saving benefits. It has been 
recommended for low risk patients in developing 
countries with poor resources [47].

Fluoroscopic-guided peritoneal dialysis cath-
eter placement method also utilizes Seldinger 
technique, with the peritoneal entry of the access 
needle confirmed by instillation of contrast under 
fluoroscopy, as well as confirmation of guide 
wire location in the pelvis. Ultrasound guidance 
is often used as an adjunct to avoid injury to the 
inferior epigastric vessels. Catheter-related 
outcomes appear to be similar to those with open 
peritoneal dialysis catheter insertion method, 

depending on the series being reviewed [48–51]. 
Additionally, hollow viscous perforation rates 
range from 0% to 4.4% [48, 52].

The use of basic laparoscopy was incorpo-
rated to visualize the peritoneum, perform lysis 
of adhesions when necessary, and direct the cath-
eter tip towards the pelvis under direct vision. 
Basic laparoscopy, as will be seen in later chap-
ters, is associated with slightly lower catheter 
dysfunction rates, up to 14% [53, 54]. In order to 
further lower catheter dysfunction rates and thus 
improve peritoneal dialysis failure rates, addi-
tional laparoscopic maneuvers such as catheter 
fixation, rectus sheath tunnel and omentopexy 
have been used, either alone or in combination, 
collectively called the advanced laparoscopic 
technique. Utilization of the advanced laparo-
scopic technique has been shown to result in even 
lower rates of catheter dysfunction. This is espe-
cially true when combination of these techniques 
is used, with dysfunction rates of 4.7% [55, 56]. 
Nonetheless, the available data comparing these 
modalities in terms of catheter dysfunction is 
sparse, conflicting and difficult to compare 
between studies because of lack of standardiza-
tion and large heterogeneity of the insertion tech-
niques used.

�Current Recommendations 
for Open Peritoneal Dialysis 
Catheter Insertion

Open peritoneal dialysis catheter placement 
technique is ideal for patients who are not good 
candidates for general anesthesia due to their co-
morbidities. Patients suspected of having perito-
neal adhesive disease due to history of prior 
operations may not be good candidates for open 
peritoneal dialysis catheter insertion method due 
to the difficulty with ensuring proper catheter 
placement in the pelvis and risk of intra-opera-
tive complications, such as bowel injury and 
bleeding. Therefore, patients with history of 
prior intra-abdominal operations should be con-
sidered for laparoscopic approach to peritoneal 
dialysis catheter placement, when possible. 
Patients with obese abdomen or evidence of 
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anterior abdominal wall or inguinal hernias 
should also be considered for laparoscopy, as 
hernia repair can be performed simultaneously 
with catheter placement. Ultimately, the choice 
of the technique rests with the surgeon, depend-
ing on their experience. Open peritoneal dialysis 
catheter insertion technique remains a safe and 
viable option for certain patient populations.
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�Introduction

Patients suffering from chronic kidney disease 
(CKD) progressing to end-stage renal disease 
(ESRD) undergoing renal replacement therapy 
may elect to use peritoneal dialysis (PD) or 
hemodialysis (HD) or pursue pre-emptive renal 
transplantation. The overall costs for patients 
receiving PD have been shown to be an average 
of $20,000 (US) per year lower than for patients 
receiving in-center HD, the savings to dialysis 
providers incentivized the use of PD. Despite this 

fact, data still shows that more than 90% of 
ESRD patients receive in-center HD treatments, 
while patients on PD and home HD combined 
account for only 10% of these patients [1]. In 
addition to the favorable economic landscape for 
PD, the patient-centric factors that may make PD 
a favorable dialysis option are the ability to per-
form dialysis at home, largely during the night 
time allowing for more flexibility during the day-
time, less interference with employment sched-
ule, ability to travel, and less dietary restrictions, 
compared to in-center HD [2]. Recent compari-
sons of early and late survival between PD and 
HD suggest an early survival advantage to start-
ing dialysis with PD and a similar longer term 
survival at 5 years [3, 4].

Therefore, PD offers patients a home dialysis 
modality which may afford unique life style ben-
efits, allow for greater ease of travel and work 
accommodation, and is a less costly dialysis 
modality. These factors have led for some clini-
cians to adopt a “PD First” position and to con-
sider PD not just for the elective start to dialysis 
but for more urgent initiation of dialysis in 
patients presenting late in the course of their dis-
ease [2, 5, 6]. The recent interest in “urgent-start 
PD” raised awareness of the need to more expedi-
tious placement of PD catheters to avoid unnec-
essary use of temporary vascular access catheters 
for HD in patients whom would otherwise be 
considered good candidates for PD.

Therefore, one of the most crucial infrastruc-
ture requirements for an urgent-start peritoneal 
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dialysis program is PD catheter placement within 
24–48 h of patient presentation [7]. This require-
ment faces obstacles in some busy academic 
institutions and private practices that use laparo-
scopic PD catheter insertion where there is sub-
optimal accessibility to surgical services for PD 
catheter placement due to backlog and waiting 
lists resulting in difficulties in surgical clinics and 
operating room scheduling.

These operational inefficiencies drew atten-
tion to a different technique for PD catheter 
placement by interventional radiologists and 
nephrologists using fluoroscopy and ultrasound 
guidance [8–13]. This technique is increasingly 
described and provides a minimally invasive, 
cost-effective approach to catheter placement 
which avoids general anesthesia or operating 
room logistical barriers. Therefore, placement of 
PD catheters by interventional radiologists and 
interventional nephrologists may be increasingly 
requested by nephrology practices, as recent pub-
lications have demonstrated the favorable impact 
of Radiologic placement of PD catheter on PD 
practices.

In this chapter, the authors will describe in 
details the technique for placement of PD cathe-
ters using ultrasound and fluoroscopic guidance. 
The technical aspects described in this chapter 
are believed to represent key steps used in the 
establishment of high-volume IR-based PD cath-
eter placement programs. The authors will 
describe the roles of ultrasound and fluoroscopy, 
provide additional technical comments, and 
describe pre- and post-procedure care.

�Techniques of PD Catheter 
Placement

Peritoneal dialysis catheter placement can be per-
formed in the operating room by surgeons or by 
minimally-invasive techniques in radiology 
suites and outpatient procedure centers. Surgical 
placement has evolved from simple open lapa-
rotomy to basic laparoscopic and advanced lapa-
roscopic techniques that include tunneling of 
catheter segments within the rectus muscle 
sheath, adhesiolysis and omentopexy [14, 15]. 

Percutaneous techniques have included blind 
placement with rigid trochar or a modified 
Seldinger technique, and the use of a peritoneo-
scope [14, 16]. The Seldinger technique has 
evolved to include initial ultrasound guidance of 
the introducer needle and subsequent fluoro-
scopic guidance for guide wire placement and 
catheter positioning [10, 12]. Successful catheter 
placement has been described with all of the 
above techniques and ultimate outcomes may be 
largely due to the experience and skill of the 
operator.

Placement by laparotomy and basic laparo-
scopic techniques has resulted in 82–87% 2-year 
patency rate [14, 17]. Recently, surgical advances 
in laparoscopic techniques improved the PD cath-
eter placement technique to involve rectus sheath 
tunneling of the catheter prior to entering of the 
abdominal cavity combined with adhesiolysis 
and/or omentopexy, if required. These advanced 
laparoscopic techniques have been reported to 
provide 96–99% 5-year patency rate [14, 15].

Despite the improved results with newer sur-
gical approaches, many institutions have 
increased placement of PD catheter using 
Interventional Radiology (IR) techniques. Use of 
ultrasound (US) and fluoroscopic guidance has 
made this procedure safe and cost effective and a 
reasonable alternative to traditional surgical cath-
eter placement. Technical success and patency 
rates from IR placed catheters appear to be equiv-
alent to basic laparoscopic results [12].

�Patient Selection and Pre-procedure 
Preparation

A history and physical examination is performed 
directed at known conditions that may generally 
contraindicate PD catheter placement such as her-
nias, presence of abdominal mesh, organomegaly, 
prior transplanted kidney, abdominal infection, or 
past abdominal or pelvic surgeries. In patients with 
prior pelvic surgery, PD catheter is better placed 
with laparoscopic technique since adhesiolysis and 
omentopexy procedures can be performed in the 
same setting. If the patient is on anticoagulants they 
are held they should be held before the procedure 
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according to the type of the anticoagulant and the 
institution/hospital protocol.

In non-urgent placements a bowel preparation 
is recommended to reduce colonic distension and 
reduce post-operative constipation that may 
affect catheter function. On the night prior to the 
procedure an enema may be administered. 
Avoiding phosphate or magnesium containing 
enemas in patients with advanced kidney disease 
is mandatory. Bisacodyl suppositories may sub-
stitute for enemas. If patients have chronic con-
stipation, oral laxatives may also be administered 
several days before the procedure. Post-procedure 
instructions to avoid constipation are also dis-
cussed with the patient.

The patient is kept fasting for at least 6  h 
before the procedure since conscious sedation 
will be administered. Pre-procedure antibiotics 
are administered intravenously with either 
cefazolin 1000 mg. Vancomycin 1000 mg is used 
if the patient is allergic to cephalosporin or peni-
cillin [14, 18]. The antibiotics are administered 1 
h prior to the procedure. The patient is asked to 
fully empty the bladder and if the patient has 
bladder dysfunction, a Foley catheter can be used 
to ensure full bladder drainage.

�Pre-procedure Abdominal Site 
Marking

Marking of the entry and exit sites of the catheter 
is performed in the pre-procedure area. The site 
marking can be performed with a non-sterile PD 
catheter or using commercially available stencils. 
The belt line is noted in sitting and standing posi-
tion while patients are fully dressed. With the 
patient in the recumbent position, the upper border 
of the PD catheter curl is aligned to upper border 
of the symphysis pubis. After aligning the catheter 
curl with the symphysis pubis as outlined above, 
the catheter length from the curled end to the deep 
rectus Dacron cuff determines the entry site loca-
tion on the skin, which should be 2–4 cm lateral to 
the midline. The exit site is then marked on the 
skin such that the superficial cuff within the subcu-
taneous tunnel is at least 2–4 cm away from the 
exit site (Fig. 7.1). The location of the catheter curl 

in relation to the symphysis pubis is an important 
determination, since catheters that extend too deep 
into the pelvis may result in infusion or drain pain 
during the PD exchanges. In the obese patient 
there may be substantial movement of the abdomi-
nal pannus so marking in the upright position to 
allow for the pannus being dependent, may assist 
in catheter localization. There is no consensus on 
left versus right side catheter placement.

�Catheter Selection

A variety of body configurations of patients has 
resulted in modification of the standard Tenckhoff 

Fig. 7.1  Diagram showing abdominal site marking done 
before the procedure. The location of the catheter curl in 
relation to the symphysis pubis is an important determina-
tion as catheters that extend too deep in the pelvis may 
result in infusion or drain pain during PD exchanges. 
When marking the entry site (small arrow) and exit site 
(large arrow), it is essential to align the upper border of 
the PD catheter curl with the upper border of the symphy-
sis pubis (curved arrow)
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catheter in terms of the length and presence of a 
pre-formed bend (swan neck) in the subcutane-
ous section of the catheter to assist in creation of 
a downward facing exit site and avoidance of the 
beltline. The chosen catheter design would allow 
for pelvic location of the distal catheter (keeping 
it out of reach of omentum) and appropriate exit 
location that is easily accessible for the patients 
and away from belt line or skin crease/folds. 
Three standard variations of the Tenckhoff cath-
eters are: straight intercuff segment, pre-formed 
bend between cuffs (Swan neck design) and a 
modular (two-piece) extended system to produce 
upper abdominal or chest exit-site locations. The 
literature is not consistent regarding superiority 
of either configuration (straight versus Swan 
neck configuration).

The authors’ preferred catheter is the Swan 
neck (pre-curved), double-cuff, curled catheter 
(Fig. 7.2). The authors feel that the swan neck 
design aids in orienting the catheter caudally into 
the pelvis. The curled distal portion of the cathe-
ter adds additional mass to encourage the distal 
catheter to remain low in the pelvis and therefore 
helps prevent cephalad migration of the distal 
end of the catheter. The curled tubing and numer-
ous inflow/outflow holes diffuse the dialysate 
gently into and out of the patient. The two cathe-
ter cuffs are anchored preperitoneal and subcuta-
neously. The pre-peritoneal cuff (deep cuff) is 
anchored within the anterior rectus sheath to 

reduce the possibility of dialysate leakage from 
the peritoneal cavity. The subcutaneous cuff 
(superficial cuff) is placed deep subcutaneously 
about 2–4 cm from the catheter exit site, to avoid 
cuff infection or extrusion. Both cuffs anchor the 
catheter via tissue in-growth and serve as a bar-
rier to infection. The catheter is prepared by plac-
ing the catheter in a surgical bowl filled with 
saline and manually compressing the Dacron 
cuffs to extrude any air within the cuffs that may 
inhibit tissue in-growth.

�Catheter Placement Procedure

�Intra-procedure Preparation 
and Monitoring
The patient is placed supine on the angiographic 
table in the procedure room. Preliminary ultra-
sound of the abdomen is performed to help deter-
mine the safest puncture site (entry site) and plan 
for the subcutaneous tunnel and the catheter exit 
site. The puncture site is defined as the site of the 
initial needle stick but, due to caudal angling of 
the needle, the entry site into the peritoneum is 
2–3  cm inferior. The subcutaneous tunnel is 
defined as the tunnel through which the catheter 
will be passed under the skin. The exit site is 
defined as the site on the skin where the catheter 
will exit from the subcutaneous tunnel. The safest 
puncture site should be determined by gray-scale 
ultrasound, color-Doppler ultrasound and fluoros-
copy. Gray-scale ultrasound will determine the 
site on the anterior abdominal wall that does not 
have bowel loops underneath, or has the maxi-
mum separation between the anterior abdominal 
wall and the bowel loops, to minimize the risk of 
inadvertent bowel puncture. On gray-scale ultra-
sound, the subcutaneous tissue is visualized as a 
superficial hypoechoic band and the rectus 
abdominis muscle is visualized as a deeper 
hypoechoic band with linear high specular echoes. 
The parietal peritoneum is visualized as a thin 
echogenic linear streak just posterior to the rectus 
abdominis muscle. The air-filled bowel loops 
demonstrate ring-down artifact caused by air  
(Fig. 7.3), while the fluid-filled bowel loops will 
appear hypoechoic. Both air and fluid-filled bowel 

Fig. 7.2  Photograph showing a swan neck (pre-curved), 
double-cuff, curled catheter
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loops might demonstrate motion on real time 
ultrasound confirming their nature. Color Doppler 
or Power Doppler ultrasound can then be used to 
confirm the absence of any large arteries, mainly 
the inferior epigastric artery and its branches, 
coursing through or deep to the anterior abdominal 
wall (Fig. 7.4). If these are present, then a search 
for a different puncture site should be attempted to 
avoid transecting these arteries which can result in 
abdominal wall or intra-abdominal hematoma. A 
site in the mid-rectus abdominis muscle is pre-
ferred for placement of the catheter compared to 
the thinner lateral or medial aspects of the rectus 
abdominis muscle since one of the cuffs of the 
catheter will be implanted in the muscle. In the 
authors’ experience, scanning for a safe puncture 
site that is 2–4 cm lateral and superior to the umbi-
licus is usually optimal. The subcutaneous tunnel 
usually makes a gentle lateral and inferior course 
towards the exit site which is located lateral and 
inferior to the initial puncture site. All planned 
sites should be marked with a pen.

The hair on the anterior abdominal wall in the 
involved area is then shaved. The abdomen is 
then prepped with an antiseptic scrub and then 
sterilely draped to provide exposure to the initial 
puncture site and the expected exit site. Mild or 
moderate sedation is performed using intrave-
nous midazolam hydrochloride and fentanyl 
citrate. Vital sign parameters (pulse, blood pres-
sure, oxygen saturation) and bedside electrocar-
diogram are continuously monitored during the 
procedure by the operating physician and a dedi-
cated nurse. Anesthesiology assistance is not rou-
tinely required but may be considered in the case 
of patients requiring CPAP ventilation or on 
chronic narcotics. If on CPAP, those patients 
should bring their own home devices to the 
procedure.

�Ultrasound Guidance

As mentioned, ultrasound guidance should be 
used in all cases for the initial puncture to ensure 
safe entry into the peritoneal cavity. The use of 
gray-scale and Doppler ultrasound allows for 
visualization and avoidance of bowel and vascu-
lar structures such as the inferior epigastric artery. 
The safest initial puncture site is again confirmed 
using ultrasound. Local anesthesia using 1% 
lidocaine is infiltrated within the skin, subcutane-
ous, and deep tissues of the anterior abdominal 
wall at the anticipated puncture site.

Fig. 7.3  Gray scale ultrasound image showing the differ-
ent layers of the anterior abdominal wall. The subcutane-
ous fat appears as a superficial hypoechoic band (large 
arrow). The rectus abdominis muscle appears as a deeper 
hypoechoic structure with linear high specular echoes 
(small arrow). The peritoneum appears as a thin linear 
hyperechoic streak deep to the rectus abdominis muscle 
(arrowhead). The air-filled bowel loops demonstrate ring-
down artifact caused by air (curved arrow)

Fig. 7.4  Color Doppler ultrasound image shows the infe-
rior epigastric artery (small arrow) coursing through the 
rectus abdominis muscle (large arrow)
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A 21 gauge micropuncture needle is usually 
used. Alternatively, a blunt tip needle such as an 
18 gauge Hawkins-Adkins needle or a Veress nee-
dle can be used. Using ultrasound guidance, the 
needle is advanced in a caudal direction towards 
the pelvis at a 45° angle from the skin surface and 
slightly laterally (Fig. 7.5). Taking a caudal and 
lateral tract through the rectus sheath, helps direct 
the catheter in the caudal direction which has 
been associated with less cephalic catheter migra-
tion in the surgical literature [14, 15]. The parietal 
peritoneal layer is well-innervated and the patient 
usually experiences transient discomfort as the 
needle traverses the parietal peritoneum. A 22 
gauge, 15  cm Chiba needle can be used in the 
obese patient and the curved low frequency probe 
can be used to assess for the needle passing into 
the peritoneal cavity, if the linear probe cannot 
provide visualization.

�Fluoroscopic Guidance

Following the ultrasound-guided entry into the 
peritoneal cavity, approximately 3–5 mL of non-
ionic contrast material can be injected and visual-
ized under fluoroscopy. The free spread of 
contrast material around the bowel loops con-
firms successful entry into the peritoneal cavity 
(Fig. 7.6). Contrast outlining the mucosal folds of 

the small bowel or the colonic haustra indicates 
inadvertent puncture of bowel. If bowel perfora-
tion occurs, the procedure is terminated in order 
to avoid catheter infection and peritonitis. The 
patient can be managed conservatively or treated 
with oral Ciprofloxacin 500 mg twice daily for 2 
weeks after which the patient can return for a sec-
ond attempt.

After visual confirmation of successful entry 
into the peritoneal cavity, a 0.018  in. nitinol wire 
that accompanies the original micro-introducer kit 
is threaded into the peritoneal cavity (Fig. 7.7). The 
nitinol wire is left in place and the 21 gauge needle 
is then exchanged over the nitinol wire for the 4 or 
5 French microsheath included in the microintro-
ducer kit (Fig. 7.8). The wire and inner stiffener of 
the sheath are then removed and contrast may again 
be injected through the sheath to confirm that the 
sheath is in the peritoneal cavity. A 0.035 in. guide 
wire, preferably a stiff glide wire, is advanced 
through the sheath and directed toward the pelvis 
under fluoroscopic guidance. During advancement, 
the wire is negotiated through the path of least resis-
tance around bowel and omentum to reach the pel-
vis. Alternately, when a larger bore needle 
(Veress-type) is used for entry, a 0.035  in. guide 
wire can be directly introduced through the needle. 
The 0.035 in. wire is ideal as it allows for manipula-
tion around the bowel and is stiff enough to allow 
catheter traction during the final catheter placement. 

a b

Fig. 7.5  (a) Photograph showing a 21 gauge micropunc-
ture needle advanced in a caudal direction towards the 
pelvis at a 45° angle from the skin surface using ultra-

sound guidance. (b) Ultrasound image showing needle 
puncture of the peritoneum using ultrasound guidance
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If advancement of the wire down to the pelvic cav-
ity is difficult or problematic due to adhesions from 
prior surgery, a 4 or 5 French angled-tip catheter 
together with the guide wire can be used to negoti-
ate down into the pelvic cavity. The 4-French 

microsheath is then exchanged over the wire for a 
6-French introducer sheath with a sidearm (Fig. 
7.9). Contrast may again be injected through the 
sidearm of the introducer sheath to confirm location 
of the sheath in the peritoneal cavity. A 2–4 cm inci-
sion is made at the site of entry of the introducer 
sheath followed by blunt dissection down to the rec-
tus abdominis muscle using a finger or curved 
hemostat (Fig. 7.10). Three hundred to 1000 mL of 
normal saline may be infused through the sidearm 
of the introducer sheath to separate the bowel loops 
and facilitate the passage of the catheter into the 
peritoneum.

The sheath is then removed and the tract is seri-
ally dilated over the wire with an 8-French, then 

Fig. 7.6  Fluoroscopic image after injection of 5  ml of 
non-ionic contrast material into the peritoneal cavity 
showing free spread of contrast material outlining the 
outer surface of the bowel loops and confirming success-
ful entry into the peritoneal cavity

Fig. 7.7  Photograph showing a 0.018  in. nitinol wire 
threaded through the introducer needle into the peritoneal 
cavity

Fig. 7.8  Photograph showing a 4-French microsheath 
introduced over the 0.018 nitinol wire

Fig. 7.9  Photograph showing the placement of a 6-French 
introducer sheath over the stiff glide wire
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12-French, then 14-French dilator (Fig. 7.11). 
Dilatation should be done under fluoroscopic visu-
alization and the dilators should be directed cau-
dally towards the pelvic cavity in the same direction 
as the original needle stick in order to avoid the wire 
and the dilator being pushed in the subcutaneous 
tissue superficial to the rectus abdominis muscle, 
rather than through the muscle into the peritoneal 
cavity. A 16-French, 15 cm peel-apart sheath, that is 
typically included in the peritoneal catheter kit, is 
advanced into the peritoneal cavity over the wire in 
the deep pelvic direction (Fig. 7.12).

The dialysis catheter is then removed from the 
saline bowl and the curled end of the catheter is 
advanced over the guide wire within the peel-
apart sheath after removing the inner dilator of 
the sheath (Fig. 7.13). The catheters contain a 
radio-opaque strip that helps to visually orient 
the catheter to maintain a straight alignment as it 
is being advanced over the wire, to avoid twisting 
of the catheter during advancement. The radio-
opaque strip also helps the Interventional 
Radiologist orient the catheter curl towards the 
same side of the needle stick. The catheter is 
advanced until the deep Dacron cuff reaches the 
rectus abdominis muscle surface. At this point, 

Fig. 7.10  Photograph showing a 2 cm incision made at 
the site of entry of the introducer sheath followed by blunt 
dissection with a finger down to the rectus abdominis 
muscle

Fig. 7.11  Photograph showing dilatation of the tract 
using a 14-French hydrophilic dilator over the stiff glide 
wire

Fig. 7.12  Photograph shows placement of 16-French 
pull-apart sheath over the stiff glide wire

Fig. 7.13  Photograph showing the peritoneal dialysis 
catheter advanced over the stiff glide wire within the pull-
apart sheath after removing the inner dilator of the sheath
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both the catheter and the sheath are advanced 
together for 1 cm over the guide wire to ensure 
that the deep Dacron cuff is located within the 
substance of the rectus abdominis muscle. The 
next step may require coordination between the 
primary operating Interventional Radiologist and 
an assistant. The pull-apart sheath is split and 
pulled in an upward fashion by the assistant, 
while the primary Interventional Radiologist 
applies a downward pressure on the peritoneal 
catheter using a blunt curved hemostat or large 
DeBakey forceps without teeth held only on the 
cuff and not the catheter, to keep the deep Dacron 
cuff inside the substance of the rectus abdominis 
muscle (Fig. 7.14).

The catheter exit site is then anesthetized with 
1% lidocaine. This exit site is typically 4 cm lat-
eral and inferior to the original peritoneal entry 
site. It is important that the catheter exiting the 
skin should be directed in a downward and lateral 
position to prevent water, perspiration, bacteria 
and skin debris from pooling in the exit site at the 
skin-catheter interface [18]. The exit site is also 
chosen to allow for the superficial Dacron cuff to 
be at least 2–4 cm away from the skin exit site 
and not closer, to reduce the chance of subse-
quent cuff extrusion. A small 5  mm incision is 
made at the planned exit site, easily performed as 
a stab incision with a 12 F scalpel. The subcuta-

neous tissue between the planned exit site and the 
initial peritoneal entry site, where the catheter 
will be tunneled, is then also anesthetized with 
1% lidocaine. It is important not to make an inci-
sion that is significantly larger than the size of the 
catheter since suturing at the exit site is strictly 
prohibit due to the high risk of infection.

The proximal end of the catheter is then 
attached to a tunneling stylet that is included in 
the catheter kit. The catheter is tunneled toward 
the exit site in a gentle lateral-then-inferior arc. 
The catheter is brought out of the exit site allow-
ing the superficial Dacron cuff to be 2–4 cm away 
from the skin exit site. Caution should be exer-
cised during the tunneling process to avoid dis-
placement of the deep Dacron cuff from the 
rectus abdominis muscle (Fig. 7.15).

The catheter adapter, included in the catheter 
kit, is attached to the outer end of the catheter and 
20  mL of non-ionic contrast material may be 
injected through the catheter under fluoroscopic 
visualization to exclude any catheter kink in the 
subcutaneous tunnel or at the peritoneal entry 
site, and to confirm the proper location of the 
curled distal tip within the pelvic portion of the 
peritoneal cavity (Fig. 7.16).

The catheter should then be tested for functional 
patency, by injecting up to 1 l of normal saline 
through the catheter to demonstrate free infusion 
and draining of fluid. A portion of the infused nor-
mal saline may be retained in the peritoneal cavity 

Fig. 7.14  Photograph showing the pull-apart sheath 
being split and pulled in an upward fashion by the assis-
tant, while the primary Interventional Radiologist applies 
a downward pressure on the peritoneal catheter using a 
blunt curved hemostat to keep the deep Dacron cuff inside 
the substance of the rectus abdominis muscle

Fig. 7.15  Photograph showing tunneling of the perito-
neal dialysis catheter towards the exit site in a gentle 
lateral-inferior arc
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due to the patient’s recumbent position with pool-
ing of fluid in the deep pelvic gutter. Alternately, 
and less time consuming, is the infusion of a single 
20 mL infusion of fluid followed by inspection of 
the column of fluid within the catheter observing 
for respiratory variation. If drained fluid is blood 
tinged additional flushing can be done until clear.

�Incision Closure and Dressing

The entrance incision is closed in two layers. The 
subcutaneous tissue of the incision is closed and 
sutured with 2-0 Vicryl absorbable suture fol-
lowed by skin closure with 4-0 Monocryl absorb-
able suture. Topical skin adhesive may be applied 
to the sutured skin. Sutures are explicitly avoided 
at the exit site to avoid infection.

An extension catheter, which serves as the 
transfer set for the dialysis solution provider, is 
attached to the adapter to close the catheter sys-
tem and maintain a sterile distal capping of the 
catheter (Fig. 7.17). The catheter and transfer set 
are entirely covered with gauze and then covered 
with a transparent, semi-occlusive dressing. The 

gauze underneath the transparent dressing is 
important to absorb any moisture and to prevent 
contact between the catheter and the dressing, 
which might lead to catheter dislodgement while 
removing the dressing before the dialysis 
session.

The initial dressing placed during the proce-
dure should be exchanged by a health care pro-
vider using sterile technique at 7 days and then 
sterilely redressed with similar bandage for an 
additional 7 days [14, 19]. Ideally the initial ban-
dage change should be performed by an 
experienced peritoneal dialysis nurse while 
observing sterile procedure and wearing a mask 
and sterile gloves. The catheter exit site and inci-
sion are cleaned with only normal saline. 
Betadine and hydrogen peroxide solutions 
should be avoided due to cytotoxicity. Sterile 
gauze and semi-occlusive Tegaderm dressings 
should be re-applied using the same technique 
described above. After the 2 week interval, the 
exit-site care can be initiated by the patient with 
exit site prophylaxis with mupirocin cream or 
gentamicin [14, 20, 21]. If the PD catheter is to 
be used acutely, the transfer set can be excluded 
from the dressing to allow easy access to the 
transfer set cap and facilitate connection to the 
dialysate bag or cycler. Immersion bathing is 
prohibited for 21 days except for sponge baths 

Fig. 7.16  Fluoroscopic image shows non-ionic contrast 
injected through the catheter under fluoroscopic visualiza-
tion to exclude any catheter kinking in the subcutaneous 
tunnel or peritoneal entry site, and to confirm the proper 
location of the curled distal tip within the pelvic portion of 
the peritoneal cavity

Fig. 7.17  Photograph showing transfer set connected to a 
titanium adapter
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and the exit site should be kept dry until com-
plete healing which typically occurs after 
21 days. Heavy lifting of more than 5 kg should 
be avoided for 4  weeks after the procedure to 
prevent dislodgment of the deep cuff from the 
rectus abdominis muscle.

�Outcomes

PD catheter placement by interventional radiolo-
gists has been advocated as a cost-effective, effi-
cient, and safe procedure [22]. The procedure 
still carries the risk of tunnel infection and perito-
nitis, bowel perforation, major and minor leaks, 
and primary catheter dysfunction [23]. However, 
several publications reporting on catheter out-
comes have documented similar outcomes 
between catheters placed by traditional surgical 
techniques and catheters placed by IR using fluo-
roscopic imaging techniques.

A prospective randomized non-inferiority 
study reported 113 PD catheter insertions ran-
domly assigned to laparoscopic placement under 
general anesthesia by a surgeon or fluoroscopic 
guided placement under local anesthesia by inter-
ventional radiologists [24]. Individuals were eli-
gible if they were ≥18 years and suitable for both 
laparoscopic and radiological PD catheter inser-
tions. Exclusion criteria included severe obesity 
[body mass index (BMI) >35], previous abdomi-
nal surgery or a history consistent with adhe-
sions, severe medical comorbidity precluding 
general anaesthesia, bleeding diatheses, antico-
agulation, HIV infection, ongoing corticosteroid 
or immunosuppressant use, severe psychiatric 
disease and definite plans for live donor kidney 
transplantation. The composite endpoint of 
complication-free survival by day 365 was 
reported and included all mechanical and infec-
tious complications. The authors also assessed 
occurrence of catheter removal, death from any 
cause, pain during the procedure, time required 
for the procedure, time required in the procedure 
room, length of admission and direct hospital 
costs. They reported superior complication-free 
catheter survival in the interventional radiology 
group compared to the surgical group. The 

interventional radiology group had significantly 
reduced hospital costs. The authors concluded 
that PD catheter placement by IR was clinically 
non-inferior and was a cost-effective alternative 
to traditional surgical catheter placement.

Another study compared 1-year outcomes in 
52 fluoroscopically placed catheters versus 49 
surgically placed catheters [25]. Although the 
differences in complication rates between the two 
techniques did not reach statistical significance 
there was a trend towards greater leakage, mal-
function, malposition and bleeding in the surgical 
group. Additional reports suggest equivalency of 
outcomes by the traditional surgical and percuta-
neous techniques [26, 27]. A retrospective study 
reported 286 PD catheter insertions of which 153 
catheters were placed using laparoscopic tech-
nique under general anesthesia by a surgeon and 
133 were placed using fluoroscopic guided tech-
nique under local anesthesia by interventional 
radiologists [28]. All patients who received cath-
eters radiologically or laparoscopically, either as 
first or repeat procedures, were included. 
Exclusion criteria were age younger than 
18  years, catheter placement for reasons other 
than the treatment of ESKD, and open surgical 
procedures. There was no significant difference 
in the unadjusted 365-day complication-free 
catheter survival or overall catheter survival 
between the two groups. Patient survival was bet-
ter in the laparoscopic group which was inter-
preted by the authors to be due to the preferential 
selection of the radiologic insertion for frail 
patients.

Only the newer and less utilized advanced 
laparoscopic placement techniques appear to 
have superior outcomes to fluoroscopically 
placed catheters [17].

In conclusion, PD catheter placement by 
interventional radiologists is a cost effective, 
minimally invasive alternative to traditional sur-
gical and laparoscopic placement in the operat-
ing room under general anesthesia. In many 
centers, this alternative may offer a more expedi-
tious way to schedule and place peritoneal dialy-
sis access. IR placement with ultrasound and 
fluoroscopic guidance offers enhanced safety 
and confirmation of catheter placement into the 
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pelvis. IR catheter placement in the late-referred 
ESRD patient may allow for urgent initiation of 
PD and avoidance of temporary vascular access 
catheters.
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Advanced Laparoscopic Insertion 
of Peritoneal Dialysis Catheters

Ivy N. Haskins and Steven Rosenblatt

�Introduction

One in ten adult Americans, or an estimated 20 
million people, have some form of chronic kidney 
disease [1]. From the years 1980 through 2009, 
the incidence of end-stage renal disease (ESRD) 
requiring renal replacement therapy (RRT) 
increased by 600% [1]. More interesting than 
these statistics is the fact that the use of peritoneal 
dialysis (PD) has been steadily declining in the 
United States [2, 3]. In 1980, the incidence of PD 
in patients with ESRD was 15% while current 
reports estimate that only 7% of patients with 
ESRD are utilizing this form of dialysis [2, 3].

A variety of hypotheses have been proposed to 
help understand the decline in the use of PD nation-
ally. Most of these explanations center around the 
perceived, or even real, differences in morbidity 
and mortality rates between those patients who 
undergo hemodialysis (HD) and those patients who 
are started on PD [2–4]. However, it has been our 
experience that finding surgeons who are willing to 
place peritoneal dialysis (PD) catheters is even 
more of a contributing factor.

Prior to the publication of best-demonstrated 
practices of PD catheter placement, this was a 

procedure that was fraught with high rates of non-
function. These poor results subsequently led to a 
decline in surgeon and patient enthusiasm for this 
form of dialysis. Indeed, the long-term success of 
PD is predicated on the proper placement of a PD 
catheter. In this chapter, we will discuss the indi-
cations for laparoscopic PD catheter placement, 
our surgical technique, and outcomes with this 
type of renal replacement therapy.

�Indications and Patient Selection 
for Laparoscopic PD Catheter 
Placement

The transition of the patient with chronic kidney 
disease (CKD) to dialysis therapy is an often 
overwhelming and life changing event for patients 
and their families alike. Our role as surgeons is to 
make this transition as seamless as possible. The 
best way to ensure successful initiation of PD is 
early assessment of the patient with CKD [4]. In 
order for this evaluation to occur, surgeons must 
work in coordination with the PD team, including 
the nephrologists and the PD nurses, so that 
patient referral and evaluation is not delayed.

In general, patients should be evaluated by a 
general surgeon well in advance of the estimated 
time of dialysis initiation. PD catheter placement 
and the initiation of PD are rarely performed on 
an emergent basis. Without proper foresight, 
patients who originally planned to start with PD 
may unexpectedly experience a precipitous 
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decline in their renal function. In such situations, 
emergent HD is initiated and the transition there-
after from HD to PD is logistically challenging 
[4]. Therefore, it cannot be overemphasized that 
careful planning and communication with all 
members of the team are crucial.

The advantages of the laparoscopic approach 
to PD placement are multifold and include tech-
niques to prevent catheter tip migration and cath-
eter occlusion, management of intra-abdominal 
adhesions, and identification and possible pre-
emptive repair of abdominal wall hernias not pre-
viously diagnosed [4]. Integrating laparoscopy 
into the surgical placement of PD catheters helps 
to minimize the risk of long-term complications 
which in turn provides for durable, and uninter-
rupted, access to the peritoneal cavity. Because of 
these advantages, we firmly believe that laparo-
scopic PD placement should be the standard of 
care for all ESRD patients able to tolerate general 
anesthesia and pneumoperitoneum.

�Laparoscopic PD Catheter 
Placement Technique

This section will detail the operative technique for 
PD catheter placement at our institution. Like all 
surgical procedures, there is more than one safe 
and effective technique for PD catheter placement 
and our method should be adapted for surgeon 
comfort with the described techniques and institu-
tional restrictions. In summary, the steps to suc-
cessful PD catheter placement include:

	1.	 Use of a double-cuff Tenkhoff type catheter
	2.	 Careful determination of insertion incision, 

subcutaneous tunnel configuration, and exit 
site location

	3.	 Paramedian insertion site
	4.	 Rectus sheath tunneling of the catheter
	5.	 Prophylactic omentopexy (as needed)
	6.	 Prophylactic adhesiolysis (as needed)
	7.	 Location of the deep catheter cuff within the 

rectus sheath
	8.	 Location of the superficial subcutaneous cath-

eter cuff at least two centimeters from the exit 
site

�Patient Positioning and Induction 
of Anesthesia

Patients are brought to the operating room and 
placed supine on the operating room table. 
General anesthesia is induced at the discretion of 
the anesthesia team with the usual considerations 
for those patients with ESRD. Unless contraindi-
cated by the presence of a graft or fistula, we pre-
fer to tuck both arms. Tucking the arms is 
particularly helpful when laparoscopic adhe-
siolysis is necessary as this facilitates the ability 
of both the surgeon and the camera operator to be 
on the same side of the table. A footboard is man-
datory, as the patient will eventually be placed 
into the steep reverse Trendelenburg position. 
The abdomen is then widely shaved, prepped, 
and draped.

Although there are many different catheters 
available, we strictly utilize the basic 
Tenckhoff type double-cuffed catheters with a 
straight segment or swan neck arc bend 
between the cuffs. The decision as to which 
type of catheter we use is patient dependent. 
The straight catheter is used far more often in 
our practice, mainly due to patient body habi-
tus. An important consideration for catheter 
type is the location of the patient’s belt line. 
Ideally, the catheter should exit the abdominal 
wall either above or below the belt line for 
patient comfort. Similarly, the presence of 
incisions, ostomies, and more commonly skin 
folds in obese patients must be taken into con-
sideration when determining the exit site in 
order to minimize the risk of catheter malfunc-
tion or infection.

�Catheter Mapping

Catheter mapping, just like venous mapping for 
arteriovenous fistula formation, is crucial to the 
success of PD catheter placement [5]. Some 
institutions prefer to use catheter stencils for this 
portion of the procedure. However, we prefer to 
use the catheter itself as a guide. There may be 
an inherent variability of the catheter lengths and 
dimensions based on the manufacturer of the 
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catheter. Therefore, only the stencil that 
corresponds with the particular catheter to be 
placed during surgery should be used to produce 
accurate preoperative mapping [5].

Regardless of which type of catheter is being 
placed, determining the location of the insertion 
incision for the intramuscular tunnel is the first step 
in PD catheter placement. Under sterile conditions, 
the tip of the curled portion of the catheter is placed 
overlying the pubis. Using gentle upwards traction, 
and taking care not to place undue tension on the 
catheter, the location of the distal cuff (that which is 
closest to the curled portion) is marked with a sterile 
marker overlying the rectus muscle. Traditionally, 
this incision has been placed over the left rectus 
muscle but this location is dependent on prior surgi-
cal wounds, the presence of a stoma, and any exist-
ing skin breakdown. Should any of these conditions 
be present on the left side of the abdomen, then the 
PD catheter may be placed on the right side to mini-
mize the risk of catheter malfunction and infection.

Next, and while still using the catheter as our 
guide, the planned exit site is marked out. When a 
Swan neck catheter is placed, the exit site is deter-
mined by the natural curve of the catheter into the 
lower abdomen, again keeping in mind the loca-
tion of the belt line, incisions or skin folds. 
Determining the exit site with a straight catheter is 
a bit more complex. First, the catheter is grasped 
two centimeters above the proximal cuff while the 
distal cuff is held in place at the previously marked 
rectus muscle incision site. Moving the proximal 
cuff as if it were a compass, a gentle arc is created 

in the upper abdomen using a sterile marker from 
90° to 0° with respect to the distal cuff. A point 
30° from the distal cuff is then marked on the arc, 
which serves as the planned exit site (Fig. 8.1).

In order to minimize the potential for cuff 
extrusion, it is imperative to keep the subcutane-
ous cuff at least two centimeters from the exit site. 
To this end, the catheter is grasped four centime-
ters from the proximal cuff, a gentle bend is cre-
ated with the catheter, and this point is aligned 
with the previously determined exit site (Fig. 8.2). 
This line defines the planned path for subcutane-
ous tunneling of the portion of the PD catheter 
between the proximal and distal cuffs, while 

DC

PC

TI

a b

Fig. 8.1  Catheter mapping. The transverse incision (TI) is marked overlying the left rectus muscle (a). The distal cuff 
(DC) is held in place while an arc is made on the abdominal wall using the proximal cuff (PC) (b)

ES

ST

CM

Fig. 8.2  Exit site marking. The exit site (ES) is at a 30° 
angle to the distal cuff /transverse incision. In order to 
determine the trajectory of the subcutaneous tract (ST), 
the catheter is grasped four centimeters from the proximal 
cuff and aligned with the previously identified ES. Care is 
taken to ensure that the ES is far enough away from the 
costal margin (CM)
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keeping the proximal cuff well away from the 
skin. In planning the location of the catheter exit 
site, it is imperative to always be cognizant as to 
the location of the costal margin so that this posi-
tion is not too close to the rib.

Finally, the length of the rectus sheath tunnel 
must be marked. A six-centimeter rectus sheath 
tunnel is normally developed, although a shorter 
four-centimeter tunnel may be required for obese 
patients. The proximal extent of the intramuscu-
lar tunnel is the planned location of the deep PD 
catheter cuff. A ruler is used to mark 4–6 cm dis-
tal to this site (towards the pubis) based on the 
patient’s body habitus (Fig. 8.3).

�Entrance into the Abdominal Cavity

Unless otherwise contraindicated due to previous 
surgery or skin issues, we prefer to place a five-
millimeter trocar in the right upper quadrant. It is 
important to avoid periumbilical incisions, as this 
location does not provide for adequate visualization 
of the tunnel, and may lead to future hernia. Entrance 
into the abdomen is performed using a 5  mm, 
0-degree scope as well as an optical viewing trocar. 
Once the abdomen has been accessed, CO2 insuffla-
tion is begun and the 0-degree scope is switched out 
for a 30-degree scope. A careful diagnostic laparos-
copy is performed.

Before the placement of additional trocars, the 
location of adhesions and/or previously undiag-
nosed hernias is appreciated. Additional 5  mm 
trocars are placed as necessary for adhesiolysis 
or herniorrhaphy. If no adhesions are present, 
then a second 5 mm port is routinely placed in the 
right lower quadrant. Further details regarding 
lysis of adhesions and concurrent hernia repair 
are described in further detail below.

�Lysis of Adhesions

Adhesions lead to abdominal and pelvic compart-
mentalization that can cause incomplete dialysate 
drainage during PD. Similarly, such scarring can 
prevent visualization of the posterior abdominal 
wall where the intramuscular tunnel is to be cre-
ated. For these reasons, adhesions in the pelvis 
and lower abdominal wall should be addressed at 
the time of PD catheter placement. Please keep in 
mind that excessive adhesiolysis is oftentimes not 
beneficial for PD catheter function and therefore 
more superior adhesions can be left alone [4]. 
Indeed, upper abdominal adhesions between the 
omentum and the abdominal wall may sometimes 
serve as a natural omentopexy, keeping the omen-
tum out of the retrovesical space.

If indicated, our practice is to perform adhesioly-
sis using sharp dissection without the use of an 

PPT

ES

ST

TI

Fig. 8.3  Preoperative 
mapping. The landmark for 
preoperative mapping is 
the transverse incision (TI). 
Distal to the TI is the site 
of the preperitoneal tract 
(PPT) while proximal to 
the TI is the catheter exit 
site (ES) and subcutaneous 
tract (ST) for the proximal 
portion of the catheter
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energy device, if possible. Although this method is 
a bit more tedious, we feel that it minimizes the risk 
of thermal injury to other intra-abdominal struc-
tures. Previous abdominal or pelvic surgery should 
not be a deterrent to attempting laparoscopic PD 
catheter placement. However, it is important to real-
ize that intra-peritoneal adhesions are sometimes so 
severe that the PD catheter cannot be safely placed. 
Therefore, the possibility that catheter placement 
may not be feasible should be discussed in detail 
prior to surgical intervention with any patient who 
has a history of previous major abdominal and/or 
pelvic surgery. Nevertheless, we do not feel that 
prior abdominal surgery is a contraindication to 
catheter placement as it is impossible to predict the 
extent of adhesive disease preoperatively [6, 7].

�Omentopexy and Resection 
of Epiploic Appendages

Catheter obstruction or dislodgement is most 
often caused by the omentum falling into the ret-
rovesicular space and less frequently by the epi-
ploic appendages occluding the PD catheter. 
Because catheter obstruction is the most common 
reason for abandonment of PD for HD, it is 
imperative to preemptively address these causes 
at the time of PD catheter placement.

In order to determine if the patient requires an 
omentopexy, the patient is placed into the steep 
reverse Trendelenburg position. If the omentum 
falls into the retrovesicular space, then the omen-
tum will have to be retracted out of the deep pelvis. 
It should be noted that omentopexy is at least 
equivalent to omentectomy for the management of 
the omentum in these cases. As omentopexy has 
decreased associated morbidity, it is the preferred 
option for the management of the omentum [4].

In order to perform an omentopexy, the patient 
is placed back into the supine position and a 
small stab incision is made in the left upper quad-
rant with an 11-blade scalpel. This incision is 
usually above the planned PD catheter exit site. 
The omentum is then retracted into the upper 
abdomen using a laparoscopic soft bowel grasper. 
A suture passer with a nonabsorbable suture is 
used to take several bites of the omentum. The 

suture is then grasped with a Maryland forceps 
and the suture passer is withdrawn. Through the 
same skin incision, but with a different trajectory 
through the fascia, the suture is handed back to 
the suture passer and brought out through the 
skin. The stitch is then used to secure the omen-
tum to the abdominal wall and out of the pelvis 
(Fig. 8.4). Great care must be maintained in order 
to remain well away from the transverse colon 
during this portion of the procedure. The efficacy 
of the omentopexy is confirmed by placing the 
patient back into the steep reverse Trendelenburg 
position to ensure that the omentum no longer 
falls into the retrovesicular space. If the omentum 
still falls into the pelvis, then the omentopexy 
should be redone, either at a point superior to the 
original incision or with a larger bite of omentum 
secured to the abdominal wall.

Epiploic appendages are fat-filled projections 
most commonly found in the region of the sig-
moid colon [4]. When small, these appendages do 
not interfere with PD catheter function. However, 
these attachments can be up to 15 centimeters in 
length. The longer the epiploic appendage, the 
more mobile it is, and the more likely it is to lead 
to PD catheter occlusion. When these structures 
are noted to interfere with PD catheter function, 
there are two options for their management. 
Firstly, the epiploics can be removed with the use 
of an energy device. A bowel grasper holds the 
appendage in place while the energy device is 
used to amputate it from the colon. Care must be 
taken to ensure that the site of resection is far 
enough away from the colon so that the colon 
does not sustain inadvertent thermal injury. These 
appendages should be removed either through a 
10-mm port or with the assistance of a specimen 
collection bag if more than one appendage is 
removed. Far easier in our opinion is to simply 
secure one or two of the epiploics to the lateral 
abdominal wall in a manner, which is very similar 
to an omentopexy (Fig. 8.5). Again, through a 
two-millimeter stab incision, the suture passer 
and a permanent suture can be used to ‘lasso’ the 
distal epiploics and secure them to the upper and 
lateral abdominal wall. Again, great care has to be 
maintained when performing this procedure in 
order to prevent injury to the colon.

8  Advanced Laparoscopic Insertion of Peritoneal Dialysis Catheters



96

�Hernia Repair

Careful consideration must be given to repairing 
previously undiagnosed abdominal wall or ingui-
nal hernias that are detected at the time of 
laparoscopy, due to the risk of hernia enlarge-
ment or symptom progression with the initiation 
of PD. The decision to proceed with hernia repair 
must be considered in the context of the specific 
risks and benefits of hernia repair in this patient 
population. Specifically, hernia repair with mesh 

increases the potential for catheter non-function 
from omental and bowel adhesions as well as 
mesh infection should the patient experience PD 
catheter-associated peritonitis [8, 9]. On the other 
hand, hernia repair utilizing primary suture repair 
has led to an unacceptably high rate of recurrence 
in our experience, except when the hernia defects 
are quite small. Surgeons must be mindful of 
these very real risks when deciding how best to 
manage previously undiagnosed abdominal wall 
and inguinal hernias at the time of laparoscopy.

a b c

Fig. 8.5  Management of epiploic appendages. Large 
epiploics (a) are pulled up to the abdominal wall using 
a small bowel grasper. The suture passer is not passed 
through the epiploic itself. Rather, the epiploic is 

passed through a loop of suture (b) and secured to the 
abdominal wall (c). Care should be taken to ensure that 
the colon is identified and excluded from any epiploic 
lasso

a b

Fig. 8.4  Omentopexy. Omentum is grasped with a small bowel grasper into the left upper quadrant. A suture passer is 
passed through the omentum (a) which is then secured to the abdominal wall (b)
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After taking all risks and benefits of concomi-
tant hernia repair at the time of PD catheter place-
ment into account, the laparoscopic approach has 
been the preferred approach when an unexpected 
defect is identified. Traditionally, abdominal wall 
hernias are sutured closed and reinforced with 
synthetic mesh placed into the peritoneal cavity, if 
indicated by the size of the hernia. Inguinal her-
nias are repaired using a standard transabdominal 
preperitoneal (TAPP) approach with synthetic 
mesh reinforcement. TAPP is preferred to total 
extra-peritoneal repair (TEP) as the preperitoneal 
dissection required with TEP repair often inter-
feres with the intramuscular catheter tunnel.

Over time however, it has become our practice 
to simply avoid repairing hernias when they are 
discovered at the time of PD catheter placement. 
Rather, the presence of a ventral or inguinal her-
nia is documented in the operative report at the 
time of PD catheter placement. Should the hernia 
enlarge or become symptomatic, it may be 
repaired at a later date. This approach allows for 
mesh to be placed in the preperitoneal space dur-
ing ventral hernia repair, which absolves the risk 
of catheter malfunction from adhesive disease to 
the mesh previously discussed. Furthermore, 
symptomatic inguinal hernias can be repaired 
using an open technique, which prevents the risk 
of pelvic adhesion formation that may occur fol-
lowing a TAPP repair.

�Tunneling and PD Catheter 
Placement

As previously stated, we prefer to place PD cath-
eters to the left of the umbilicus, although there is 
no literature to support one side over the other. 
Using the tunneling site that was marked at the 
beginning of the operation, a two-centimeter 
paramedian incision is made overlying the left 
rectus muscle. Dissection is carried down through 
the subcutaneous tissues until the anterior fascia 
is exposed. Starting at the most cranial aspect of 
the incision, a five-millimeter incision is created 
in the fascia to expose the underlying rectus mus-
cle. A 7/8 mm cannula and dilator trocar access 
needle is advanced through the rectus abdominus 

muscle in a perpendicular fashion until it is just 
superior to the posterior sheath (Fig. 8.6). This 
portion of the procedure is performed under direct 
visualization with the laparoscope. The trocar is 
then tunneled on the surface of the posterior rec-
tus sheath toward the pelvis for a distance of four 
to six centimeters, depending on the size of the 
patient. The extent of the tunnel is identified by 
injecting 0.25% Marcaine through the abdominal 
wall at the point which had been marked out at the 
beginning of the procedure. Once the trocar has 
reached the end of the dissected tunnel, down-
ward pressure is maintained in order to gain entry 
through the peritoneum and into the pelvis.

As previously mentioned, we use a Tenckhoff-
type double-cuffed catheter. Several studies have 
found no statistically significant difference in 
rates of technical failure between straight versus 
curled catheters. In our practice, we have used 
coiled-tip catheters exclusively [10–12]. The PD 
catheter is placed over a lubricated stylet and 
guided through the tunneled intramuscular tract 
into the peritoneal cavity under direct visualiza-
tion. The catheter is advanced into the pelvis and 
the retrovesicular space until the distal cuff is 
visualized. This cuff is then pulled back until it is 
within the intramuscular portion of the tunnel.

A Maryland grasper or similar device is used 
to grasp the catheter within the peritoneal cavity 
while the stylet and trocar are removed. A 2-0 
absorbable suture is used to reapproximate the 
fascia of our proximal tunnel. This stitch should 
be placed with great care to ensure that the fascial 
closure does not incorporate the PD catheter or 
put undue pressure on the catheter lumen causing 
partial occlusion. Using a Faller stylet, our proxi-
mal catheter is then tunneled through the abdom-
inal wall just above the fascia and brought out 
through the planned exit site. During this aspect 
of the procedure, it is again best to grasp the dis-
tal catheter with a laparoscopic instrument in 
order to make sure that the catheter is taut through 
our subcutaneous tunnel and is not pulled out of 
the pelvis. The proximal cuff should then be at 
least several centimeters away from our exit site 
to prevent eventual irritation of the skin by 
extrusion of the cuff itself. The catheter is then 
secured to a titanium adaptor.
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�Confirmation of PD Catheter Function

The catheter should be tested to ensure that it is 
working properly prior to completion of the case. 
The patient is placed back into the reverse steep 
Trendelenburg position and CO2 insufflation is 
released. Using sterile IV tubing, a 500 mL bag of 
sterile saline is placed to gravity and infused 
through the PD catheter and into the peritoneal 
cavity. Flushing through the catheter should be 
easy due to gravity. If the flow is weak, this usually 
indicates that there is kinking of the catheter within 
either the intramuscular, or more commonly, the 
subcutaneous tunnel. After verification of excel-

lent flow into the peritoneal cavity, the saline is 
then drained from the abdomen, using simple 
gravity drainage into a sterile basin. Again the 
flow should be brisk and without resistance.

If there are concerns regarding either flow into 
or drainage out of the peritoneal cavity, then the 
catheter should be carefully re-evaluated as poor 
flow in the operating room is indicative of cathe-
ter malfunction and non-function postoperatively. 
The patient is returned to the supine position, 
insufflation is resumed, and trouble shooting of 
potential causes of PD catheter malfunction is 
performed. As previously discussed in this chap-
ter, the potential sources of catheter malfunction 

a b

c d

Fig. 8.6  Preperitoneal, rectus sheath tunneling. A can-
nula and dilator system is inserted perpendicular to the 
rectus muscle at the site of the transverse incision (a). 
This system is advanced towards the pelvis through the 
space between the rectus muscle and the peritoneum (b). 
The needle dilator is withdrawn (c) and the peritoneal 

dialysis catheter is advanced through the cannula into the 
peritoneal cavity (d) (This image was published in 
Kidney International Supplemental, John Crabtree, MD, 
“Selected Best Demonstrated Practices in Peritoneal 
Dialysis Access” pages 527-37. Copyright Elsevier 
2006).
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include insufficient omentopexy, catheter tip 
migration out of the pelvis, large epiploic append-
ages not previously addressed, or kinking or 
leakage of the catheter within the intramuscular 
tunnel. The source of PD catheter malfunction 
should be identified and addressed followed by 
repeat testing of PD catheter function until there 
is free return of the injected sterile saline.

�Securing the PD Catheter in Place

Upon completion of the operation, the patient is 
flattened out and the CO2 insufflation is begun once 
again. The abdomen should be carefully inspected 
to ensure that there is adequate hemostasis. 
Appropriate positioning of the catheter is verified. 
The insufflation is once again released and all tro-
cars removed. The subcutaneous incisions should 
be closed according to surgeon preference for skin 
closure. The catheter should be connected to a 
transfer set, injected with approximately 50 mL of 
heparinized saline (5000 units of Heparin in 50 mL) 
to prevent fibrin clot formation, followed by a 
Betadine cap. The catheter exit site is secured with 
a sterile non-occlusive dressing. A catheter anchor-
ing stitch predisposes the patient to early exit site 
and tunnel infection and should never be used. The 
catheter can be adequately immobilized on the 
abdominal wall with sterile adhesive strips and pro-
tected by an appropriately applied dressing.

If the patient is not anticipated to begin PD for 
several months, the catheter may be embedded 
into the subcutaneous tissue with interval exter-
nalization when dialysis access is required. The 
embedding technique has been proposed to help 
decrease the risk of PD-related peritonitis events 
by allowing the PD catheter to heal in a sterile 
environment [4, 13–16].

�Patients Outcomes 
Following Laparoscopic PD 
Placement

PD has been shown to be an effective mode of 
dialysis over both the short- and long-term [4, 
17–21]. In fact, PD is preferred to HD for the 
preservation of residual kidney function which 

has been shown to lead to a short-term survival 
advantage [5, 22, 23]. Patients who undergo PD 
are also offered self-autonomy through a home 
renal replacement modality with an improved 
quality of life compared to patients who undergo 
HD [2, 4]. Furthermore, the most common rea-
sons for PD catheter malfunction, mainly cathe-
ter tip migration and omental occlusion, have 
been successfully addressed by proactive laparo-
scopic techniques of rectus sheath tunneling and 
selective omentopexy [2]. In a study published by 
our institution in 2010 that details the adoption of 
lysis of adhesions, selective omentopexy, and 
rectus sheath tunneling proposed by Dr. Crabtree, 
no patient experienced catheter outflow occlu-
sion due to omental blockage or catheter tip 
migration out of the pelvis. Furthermore, the rate 
of PD catheter malfunction decreased from 
36.7% to 4.6% [22]. Subsequently, reasons for 
transfer from PD to HD, including catheter 
related peritonitis and inadequate filtration, have 
received great attention in the recent years, lead-
ing to improvement in PD techniques [2].

Nevertheless, PD is not for every patient. The 
advantages offered with an independent mode of 
renal replacement therapy also come with increased 
patient responsibility for treating their disease. 
Although previously we preferred to place PD 
catheters mainly in younger, healthier patients as a 
bridge to renal transplantation at our institution, we 
have found that this modality can be just as suc-
cessful and satisfying for those patients who are not 
or never will be on the transplant list. Indeed, we do 
not consider previous operations, size and age as 
contraindications to peritoneal dialysis.

�Conclusion

Peritoneal dialysis is an underutilized option for 
renal replacement therapy. Proactive techniques 
enabled by a laparoscopic approach, such as 
adhesiolysis, omentopexy and rectus sheath 
tunnel leads to a decreased incidence of catheter 
malfunction with subsequent improvement in 
the long-term durability of this dialysis option. 
The success of peritoneal dialysis relies on the 
adoption of these techniques along with the col-
laboration and early referral of patients with 
chronic kidney disease to the general surgeon.
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Pre-sternal and Extended 
Catheters

Fahad Aziz and W. Kirt Nichols

�Introduction

Placement of a peritoneal dialysis catheter with 
minimal or no complications is the key to the suc-
cess of peritoneal dialysis. Peritoneal dialysis is 
now a well-established dialysis modality with 
fewer associated cardiovascular effects as com-
pared to hemodialysis but it continues to be an 
underutilized modality. USRDS 2009 reported 
only 7.2% of the dialysis population on perito-
neal dialysis as of 2007 [1]. A part of this prob-
lem is due to catheter-associated issues. 
Successful peritoneal dialysis depends on the 
permanent and safe access to the peritoneal cav-
ity. A well-placed peritoneal dialysis catheter not 
only allows adequate dialysis but has less 
mechanical or infectious problems. Flanigan 
et al. in 2005 concluded that 20% of the patients 
are transferred to permanent or temporary hemo-
dialysis due to catheter related issues and infec-
tions [2]. With the improvement in the surgical 
techniques, frequency of catheter related infec-
tions is going down but mechanical complica-
tions of peritoneal dialysis access continue to be 
a major concern for this patient population.

This chapter will review the different PD cath-
eters in use with a focus on the insertion of Swan- 
Neck Missouri Pre-sternal PD catheters.

�Background of PD Catheters 
Development

The word “peritoneal dialysis” was used com-
monly in German literature in 1920s and 1930s, 
where it referred to the removal of toxins from 
the blood through peritoneal membrane. In 1923, 
Ganter first ever described his experience of peri-
toneal dialysis in animals and two patients with 
the help of needles used for paracentesis [3]. 
Later, multiple experiments were done on ani-
mals to establish successful access to the perito-
neal cavity. In 1934, Balazs and Rosenak 
performed the first ever continuous flow perito-
neal dialysis in two patients with mercury dichlo-
ride poisoning [4]. In 1938, Wear et al. reported 
the first patient who survived after successful 
peritoneal dialysis [5]. Progress, however, 
seemed to halt during time of Second World War. 
But in mid 1940s, due to increasing number of 
renal failure patients during the time of time of 
war, multiple reports came to surface.

In 1946, Seligman, Frank and Fine performed a 
series of experiments in nephrectomized dogs to 
determine suitable peritoneal access, optimal dialy-
sis fluid and optimal flow of continuous flow perito-
neal irrigation [6]. That was the first closed system 
that used continuous inflow and outflow through 
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temporary catheters. This initial closed circuit was 
associated with high incidence of peritonitis.

Maxwell et  al. made major progress in mid-
1950 when he reported successful peritoneal 
dialysis in a series of 76 patients [7]. They ini-
tially introduced multiple side-hole catheters, 
which improved the performance of the system, 
and then by introducing a semi-rigid nylon 
design, they prevented catheter kinking. They 
then introduced a “paired bottle” technique, 
which used gravity for instillation and drainage.

In 1965, Henry Tenckhoff began to treat the 
patients on chronic peritoneal dialysis [8]. He 
introduced the concept of home peritoneal dialy-
sis by using silicon rubber tubing, which can be 
used multiple times. His technique was success-
ful in his hands but was over-all cumbersome. 
This initial design underwent multiple revisions 
until the most successful design was introduced 
which consisted of silicone rubber tube with a 
coiled intra-peritoneal portion and two Dacron 
cuffs at the peritoneum level, promoting tissue in 
growth which prevents peri-catheter leaks. This 
catheter was named after Dr. Tenckhoff. The 
Tenckhoff catheter became gold standard for the 
peritoneal access. Even after 50  years, the 
Tenckhoff catheter in its original form has 
remained the most widely used catheter type. 
Over time, it has been found that the Tenckhoff 
catheter is associated with exit site infection, 
recurrent peritonitis, external cuff extrusion and 
obstruction due to change in the position of cath-
eter and omental wrapping around the catheter.

In 1976, Stephen et al. introduced a subcutane-
ous catheter to prevent exit infections [9]. Their 
catheter had two tubes in the peritoneal cavity with 
a subcutaneous reservoir. With each dialysis, the 
reservoir needed to be punctured. But with recur-
rent access to the reservoir, peritonitis episodes 
became a problem. Later, Gotloib et al. introduced 
a prosthesis, consisting of Teflon tube [10]. The 
prosthesis was implanted surgically with the head 
located in the subcutaneous tissue and the tube 
penetrating through the parietal peritoneum.

Several catheters have been introduced since 
then with the goal of decreasing multiple 
complications associated the standard Tenckhoff 
catheter. In 1985, Twardowaski et al., introduced 
silicone rubber “Swan-neck” catheters [11]. 

These catheters are permanently bent between 
two cuffs. The advantage associated with these 
catheters was insertion without distorting the 
shape of the catheter. Later, in 1992, Twardowaski 
et al. introduced modified “Swan-neck” catheters 
with exit site on the chest instead of abdomen. 
Moncrief et  al. further modified the Swan-neck 
catheters with an elongated external cuff [12].

�Peritoneal Dialysis

Chronic dialysis is a life-sustaining treatment for 
the patients with end stage renal disease. Due to 
lack of financial and clinical resources, dialysis 
access continues to remains limited through out 
the globe. With the growing burden of end stage 
renal disease and better understanding of perito-
neal dialysis physiology, it’s important for the both 
developing and developed countries to place the 
pattern of peritoneal dialysis use in a global con-
text. Dialysis experts now agree that if feasible, 
peritoneal dialysis should be the starting dialysis 
modality for this group of patients [13]. Besides 
giving more freedom to the patient, it is gentle on 
the cardiovascular system. But despite these facts, 
peritoneal dialysis continues to be an under uti-
lized modality. As per one estimate, only 11% of 
the chronic dialysis patients are treated with peri-
toneal dialysis. This encompasses nearly 197,000 
patients worldwide [14]. Considering its effect on 
socioeconomics, according to one global survey, 
the developing countries are adopting this tech-
nique at a higher rate than the developed countries. 
An adequate access to the peritoneal cavity will be 
the key to success of peritoneal dialysis globally.

�Currently Used Peritoneal Catheters

Today most peritoneal catheters used for chronic 
dialysis consist of two parts: Intra-peritoneal and 
extra-peritoneal. The extra-peritoneal part of the 
catheters is again composed of two parts: an intramu-
ral part and an external part. There are many combi-
nations of intra and extra – peritoneal catheters are 
available for use today. As per American dialysis 
conference (ADC) 2005, Tenckhoff catheters have 
remained the most used catheters worldwide [15].
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The Tenckhoff design has silicone rubber tub-
ing with two polyester Dacron cuffs. The intro-
duction of Dacron cuffs has been shown to be 
associated with a twofold advantage: (1) 
Decreasing the incidence of peritoneal fluid 
leaks; (2) decreasing the rates of peritoneal infec-
tions. These catheters are found with both straight 
and coiled intra-peritoneal portions.

Followed by Tenckhoff catheters, Swan-neck 
catheters were found to be the second most com-
monly used catheters. The permanent bend in the 
catheters is useful to prevent obstruction, cuff 
erosion and migration of these catheters. The use 
of Swan Neck catheters is preferentially recom-
mended by the international society of peritoneal 
dialysis [16] (Fig. 9.1).

	A.	 Tenckhoff Catheters:

Makeup: These catheters are made up of Silicone 
rubber with one or two polyester (Dacron) 
1 cm long cuffs.

Dimensions: Internal diameter is 2.6 mm while 
external diameter is 5 mm. The lengths of the 
segments are: Intra-peritoneal 15 cm, intramu-
ral (Inter-cuff) 5–7 cm and external 16 cm.

The intra-peritoneal part has several perforations 
along with the distal portion of the catheter.

Coiled vs Straight Tenckhoff catheters: The 
coiled Tenckhoff catheters are preferred over 
straight ones due to decreased “jet-effect” and 
pressure discomfort during filling and emptying.

Both coiled and straight Tenckhoff catheters are 
provided with a barium-impregnated radi-
opaque stripe to assist in radiological visual-
ization of the catheter.

	B.	 Swan- neck peritoneal catheters:

Twardowaski et  al. in 1993 [17], showed the 
complications associated with peritoneal 
dialysis catheters could be lowered if the 
double cuffed catheters were implanted 

Fig. 9.1  Intraperitoneal and extraperitoneal PD catheter designs (Courtesy of W. Kirt Nichols, MD)
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through the belly of the rectus muscle and 
with both internal and skin exits of the tunnel 
directed downwards. But, resulting arcuate 
tunnel can lead to extrusion of the external 
cuff in straight catheters due to shape mem-
ory. Swan-neck catheters have a permanent 
bend between the two cuffs, which make 
them perfect match for the arcuate tunnel to 
avoid extrusion. With downward facing inter-
nal and skin exits, the rate of infections can 
be significantly decreased. Further, adding a 
coiled intra-peritoneal portion can reduce the 
pain and pressure discomfort with infusion. 
The intra-peritoneal segment in all swan neck 
catheters is 34 cm from the bead to the tip of 
the coil.

�Swan-Neck Presternal Catheters

The chest is a sturdy structure with minimal 
motion. A catheter exit site on the chest has the 
advantage of: Minimal wall movement, decreas-
ing chances of trauma and contamination due to 
the piston like movement of the superficial cuff 
in the abdominal wall. Twardowaski and Nichols 
in 1992 and 1993 modified Swan-neck perito-
neal catheters to have an exit on the chest with 
preservation of all the advantages of the Swan-
neck peritoneal coiled catheters [12]. The Swan-
neck pre-sternal catheter is composed of two 
silicone rubber tubes, which are cut to an appro-
priate length and connected end to end at the 
time of implantation: (Figs. 9.2 and 9.3). The 

great flexibility permitted by cutting the upper 
portion to length in the operating room means 
that the catheter exit site can actually be tailored 
to come out anywhere on the upper abdomen or 
lower chest as the patient and surgeon determine 
to be the best.

Fig. 9.2  Presternal peritoneal dilaysis catheter system 
including curl cath, extension piece and titanium connector 
(Courtesy of W. Kirt Nichols, MD)

Fig. 9.3  Pre-sternal -Missouri Swan Neck Catheter inser-
tion into peritoneal cavity with close-up of titanium con-
nector joining the two portions of catheter (Courtesy of 
W. Kirt Nichols, MD)

Features of Swan-Neck 
catheters

Advantages of specific 
features

1. Downwards Exit Prevents Exit/Tunnel 
infections

2. Coiled intra-
peritoneal tip

Prevents Infusion/pressure 
pain

3. Insertion through 
rectus muscle

Avoid peri-catheter leak due 
to excellent tissue ingrowth

4. Downward 
intraperitoneal 
entrance

Prevents intraperitoneal tip 
migration

5. Permanent bend 
between cuffs

Prevents external cuff 
extrusion
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	A.	 Abdominal Tube (Lower Portion):

The abdominal tube constitutes the intra-
peritoneal catheter segment and a part of the 
intramural segment. This portion is identi-
cal to the Swan-neck abdominal catheter 
with exception of no bend and absence of 
the second cuff. The proximal end of the 
lower tube is straight with a redundant 
length, to be trimmed to the patient’s size at 
the time of implantation. The two compo-
nents are connected with a titanium 
connector.

	B.	 Chest tube (Upper Portion):

The chest portion of the tube constitutes the 
remaining part of the intramural segment and 
the external catheter segment. This portion 
has two porous Dacron cuffs, a superficial and 
middle cuff, spread 5  cm apart. The tube 
between the cuffs has a permanent bent sec-
tion defining an arc angle of 180°. The distal 
lumen of the upper tube communicates with 
the proximal lumen of the lower tube through 
the titanium connector. The tubing grip of the 
connector is strong enough to avoid spontane-
ous separation of the tubes.

�Advantages of Swan-Neck Pre-sternal 
Catheters

More than 20 years after the introduction of pre-
sternal catheters, they tend to perform better as 
compared to the abdominal catheters with respect 
to removal due to exit and tunnel infections, peri-
tonitis and overall survival [18, 19]. Patients with 
ostomies and obesity also do better with the chest 
catheters as compared to the abdominal catheters. 
Patient acceptance of the pre-sternal exit site is 
also good due to psychological and body image 
reasons. A chest exit location allows a tub bath 
without the risk of contamination. Pre-sternal 
catheters are also very advantageous in small 
children because of the greater distance from 
diapers and are subjected to lesser trauma during 
crawling and with falls.

Advantages of pre-sternal Swan-neck catheters

1. Decreased risk of exit site infection

2. Decreased risk of peritonitis

3. Decreased risk of intra-peritoneal tip migration

4. Decreased risk of peri-catheter leaks

5. Better Psychosocial acceptance of the catheter

�Patient Selection

The success of the peritoneal dialysis is dependent 
of the correct patient selection. There are only a 
few absolute contraindications to the initiation of 
peritoneal dialysis which include: Active perito-
neal infections (Diverticulitis or severe inflamma-
tory bowel disease, etc.) or uncorrectable 
pleuo-peritoneal connections. A majority of the 
relative contraindications are usually dependent on 
the institutional experience with peritoneal 
dialysis.

A majority of nephrologists now agree that the 
patients, if appropriate, should be offered perito-
neal dialysis at the start of the dialysis in order to 
better preserve the residual renal function. Over 
time, concerns have been expressed regarding 
PD-dependent negative impact on survival but it 
has been also shown that PD provides survival 
advantage at least during the first few years being 
on dialysis. Frequent patient evaluation is essen-
tial to allow prompt adjustments in the dialysis 
prescription and modality when required. 
Important patient-related factors while consider-
ing PD include: Diabetes, large and small body 
size, peritoneal membrane transport status, age 
group and socioeconomic status.

Once the patient has been determined to have 
the functional capability for performing perito-
neal dialysis, the relative surgical contraindica-
tions must be considered. The preoperative 
evaluation of a patient also includes a thorough 
surgical history and physical examination. 
Previous open abdominal operations are not a 
contraindication to PD catheter placement but 
adhesions formed to the anterior abdominal wall 
can increase the risk of abdominal access.

Generally, PD catheters do not require a long 
time to mature as compared to primary AV-fistulas. 
Typically from placement to training requires 
2–3 weeks to before starting peritoneal dialysis.
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Advantages of peritoneal dialysis

1. Preservation of residual renal function

2. Increased Survival in first 2 years

3. Patients with Coronary artery disease

4. Patients with advance liver cirrhosis and recurrent 
ascites

5. More patient mobility

6. More economical

7. Decreased rate of infections

Pre-sternal catheters have an advantage over 
abdominal catheters as they can be used in patients 
with obesity, with a history of multiple abdominal 
operations, or ostomies. Many of our patients find 
the “pre-sternal” location preferable for reasons of 
hygiene and general care of the catheter, especially 
those patients with urostomies, cololostomies, and 
those with marked obesity.

Indications of pre-sternal dialysis catheter placement

1. Obese patients (Less Subcutaneous tissue on chest 
wall in obese patients)

2. Previous multiple abdominal operations

3. Patients with ostomies

4. Diapered children

�Surgical Technique

Pre-sternal PD catheters may be placed using tra-
ditional open surgical placement and laparo-
scopic techniques. In this section we will discuss 
the technique as well significant merits associ-
ated with each of these insertion methods.

�Open Insertion Technique

Open surgical placement of peritoneal dialysis 
catheters such as Tenckoff catheters or Swan-
Neck catheters should begin with a standing 
evaluation of the patient noting the belt line as 
well as marking with indelible ink identification 
of this landmark which is not obvious when the 
patient is supine on the operating room table, 
location of abdominal scars, hernias and osto-
mies. We also advocate supine examination with 
the patient lifting their head off the table. This 

maneuver, much like in preoperative marking 
for ostomy sites, allows easier identification of 
the rectus musculature. Proper identification of 
the rectus ensures that the incision will allow 
trans-rectus placement of the catheter an occa-
sional problem in those with diastasis recti 
(Fig. 9.4). This has been shown to decrease not 
only peri-catheter site leakage, but also catheter 
tract infections which can predispose towards 
peritonitis by allowing better tissue ingrowth 
into the cuffs [19].

The patient is positioned supine. Arm position-
ing is surgeon dependent, however, we find it 
easier to perform the pre-sternal tunneling and 
chest incision with the patient’s arms tucked into 
the side and padded. After induction of appropriate 
anesthesia, 3–5 centimeter (cm) incisions is 
marked, usually lateral to the approximate 
location of inferior epigastric vessels but centered 
over the left rectus muscle, and the presternal inci-
sion and path of the catheter is also marked 
(Fig. 9.5). Next, an incision is made. Electrocautery 
is used to deepen incision and self-retaining 
retractors such as Weitlaner, are used to facilitate 
exposure. Care should be taken to have meticu-
lous hemostasis as post-operative hematoma 
potentially becomes a source of catheter infec-
tion. The incision is deepened to the anterior rec-
tus sheath which is opened transversely.

Once encountered, rectus muscle fibers are 
separated in the direction of their fibers with a 
muscle sparing technique by spreading hemostat 
in a cephalad-caudad direction and this exposure 
is maintained by a self-retaining retractor. Once 
the posterior sheath is encountered, a small inci-
sion is then made through the posterior sheath/
peritoneum and a pursestring suture is placed of 
approximately 1.5  cm diameter is placed. 
Elevation of this incision with forceps grasping 
the edges allows air to enter the abdomen creat-
ing a pneumoperitoneum and separates the vis-
cera from the anterior abdominal wall.

The catheter of choice is then prepared on the 
back table by soaking the Dacron cuffs in saline 
and then flushing the catheter. At this point, a 
stiffening stylet is placed into the catheter. This 
provides extra support in a straight catheter to 
facilitate positioning and straightens the coiled 
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catheter so that is may be placed in the pelvis 
more easily. Care should be taken in either the 
straight and coiled catheter to leave approximately 
1 cm of soft catheter beyond the stylet to mini-
mize trauma to the viscera during placement.

The catheter with the stiffening stylet is then 
used to guide the catheter carefully by feel into 
the pelvis. This is accomplished by elevation of 
the posterior sheath/peritoneum and by directing 

the stylet anteriorly and caudally until the area of 
the pubis is reached and then allowing it to fall 
posteriorly into the pelvis. If any resistance is 
felt, the catheter should be pulled back and redi-
rected. Once placed, the catheter is held in place 
and the stylet carefully removed. Each catheter 
variation is then placed to its appropriate level 
(e.g. Missouri catheter placed so that purse string 
can be tied above the bead, or Lifecath disc 
folded and placed with discs beneath the perito-
neum and one on the anterior sheath). Once the 
defect is closed in the posterior sheath and the 
deep cuff secured in place, a short (approximately 
1.5 cm) tunnel is created in a cephalad direction 
through the anterior sheath and the catheter 
pulled through the anterior sheath into the subcu-
taneous space (Fig. 9.6).

To complete the pre-sternal insertion, cre-
ation of a small pocket on the chest wall is done 
using a vertical incision to the left of the ster-
num/manubrium. This pocket needs to be wide 
enough to allow the preformed curve to again lay 
flat on the chest wall. At this point, the pre-ster-
nal catheter containing two further Dacron cuffs 

Fig. 9.5  Marking on the skin before exertion of the Pre-
Sternal Missouri Swan neck Catheter (Courtesy of W. Kirt 
Nichols, MD)
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Fig. 9.4  Examination of abdomen giving consideration for old scars, location of rectus (diastasis), ostomies, belt line 
(Courtesy of W. Kirt Nichols, MD)
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is tunneled subcutaneously down to the previous 
incision using a vascular tunneler. These 2 cath-
eters are then cut to appropriate length and con-
nected using a supplied titanium connector. At 
this point, a 0 Ethibond suture is hand-tied 
around the connector on each end and then tied 
together. This creates a reinforced connection 
that is sturdy enough that we have never seen 
separation of the catheters in the tunnel. Once 
satisfied with catheter length and flow, the chest 
wall catheter should be externalized approxi-
mately 3 cm below the superficial cuff using a 
sharp trochar attached to the PD tubing. In a 
male the exit site is aimed laterally toward the 
nipple. In a woman we tunnel medially to avoid 
traversing the breast tissue. At this point, we rec-
ommend closing all incisions with absorbable 
suture in multiple layers. An infusion is done to 

test function and a fluoroscopic C-arm study is 
done to confirm placement.

�Laparoscopic Technique

Presternal catheters may also be inserted using a 
laparoscopic technique. The ability to obtain 
minimally invasive access has had an increasing 
role in both the initial placement of peritoneal 
dialysis catheters as well as in revisions and repo-
sitioning. A discussion of the optimal method of 
abdominal entry technique is beyond the scope of 
this chapter and is covered in Chap. 8. For lapa-
roscopic insertion of PD catheters, the insertion 
of the abdominal segment with cuff in the rectus 
sheath is performed using the standard best prac-
tices of preoperative marking and planning of 

Anterior
rectus sheath

Rectus
muscle

Bead-flange arrangement is important
to stabilize the catheter and to prevent leaks

Purse-string suture

Posterior
rectus sheath

Transversalis
fascia

Parietal
peritoneum

Flange suture

Purse string

Bead

Fig. 9.6  Missouri Swan-Neck Catheter insertion into peritoneal cavity (Courtesy of W. Kirt Nichols, MD)
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insertion site. In addition it has been recom-
mended that the use of rectus sheath tunnel and 
omentopexy may significantly reduce catheter 
dysfunction [20]. The parasternal incision should 
be planned 4–5  cm lateral to the midline but 
avoiding the fleshy part of the breast. As in Fig. 
9.3 The swan neck presternal segment is aligned 
so the exit site is medial and at least 2.5–3 cm 
from the midline and 3–4 cm below the level of 
the transverse incision. Similar to open insertion 
a vascular tunneler is used to tunnel the pre-
sternal segment from chest to abdominal wound. 
The segments are then measured and the excess 
is trimmed. In an obese patient the catheter seg-
ments may need to be cut shorter to account for 
the depth of subcutaneous fat. The segments are 
pulled up through the abdominal wound and con-
nected using the titanium adapter and then pulled 
into the tunnel [21]. Completion of the procedure 
is similar to the open technique described above. 
If one chooses to use an upper abdominal exit site 
the technique is the same except a small subcos-
tal incision is used for tunneling and the exit site 
is 3–4 cm lateral and inferior to this.

�Peritoneal Dialysis Catheter 
Removal

Peritoneal dialysis catheter removal is an infre-
quent procedure. It is typically done for one of 
three indications: (1) Catheter not needed after 
kidney transplant, (2) For patients with recurrent 
peritonitis, (3) Patients changing from peritoneal 
dialysis to hemodialysis, usually for a reason of 
non/malfunction.

The design of a chronic peritoneal dialysis 
catheter should ensure excellent tissue ingrowth 
into the cuffs to fix the catheter in place and pre-
vent leak. This very design characteristic means 
that the catheter needs to be removed operatively 
and not at the bedside. This may be accomplished 
using conscious sedation and local or a general 
anesthetic. The patient’s abdomen and chest are 
prepped and draped in a typical fashion.

In the case of an abdominal catheter the old 
abdominal incision is reopened and the catheter is 
identified by palpation. The sheath around the 

catheter is opened and the dissection is carried to 
the level of the cuffs. The cuffs are freed up with a 
combination electrocautery and sharp dissection. 
Once the cuffs and/or flange are freed up the purse 
string suture at the peritoneal level is divided and 
the catheter pulled from the abdomen. The small 
defect into the peritoneal cavity is closed usually 
with a single suture 2-0 Proline. Any additional 
cuffs in the subcutaneous tissue are likewise freed 
up using electrocautery. The catheter is divided in 
the subcutaneous space and the external portion of 
the catheter is pulled free. Any fascia defects are 
closed with non-absorbable suture and the subcu-
taneous tissue and skin are closed with absorbable 
suture. A gauze wick is inserted in the exit site to 
act as a drain for a few days.

If the patient has a pre-sternal catheter, the 
removal of the abdominal portion is done exactly 
the same as above. The pre-sternal portion of the 
catheter is ligated and divided through the abdomi-
nal incision, and the abdominal portion is removed. 
The pre-sternal incision is reopened and the cath-
eter identified by palpation. The sheath surround-
ing the catheter is opened and both subcutaneous 
cuffs are freed up with electrocautery. The distal 
ligated distal portion of the catheter is pulled up 
into the wound and the catheter is divided just 
beyond the superficial cuff just beneath the exit 
site. The upper portion of the catheter submitted as 
a specimen for gross examination unless infected 
when specimens are sent for cultures. The wound 
is closed in a normal fashion using 3-0 absorbable 
sutures in the subcutaneous tissue and a 4-0 mono-
filament subcuticular suture. A piece of gauze is 
tucked in to the exit site to act as a wick drain.

�Early Post-operative Care 
of the Catheters

After placement of the catheter, a plain X-ray of 
the abdomen, if not done in the operating room, 
can be done to check the position of the catheter. 
Catheter-tip location in the pelvis usually predicts 
excellent catheter function. PD catheter flushing 
is usually done afterwards by the dialysis nurse; 
exchanges are performed until the dialysate 
return is clear. Heparin can be added to the 
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dialysate to dissolve the fibrin debris. There is no 
consensus how frequently the catheter should be 
flushed after the placement of the catheter. Most 
of the centers prefer to perform the flushing usu-
ally once a week. Peritoneal dialysis, is usually 
delayed at least 2 weeks after the catheter place-
ment, which allows better healing of the perito-
neum, and helps prevents leak. Peritoneum 
equilibrium tests are usually performed 4 weeks 
after the placement of the catheter (Fig. 9.7). 
Within last 10 years, urgent start PD has gained 
considerable interest. Treatments are usually per-
formed with low fill volumes in supine position 
to avoid peri-catheter leaks.

�Complications

�Early Complications – Peritoneal 
Access Related

	1.	 Minor Bleeding complications:
Blood-tinged dialysate is common post 
implantation but usually get resolved with 
post-implantation flushing. Minor bleeding 
occurs due to inadequate surgical hemostasis 
at time of implantation. Due to increased 
length of subcutaneous tunnel and abundant 
vasculature of the anterior chest wall, the risk 
of minor bleeding is higher with the pre-
sternal catheters as compared to the abdomi-
nal catheter.

	2.	 Peri-catheter Leak:
Peri-catheter leaks are also considered an 
early complication. A wait of 2–4 weeks post 
implantation usually allows enough time for 
healing and tissue ingrowth and avoids peri-
catheter leak. If there is an urgent need to start 
dialysis, low volumes should be used to avoid 
peri-catheter leaks.

	3.	 Poor Dialysate Return:
Poor dialysate return is usually due to cathe-
ter obstruction. Tip obstruction by bowel and/

or bladder or intra-luminal formation of clot 
is the most common causes of catheter 
obstruction. If bladder and/or bowel are the 
cause of poor dialysate return, emptying 
bladder and use of a laxative may restore 
catheter function. Post-implantation, catheter 
flushing usually prevents clot formation in 
the catheter. We recommended having the 
catheter flushed weekly to prevent intra-lumi-
nal clot formation. Use of heparin and force-
ful injection through the tubing into the 
peritoneal can dislodge the clot. If these 
maneuvers are unsuccessful, thrombolytics 
like tissue plasminogen activator or uroki-
nase may open the obstruction in a small 
number of patients.

	4.	 Two-Way obstruction:
Two-way catheter obstruction is usually due 
to catheter kinking in the tunnel. It is recog-
nizable on an abdominal X-ray. Surgical cor-
rection is needed as soon as the diagnosis is 
made. If there is no catheter kinking but there 
is two-way obstruction, omental wrapping or 
multiple adhesions are usually the reason. 
Omentectomy or adhesionolysis using lapa-
roscopy may be required.

	5.	 Reverse One-way obstruction:
In reverse one-way peritoneal dialysis cathe-
ter obstruction, fluid can be drained but can’t 
be installed for next cycle. It’s extremely rare 
condition and is usually due to partial obstruc-
tion of the catheter with clot, which causes 
inflow obstruction. The clot can be removed 
with suction.

	6.	 Intra-abdominal injury:
The risk of intra-abdominal injury is higher 
in the patients with previous abdominal inju-
ries. Injuries can occur during entry in to the 
abdomen or during the positioning of the 
catheter in the pelvis. It is usually recom-
mended that patients with previous opera-
tions should have initial laparoscopy done to 
evaluate the feasibility of access into the 

Rinse until clear – discharge same day
Dressings – inspect and change weekly; Check for drainage, fever, bleeding
Flush catheter weekly
Immobilize catheter
No bath or shower till healed

Fig. 9.7  Post-operative care
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pelvis for placement of the catheter. Viscus 
perforation is extremely rare with the surgical 
placement of the catheter.

�Outcomes

Several studies have evaluated the overall clinical 
outcomes of patients with end-stage renal disease. 
When evaluating the mortality rate, it is important 
to keep in mind that life expectancy of those with 
end-stage renal disease is only roughly 20–25% 
less than the general population. Despite improve-
ments in dialysis over the years, only 54% of HD 
patients and 65% of PD patients are alive at 3 years 
after ESRD onset [22]. In studies comparing trends 
in dialysis patients, however, there are a number of 
interesting observations that have been made.

It should first be noted that overall mortality 
related to end-stage renal disease is significant. 
Many studies have been done to try to understand 
the reasons including those related to the modality 
of dialysis chosen. One fairly consistent trend that 
is elicited from the dialysis population data is that 
PD offers an early survival advantage over 
HD. Peritoneal dialysis patients are routinely seen 
to have significantly lower mortality rates in the 
first 2 years with dialysis dependent end-stage 
renal disease [23, 24]. The reasons for this are not 
entirely clear; however, this effect is consistently 
noted. We also consistently see that patients who 
are transferred from PD to HD suffer an increased 
mortality risk in the first 6 months after the change-
over. This is likely due to the generally poorer 
health of those who suffer a peritoneal dialysis 
catheter complication necessitating at least tempo-
rary transfer to hemodialysis. After the initial sur-
vival advantage, rates equalize and by 5 years there 
appears to be a slight, but not statistically signifi-
cant, increase in survival for HD patients [25].

Patient preference related to dialysis modality 
remains important. One of the risk factors consis-
tently associated with increased mortality is lower 
overall health-related quality of life [26]. This has 
also been a factor in multiple studies comparing peri-
toneal to hemodialysis. The results of these studies 
have not been consistent. A recent meta-analysis was 
completed to help solidify the conclusions of previ-
ous studies; No statistically significant difference in 

health-related quality of life can be consistently 
found among the data confirming better quality of 
life using one modality of dialysis over the other [27].

�Summary

Peritoneal dialysis offers an excellent alternative 
method for renal replacement therapy for a wide 
range of patients. The importance of patient 
selection must not be underestimated. Patients 
must have an adequate understanding of the life-
style they are choosing since the patient or their 
care givers are the ones directly responsible for 
taking care of their access. Failure to properly 
care for the site, as well as the catheter, can result 
in loss of access due to infectious complications.

Surgical placement of peritoneal dialysis cathe-
ters encompasses a range of techniques which the 
individual surgeon can tailor to his/her practice. 
However, patient criteria should also be evaluated 
as patients will have better ability to care for their 
access when placed in an easily visible location 
(pre-sternal or upper abdominal) and this can help 
to prevent late infectious complications. In our 
present practice, virtually every patient gets a 
Presternal catheter. Those patients particularly ben-
efiting by placement on the chest wall are those 
patients who are morbidly obese or those with an 
ostomy or intertrigenous skin problems which may 
predispose to exit site infections if catheter exit was 
on the abdominal wall. Likewise, extended catheter 
with exit in the subcostal region may offer similar 
benefits and not require as long of a tunnel.

Regional practice patterns will continue to 
play a role in the prevalence of peritoneal dialysis 
as an alternative method of renal replacement 
therapy in each community. As the vast majority 
of end-stage renal disease patients are controlled 
by nephrology referral patterns, any access sur-
geon performing PD catheterization procedures 
should make attempts to educate local nephrolo-
gists that PD access can be accommodated for 
any good candidates. Although no study consis-
tently confirms an improvement in health-related 
quality of life, there are many patients with end-
stage renal disease that find the ability to perform 
their own renal replacement therapy on schedule 
liberating.

9  Pre-sternal and Extended Catheters
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Buried Catheters: How and Why?

Seth B. Furgeson and Isaac Teitelbaum

�Introduction

Successful peritoneal dialysis requires a well-
functioning catheter that can be used long-term. 
For the practitioner, there are many choices that 
must be made regarding catheter placement. The 
catheter itself can have one or two cuffs and have 
coiled or straight intra-abdominal segments. 
Placement of peritoneal catheters can be per-
formed using open or laparoscopic surgical 
approaches as well as percutaneous approaches. 
In 1993, Moncrief and Popovich described a new 
variation of catheter placement [1]. Instead of 
immediately externalizing a peritoneal catheter, 
the distal end was embedded in the subcutaneous 
fat while the catheter was allowed to heal. The 
distal end was exteriorized at a later point and 
peritoneal dialysis was begun. This chapter will 
highlight the benefits and disadvantages of this 
technique and review outcomes data regarding 
this procedure.

�Rationale Supporting Buried 
Catheter

When the Moncrief-Popovich technique was first 
described, the proposed benefit was a reduction 
in infectious complications. Since the catheter is 
placed in a sterile subcutaneous pocket while the 
surgical wound heals, there is a decreased chance 
for periluminal or intraluminal migration of bac-
teria. The formation of a mature, well-healed tun-
nel in the absence of bacteria allows a 
bacteriologic barrier to develop. When the cath-
eter is eventually exteriorized through a newly 
created exit site, it extends through a well-healed 
tunnel.

A related benefit to buried catheters is a 
reduction in dialysate leaks. Dialysate leaks can 
significantly compromise dialysis therapy and 
impair quality of life for patients on dialysis. In 
non-buried catheters, it is recommended that 
full volume dialysis not be performed for 2 
weeks. Since buried catheters have typically 
been allowed to heal for many weeks, tissue 
ingrowth has sealed the catheter tunnel. 
Therefore, full volume dialysis can be initiated 
when dialysis is begun with a low likelihood of 
dialysate leaks.

As this technique has been introduced to clin-
ical practice, it has become apparent that there 
are other benefits to using a buried catheter 
approach. Use of buried catheters may provide 
psychological benefits for patients and possibly 
improve utilization of peritoneal dialysis. 
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Patients with advanced chronic kidney disease 
(CKD) will ideally have the catheter placed 
before needing dialysis. In that period of time, it 
is easier for the patient to have an embedded 
catheter that requires no local care or activity 
limitations. For patients who may be hesitant in 
choosing peritoneal dialysis, this approach may 
increase acceptance of peritoneal dialysis. 
Patients may consider it similar to placing an 
arteriovenous fistula (AVF) months before the 
initiation of hemodialysis.

In many centers, there may only be one or two 
practitioners who specialize in the placement of 
peritoneal catheters. Therefore, prompt place-
ment of peritoneal catheters may not always be 
feasible. Since it is difficult to predict when a 
patient will require dialysis, placement of buried 
catheters allows flexibility regarding the timing 
of dialysis initiation. Patients who plan to do 
peritoneal dialysis may develop urgent indica-
tions for dialysis. If they do not have peritoneal 
dialysis catheter ready to use, hemodialysis is 
often started through a venous catheter.

Buried catheters also require fewer resources 
to maintain. After a catheter is exteriorized, the 
exit site requires local wound care and the cathe-
ter must be flushed frequently. Non-buried cath-
eters are more resource-intensive because dialysis 
staff or patients must perform these actions 
before the patient needs dialysis. Buried catheters 
also require wound care and catheter care; how-
ever, this is only necessary once the catheter is 
externalized and dialysis is begun.

�Description of Procedure

As first described, the Moncrief-Popovich cath-
eter was placed using a surgical approach. The 
catheter had two cuffs separated by a swan-neck 
bend configuration. The deep cuff was embed-
ded in the rectus muscle while the superficial one 
was located near the skin. The external segment 
was completely buried in the subcutaneous tis-
sue and the wound was closed. After a period of 
at least 3 weeks, the catheter was externalized 
through a 4  cm skin incision and dialysis was 
initiated.

The surgical techniques in the original tech-
nique are not completely described. Subsequent 
articles have detailed the catheter management 
and embedding techniques. After the catheter is 
placed, sufficient flow is ensured with saline irri-
gation and heparin is instilled in the lumen of the 
catheter [2–4] Some practitioners close the distal 
end of the catheter with a suture prior to embed-
ding [2]. Embedding stylets are also commonly 
used to direct the catheter tip to the appropriate 
location [3–5]. After the tip of the catheter is 
placed in the correct location by the stylet, the 
distal end is broken off, thereby creating a plug in 
the distal tip of the catheter.

Since the original publications, small varia-
tions to this technique have been described. Lap
aroscopic implantation is commonly used [3, 4].  
Coiled and straight intraperitoneal segments have 
been used. In addition to the swan-neck configu-
ration, straight segment catheters have been used 
(Fig. 10.1) [3]. Coiled catheters and swan-neck 
catheters are thought to decrease risk of catheter 
dysfunction. However, there is limited data from 
well-controlled clinical trials that these catheter 
variants significantly impact catheter function 
[6].

The subcutaneous tunnels and exit sites can 
also be created in diverse anatomical regions 
(Fig. 10.1). Catheter extenders can allow to the 
catheters to be tunneled for longer distances to 
create presternal exit sites (Fig. 10.1a) [7]. 
Presternal exit sites may provide a lower infec-
tion rate and particularly useful in obese patients. 
Extenders can also be used to create exit sites in 
the upper abdomen (Fig. 10.1b).

At the time of externalization, an exit site is cre-
ated at least 2–3 cm distal from the distal cuff. This 
is a routine, quick procedure that is done with local 
anesthesia. Under sterile technique, a small inci-
sion is made. Dissection of the subcutaneous adi-
pose tissue is performed using a hemostat until the 
catheter is mobilized. Most catheters have devel-
oped a fibrin sheath along the exterior surface; 
careful removal of the fibrin sheath is performed 
with scissors and the catheter is then completely 
exteriorized. After removal of the distal suture and 
plug, an adapter set can be connected to the cath-
eter tip in order to initiate dialysis.

S.B. Furgeson and I. Teitelbaum
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a b

c d

Fig. 10.1  Variations of buried catheter placement. 
Diagrams of different buried catheter configurations. The 
arrows point the area that is initially embedded. The dif-
ferent configurations are presternal exit sites (a), upper 

abdominal exit sites (b), straight Tenckhoff catheter (c), 
and swan-neck catheter (d) (Reprinted with permission 
Crabtree and Burchette [3])
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�Outcomes with Buried Catheters

�Infections

Due to the above characteristics, it was predicted 
that subcutaneous peritoneal catheter embedding 
would decrease risk of infectious complications. 
In the initial description of the procedure, the 
authors performed a prospective evaluation of 
infections in all patients with buried catheters [1]. 
They found that the peritonitis rates were lower 
than historical controls but exit site infections 
appeared to occur at the same rate. The study 
sample included patients who performed a spike 
technique for exchanges and patients who used 
disconnect systems.

Despite that initial study, it is still unclear 
whether the Moncrief-Popovich technique 
decreases infectious complications. Two small, 
controlled trials have tested whether catheter 
burying decreases peritonitis. The first one ran-
domized 30 patients to catheter placement with 
immediate externalization and 30 patients to cath-
eters buried subcutaneously [8]. In the first group, 
the patients had a 6 week break-in period; in the 
buried catheter group, the catheters were external-
ized after 6 weeks. Half of the patients in each 
group used a Y-connector and half used the spike 
technique. The peritonitis-free interval was much 
longer in the group that received a buried catheter 
and used a Y-connector. This group had a peritoni-
tis-free period of 120 patient-months while the 
group with a standard catheter using a Y-connector 
had a peritonitis-free interval of 26 patient-
months. It should be noted that this study was 
small and had a low overall rate of peritonitis.

Another trial randomized patients at two sepa-
rate hospitals to receive a buried or non-buried 
catheters [9]. Each center had a slightly different 
technique for catheter placement and catheter 
embedment. A total of 60 patients were included 
in this trial. Episodes of peritonitis were assessed 
at 6, 12, and 24 months. The group assigned to 
receive buried catheters did not have a statisti-
cally significant decrease in the time to first peri-
tonitis episode. AS the other studies showed, 
there was no decrease in exit site infections. A 
meta-analysis pooled the results of these two 

studies and found that there was no reduced rate 
of peritonitis or exit site infections with buried 
catheters [10].

�Catheter Damage

Since the catheter is not directly visualized dur-
ing the externalization procedure, there is the risk 
of inadvertent damage to the catheter during the 
procedure. The needle used for local anesthesia 
can puncture the catheter as can the scalpel used 
for the skin incision. The rates of these complica-
tions are unclear but are likely quite low. In a ret-
rospective review of 84 patients undergoing 
externalization, each complication happened in 1 
patient [3]. Damage to the catheter tubing may 
not be a significant problem. Depending on the 
location of catheter tubing damage, a catheter 
revision can be performed without requiring fur-
ther surgery.

�Catheter Malfunction

One concern regarding catheter burial is a poten-
tial for catheter dysfunction after externalization. 
Since the catheters are typically placed before a 
patient requires dialysis, it is possible that the 
period of subcutaneous burying may last months 
or years. It is very difficult for practitioners to 
accurately predict when a patient may require 
dialysis. Since there is a general desire to avoid 
urgent dialysis, catheters are often placed well 
before the anticipated need for dialysis. However, 
it is possible that this strategy would increase 
risks for catheter failure since the catheter may 
migrate or intraluminal clots may form over the 
long duration.

Numerous studies have examined whether pro-
longed catheter burial negatively impacts catheter 
function. Results from a single-center study sug-
gested that burial of single-cuff catheters was asso-
ciated with increased mechanical complications 
[11]. The same center changed the catheter type to 
double-cuff catheters with a swan-neck. A retro-
spective analysis of outcomes with double-cuff 
catheters showed excellent long-term function [12]. 
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In this study, the mean duration of catheter burial 
was approximately 40 days although some cathe-
ters were buried for more than 1 year. Ten percent of 
the catheters did not function immediately due to 
either fibrin plugs or omental wraps. However, all 
but one of these catheters were rendered functional 
by laparoscopic revision and ultimately 99.2% of 
catheters were useable. The duration of catheter 
embedment did not appear to predict long-term 
catheter function. Catheters that were embedded for 
longer periods had identical outcomes to catheters 
with short embedment duration (Fig. 10.2).

Studies from other PD centers that use buried 
catheters have shown similar results. In another 
retrospective study, Crabtree found that 99% of 
all externalized catheters were eventually used 
successfully, although only 85% functioned well 
immediately after externalization. Two other 
studies have shown similar data regarding cathe-
ter function after prolonged embedding [13, 14]. 

However, in contrast to other studies, Brown 
et  al. found that prolonged catheter embedding 
(greater than 4 months) adversely affected cath-
eter function.

�Futile Catheters

As the Moncrief-Popovich technique has become 
more widely adopted, catheter burial time has 
increased. PD programs that aim to avoid tempo-
rary hemodialysis in prospective PD patients 
choose to place the buried catheter well before a 
patient requires dialysis. However, the risk to that 
strategy is that a patient will undergo a catheter 
placement surgery but never use the catheter (futile 
catheter placement). This problem is not unique to 
peritoneal dialysis; a number of prospective hemo-
dialysis patients will also have futile AV fistula 
placement. Futile catheter placement may be due 
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Fig. 10.2  Survival after prolonged embedding. Long-
term catheter survival was analyzed as a function of 
embedding duration. The group with the shortest duration 

(1) had the same rate of catheter survival as the group with 
the longest duration (3) (Reprinted with permission 
Elhassan et al. [12])
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to patient death or change in health status. The lat-
ter may preclude them from performing a home 
modality. It is also possible that the decrease in 
GFR is very slow and the patient may not need 
dialysis for years.

Studies have examined the risk of futile cath-
eter placement with the buried catheter technique. 
In high-volume PD programs, the rate of futile 
catheter placement is approximately 8% [13, 15]. 
Clearly, there is no way to definitely predict 
which patients will not ever need their peritoneal 
catheter. Some clinical variables do help practi-
tioners predict which patients will need dialysis 
sooner and, would therefore be less likely to have 
a futile catheter placement. Patients with lower 
albumin, lower GFR, and significant proteinuria 
are more likely to need their catheter externalized 
sooner [15]. A comprehensive clinical assess-
ment using these variables may help providers 
identify the optimal time for catheter placement.

�Summary

The use of the Moncrief-Popovich is a commonly 
used technique for peritoneal catheter placement 
that offers many potential benefits. It allows pro-
viders and patients to prepare for peritoneal dial-
ysis and may increase utilization of peritoneal 
dialysis. The technique significantly reduces the 
probability of dialysate leaks and allows full-
dose dialysis to be performed immediately after 
externalization. Although there are few con-
trolled trials comparing the Moncrief-Popovich 
technique to standard catheter placement, data 
does suggest that this is an effective procedure 
that is associated with few complications.
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Post-operative Protocol 
and Maintenance of Function

Brendan McCormick

�Background

While there have been significant clinical interest 
in the relative merits of different peritoneal dialy-
sis (PD) catheter designs and different insertion 
methods, there is a dearth of published data on 
optimum post-operative care of PD catheters. 
The choice of post -operative dressing, frequency 
of dressing changes, flushing protocols, and cath-
eter break-in protocols vary widely from center 
to center. In addition, the approach to leaking or 
obstructed catheters is typically guided by indi-
vidual practitioner experience rather than pub-
lished guidelines. This chapter will review the 
approach to post operative care of the PD catheter 
and highlight standard practices and, where pos-
sible, make evidence informed recommendations 
for practice.

�Immediate Post-operative Care 
of the PD Catheter

Regardless of catheter placement method, the 
operator should confirm function of the PD cath-
eter by flushing with either saline or dialysate 
prior to completion of the case. Even in the case 

of a buried or embedded catheter, the surgeon 
will typically confirm catheter patency immedi-
ately prior to creation of the subcutaneous tunnel. 
As such, it is not necessary that PD catheters be 
routinely flushed in the recovery room. The major 
exception to this is in cases where there has been 
significant intraperitoneal bleeding. These cases 
do need immediate post-operative flushing as 
intraperitoneal blood may result in catheter 
obstruction and also give rise to intraabdominal 
adhesions. A retrospective cohort study has sug-
gested that early and frequent flushing of these 
catheters is associated with a significantly lower 
subsequent rate of catheter malfunction [1]. As 
such, it is important that the operator inform the 
home dialysis team if there has been unexpected 
intraperitoneal bleeding as immediate post opera-
tive flushing will be required in these cases.

The International Society of Peritoneal 
Dialysis (ISPD) recommends that post operative 
dressing changes be performed using sterile tech-
nique and that the exit site be kept dry for at least 
2 weeks, or until well healed [2]. More than 80% 
of North American centers use non occlusive 
gauze dressings or semi-occlusive dressings and 
it is recommended to avoid fully occlusive dress-
ings due to the build up of moisture under the 
dressing which can delay healing [3, 4]. Dressings 
are typically changed once or twice weekly and 
care must be taken to ensure that the catheter is 
well immobilized as trauma to the exit site from a 
mobile catheter will delay healing [5]. Most PD 
programs also recommend that patients not 
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shower or bathe for at least 1 week or do heavy 
lifting [3].

The time required for exit site healing is quite 
variable and while typically 2–6 weeks, in some 
cases it can be longer [6]. Risk factors for delayed 
exit site healing include increased body mass 
index, diabetes, exit site larger than 7 mm, and 
poor immobilization of the PD catheter [7, 8]. 
Delayed healing of exit sites is strongly associ-
ated with an increased risk of subsequent tunnel 
infection and catheter loss highlighting the 
importance of early exit site care [7].

The optimal solution for cleansing the new exit 
site is not well established. Many centers use ster-
ile saline but some centers use antiseptics such as 
sodium hypochlorite, chlorhexidine or iodine 
based preparations. The challenge with the early 
use of antiseptics is that these agents are poten-
tially cytotoxic and may delay wound healing [5]. 
There is a single published randomized study of 
povidone-iodine ointment versus saline for early 
exit site care. In this single center study of 117 
patients, the use of povidone-iodine was associ-
ated with a decreased risk of exit site infection 
and peritonitis during the first 140 days [9] This 
are no published randomized studies of other anti-
septics for early exit site care, but studies of these 
agents for healed exit sites have shown variable 
results and the author does not recommend their 
use on a healed exit site and suggests careful mon-
itoring for cytotoxicity if antiseptics are used on 
an unhealed exit site [10, 11].

The early use of antimicrobial cream at the 
exit site is common but not universal. Some cen-
ters wait for the exit site to heal prior to use of 
antimicrobial cream, some recommend immedi-
ate use, while others reserve use of mupirocin for 
those who are staphylococcus aureus nasal carri-
ers. The ISPD 2011 position statement highlights 
the uncertain efficacy of eradication of staphylo-
coccus aureus nasal carriage peri-operatively but 
does recommend that all PD patients use topical 
antibiotic once the catheter exit site once healed 
[2]. While topical gentamicin has been shown to 
outperform mupirocin with respect to infectious 
complications in a single randomized controlled 
study, subsequent publications have raised con-
cerns about the potential for fungal infection with 

long term use of topical gentamicin and the ISPD 
recommends that either gentamicin or mupirocin 
use is acceptable [2, 12–14].

�Flushing

As discussed above, immediate post operative 
flushing is necessary if the insertion of the cath-
eter was complicated by intra peritoneal bleed-
ing. Apart from insertions complicated by 
intraperitoneal bleeding, the role for routine 
flushing of newly inserted PD catheters is unclear. 
At one extreme, the embedded (or buried) PD 
catheter cannot be flushed and the rates of initial 
function of these catheters exceeds 85% with a 
primary failure rate of less than 5% in experi-
enced centers [15–17]. This argues that routine 
flushing of PD catheters is probably unnecessary. 
On the other hand, a recent survey of North 
American centers demonstrated that the practice 
is widespread with 76% of centers flushing cath-
eters weekly, and only 10% reporting that they do 
not flush catheters at all post operatively [3].

Given the uncertainty regarding utility of cath-
eter flushing, it is not surprising that protocols 
vary widely from center to center. The majority 
(81%) of those centers that flush catheters use 
dialysate to flush catheters but some do use nor-
mal saline with or without heparin [3]. Practically, 
the connectology of the transfer set favors the use 
of dialysate, and there is no published evidence to 
support the superiority of normal saline for flush-
ing. The volumes used for flushing should be low, 
typically no more than 500 mL. Larger volumes 
increase the risk of an exit site leak which can 
result in postponement of initiation of PD. When 
flushing a catheter, it is also important to keep in 
mind that the first flush will not be completely 
drained as there is at least 200–300 mL of dead 
space in the peritoneal cavity that will not be 
amenable to drainage. Subsequent flushes, how-
ever, should result in return of the full flush vol-
ume. If the patient is progressively retaining fluid 
with each flush then the procedure should be 
stopped and the patient investigated for a poorly 
draining catheter as described further on in this 
chapter.
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The main practical benefit to catheter flushing 
is to ensure patency of the catheter prior to initia-
tion of PD training. The discovery that a PD cath-
eter is non-functioning during the first day of PD 
training results in postponement of training while 
measures are undertaken to improve catheter 
function. This has logistic implications for work-
load and patient flow within a home dialysis 
program.

�Bowel Routine

The use of a bowel preparation pre-operatively is 
not mandatory but is generally recommended to 
reduce the extent of fecal contamination in the 
case of an inadvertent bowel injury, but more 
importantly to ensure good early catheter func-
tion [18]. Even moderate degrees of constipation 
will interfere with proper drainage of the PD 
catheter through displacement of the catheter out 
of the pelvis or via extra luminal compression of 
the catheter. It has been reported that constipation 
is responsible for poor catheter drainage at least 
50% of the time and any experienced PD practi-
tioner is aware that laxatives are very effective in 
improving the function of a poorly draining PD 
catheter, even in the absence of a clinical history 
or radiograph supporting constipation [19].

Incident PD patients are often prescribed a 
combination of a stool softener (docusate) to be 
taken on a daily basis and a stimulant laxative 
such senna titrated to achieve 2 bowel move-
ments per day. While this practice is widespread, 
there is no published evidence to support its util-
ity [20]. The use of lactulose as an osmotic laxa-
tive may be preferable as it reduces intestinal pH 
and bacterial translocation across the colon which 
may result in a reduced risk of enteric peritonitis 
[21]. Unfortunately, lactulose is often not well 
tolerated due to its taste and tendency to cause 
bloating and flatulence. Other osmotic laxatives 
such as polyethylene glycol solutions are well 
tolerated and can be quite effective for both daily 
use and acute treatment of catheter dysfunction 
[22]. Regular or daily use of magnesium contain-
ing laxatives should be avoided due to the poten-
tial for magnesium toxicity [23]. Newer bowel 

preparations containing a combination of magne-
sium citrate and sodium picosulfate (Pico-Salax 
[Ferring Inc.,Toronto, Ontario] or Picolax 
[Nordic Pharmaceuticals,Feltham, Middlesex] 
should be approached with caution due to reports 
of increased incidence of hyponatremia with 
these solutions [24].

�Post Operative Bleeding

Patients with stage 5 CKD have increased risk of 
bleeding related to disordered primary hemosta-
sis, and in some cases secondary hemostasis [25]. 
Uremic platelet dysfunction, the frequent use of 
aspirin and other antiplatelet agents, and the use 
of anticoagulants for prothrombotic states are all 
factors which contribute to this risk. The preva-
lence of bleeding post PD catheter insertion has 
been reported between 2% and 10% [26, 27]. 
Significant peri-cannular, or exit site, bleeding 
has been defined as the need to change the exit 
site dressing more than twice daily during the 
first two post-operative weeks. Management of 
significant peri-cannular bleeding involves 
immobilization of the catheter and minimization 
of patient movement, and in severe cases, bed 
rest. The use of desmopressin 16 mcg intrave-
nous every 12  h for three doses and the use of 
gauze compression with an elastic bandage are 
often helpful. A technique of injection of epi-
nephrine proximal and distal to the superficial 
cuff has also been described as helpful in refrac-
tory cases as movement of the Dacron cuff may 
be responsible for bleeding due to irritation of the 
subcutaneous tissue [27]. The last resort for 
refractory bleeding is removal of the PD 
catheter.

�Early Use of PD Catheter

Traditionally, it was recommended to allow 2 
weeks for healing of a PD catheter prior to initia-
tion of therapy due to the risk of leakage with 
early catheter use. Tzamaloukas and colleagues 
reported that 90% of early leaks occurred among 
patients whose catheters were inserted less than 
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10  days prior to usage, and a similar increased 
risk of early leakage with early catheter use has 
been shown in children [28–30]. Early use of a 
catheter may also be a risk factor for other 
mechanical complications including flow 
obstruction, peritonitis and need for surgical 
intervention for malfunctioning catheter [31]. 
Recently, however, there has been a resurgence in 
interest in early (less than 2  weeks) use of PD 
catheters among patients requiring urgent dialy-
sis initiation [32–35].

Not all PD catheters are suitable for early use 
and two randomized controlled trials of percuta-
neous versus surgically inserted catheters has 
shown an increased risk of leakage with surgical 
catheters [36, 37]. Many of the centers that have 
reported encouraging results with urgent start PD 
use percutaneous catheters but some centers have 
reported excellent outcomes with early use of 
surgically inserted catheters when a purse string 
suture is used around the deep cuff to create a 
tight seal and it is generally felt that both surgical 
and percutaneous catheters may be used for 
urgent start PD [38]. Some pediatric centers have 
reported very low risk of early leaks among 
urgent start patients with surgical catheters if 
fibrin glue is used at the deep cuff [39].

A number of protocols for urgent start PD 
have been proposed [32–34].The majority of 
these protocols involve initiation of supine auto-
mated PD on or shortly after post operative day 
one. Small dwell volumes (0.5–1.2  L) and fre-
quent exchanges over a 8–10 h period of supine 
positioning are started and the dwell volume pro-
gressively increased and cycle frequency 
decreased over a 2  week period. Patients can 
receive supine intermittent PD three times per 
week in a dialysis center while the catheter heals 
and after 2  weeks then start with PD training. 
These protocols are suitable for patients with ure-
mic symptoms but no emergent indication for 
dialysis such as hyperkalemia, uremic pericardi-
tis, severe metabolic acidosis or refractory fluid 
overload [32]. Suitable patients typically have 
some residual urine output.

The practice of urgent start PD for late pre-
senting patients has been associated with good 
clinical outcomes as well as enhanced recruit-

ment to PD among incident patients [32–34, 40]. 
Small studies have suggested good early tech-
nique survival, few leaks and few infections with 
urgent start PD when compared to patients who 
electively start PD.  The ability to avoid place-
ment of a central venous catheter and initiation of 
hemodialysis is also a less costly approach with 
an estimated saving of more than $3000 USD per 
case [41]. There is, however, requirement for an 
upfront investment in programmatic infrastruc-
ture so that late presenting patients can receive 
urgent education, timely placement of the cathe-
ter, and then outpatient intermittent automated 
PD with commencement of training 2 weeks post 
catheter insertion [42].

�The Leaking PD Catheter

Leakage of dialysate can occur as a consequence 
of increased intra-abdominal pressure and a 
defect in the peritoneal membrane that allows 
fluid to escape. Catheter leakage may be noted 
following flushing of the catheter in the post-
operative period, even before initiation of 
PD. Fluid may be observed to leak with maneu-
vers that increase intrabdominal pressure, such as 
coughing, straining, or sitting in the upright posi-
tion. If the rate of leakage is slow, findings may 
be limited to wetness on the exit site dressing. 
The diagnosis of an exit site leak is based on a 
positive reaction for glucose on a chemical 
reagent strip. An exit site leak usually implies a 
defect in the peritoneal membrane around the 
catheter but may occasionally be due to fluid 
leakage from a hole in the catheter itself. 
Catheters may be damaged due to complications 
of insertion or exteriorization (in the case of bur-
ied catheters) or a patient may inadvertently dam-
age the catheter.

The reported incidence of dialysate leakage 
varies widely based on definitions used, length of 
follow up, and clinical practices of the reporting 
center. Observational studies with long follow up 
periods have reported rates of dialysate leaks 
between 0.03 and 0.13 leaks per patient-year of 
follow up [43–45]. Some authors have classified 
leaks as early (less than 30 days after insertion), 

B. McCormick



123

and late (greater than 30  days after insertion) 
[28]. Early dialysate leaks are typically exit site 
or incisional leaks and the reported rates vary 
from 3% to 5%. Late leaks are more likely to be 
concealed leaks and usually present as abdominal 
wall or genital edema, often with associated 
apparent ultrafiltration failure. The prevalence of 
late leaks is reported to vary between 3% and 
18% [28, 43, 45].

There is a strong link between exit site leakage 
and infection. Holley and colleagues reported a 
retrospective series of 79 leaks among 66 preva-
lent PD patients [46]. In this series, 33 of the 
leaks (42% of total) were associated with infec-
tion, in 22 cases the infection preceded the leak, 
and in 11 cases the infection was diagnosed after 
the leak despite treatment with prophylactic anti-
biotics. This suggests that infection of the deep 
cuff may present with dialysate leak, and also 
that leaking dialysate is a major risk factor for 
catheter infection and peritonitis. Prophylactic 
treatment with antibiotics is indicated in patients 
with exit site leak. Our center typically treats 
patients with oral cephalexin until the leakage 
has ceased.

Management of early exit site leak involves 
discontinuing peritoneal dialysis (or flushing) for 
a period of 1–2 weeks if possible as the leak will 
seal in many cases if the abdomen is left dry [47]. 
This may entail temporary transfer to HD if 
residual renal function is not adequate [44]. 
Recurrent leakage after a period of rest should 
prompt further evaluation. A CT scan with intra-
peritoneal dye can confirm leakage along the tun-
nel and localized the site of the defect. An 
ultrasound of the catheter tunnel may be useful in 
excluding a fluid collection. Laparoscopic exami-
nation of the abdomen may allow for diagnosis 
and treatment of the cause of the leak. If no cause 
is apparent, or if infection of the deep cuff is sus-
pected, then the catheter should be removed and 
a new one inserted. If early exit site leakage is a 
frequent problem then it is important that the sur-
geon be made aware to ensure that the optimal 
surgical technique is being employed. The deep 
cuff must be placed within the rectus muscle and 
it should be secured with a purse string suture if 
possible [48].

�The Obstructed PD Catheter

Flow obstruction in a newly placed PD catheter is 
a common and vexing problem. It may be noted 
during post-operative flushing, prior to initiation 
of PD, but more commonly is first noted at the 
commencement of PD training. It can result in 
delayed training and if not adequately managed 
will result in early technique failure. Catheter 
related problems are well described to be a lead-
ing cause of early technique failure [49].

The incidence of PD catheter obstruction var-
ies widely in the literature likely related to sig-
nificant differences in insertion techniques, 
patient selection and differing definitions of what 
constitutes outflow obstruction. Some degree of 
outflow obstruction is reported to be present in 
6–32% of catheters [34–38, 50–54]. Refractory 
outflow obstruction which leads to primary cath-
eter failure is much lower, typically below 10% 
in most case series. Outflow obstruction with 
normal inflow is referred to as one-way obstruc-
tion and is related to a degree of malposition of 
the catheter in the abdomen and may be associ-
ated with catheter migration. Inflow obstruction 
is less common and related to obstruction of the 
catheter lumen with resulting bidirectional 
obstruction to flow, referred to as two-way 
obstruction. Two-way obstruction is often noted 
early during post- operative flushing and is typi-
cally related to obstruction of the catheter lumen 
from a blood clot, fibrin or sometimes a kink in 
the catheter tubing or transfer set.

The presence of poor drainage, or one-way 
obstruction, should be considered as evidence 
of PD catheter malposition, though not neces-
sarily migration. Well placed catheters can be 
compressed by distended bowel due to consti-
pation, or a distended bladder and this will 
result in poor drainage due to creation of a one 
way valve allowing inflow but impairing out-
flow of dialysate. Compartmentalization of the 
PD catheter by pelvic adhesions can similarly 
impair drainage of an apparently well placed 
catheter [55]. A low lying omentum can descend 
into the pelvis and encase a catheter without 
necessarily causing apparent migration of the 
catheter.
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Catheter tip migration is a common cause of 
poor drainage but it is important to note that not all 
migrated catheters will be problematic. Three 
dimensional CT reconstructions show that in a 
supine patient, dialysate mostly pools in the pelvis 
though there is substantial fluid also present in the 
paracolic gutters and sub-phrenic space [56]. The 
presence of dialysate, especially in the paracolic 
gutters, likely explains the observation by Ersoy 
and colleagues that only 20% of migrated cathe-
ters had issues with poor drainage [57]. 
Nevertheless, upper abdominal catheter migration 
is a significant risk factor for poor drainage due to 
the potential movement of the catheter tip into the 
lesser sac of the peritoneal cavity or into compart-
ments defined by the liver or spleen where there is 
very little free fluid present [55].

Obstruction to catheter flow should be 
approached in an organized manner as shown 
in Fig. 11.1. The initial determination is 
whether isolated outflow obstruction is present 

or if there is also inflow obstruction. As stated 
above, inflow obstruction suggests intralumi-
nal obstruction and after careful examination 
of the catheter for kinking, the next step is to 
attempt vigorous irrigation of the catheter 
using a large (30  cc or larger) syringe filled 
with heparinized saline. This will often be suf-
ficient to dislodge a fibrin or blood clot and 
resume PD. Some patients are prone to forma-
tion of fibrin and require chronic addition of 
heparin (500–1000  U/L) to their dialysate to 
prevent recurrent obstruction. Failure to clear 
an inflow obstruction with irrigation is an indi-
cation to use tissue plasminogen activator 
(tpa). There are a number of published proto-
cols which typically involve filling the lumen 
of the catheter with concentrated heparin 
(1000 U/mL) with a subsequent dwell of 1 h to 
overnight. The success rates with this approach 
in appropriately selected patients is in the 
range of 57–83% [58, 59].

Obstruction to catheter
flow

One way vs.
two way
obstruction?

One way
obstruction
(outflow only)

Two way obstruction
(inflow and outflow
obstruction).  

Laxatives  to
induce
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Attempt tidal
APD or CAPD
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Fig. 11.1  Algorhythm for the diagnosis and management of PD catheter dysfunction
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Isolated outflow obstruction often improves 
with use of laxatives to induce diarrhea as the 
vigorous peristalsis can move the catheter and 
reduce extrinsic compression of the catheter 
lumen. Patients are often reluctant to take laxa-
tives and argue that they are not constipated so 
the intervention is better explained as induction 
of diarrhea. Appropriate bowel regimes in PD 
have already been discussed, but it is important to 
highlight that a larger dose of laxative is required 
for acute catheter malfunction. If catheter drain-
age does not improve after induction of diarrhea 
then an abdominal radiograph should be per-
formed to assess for PD catheter position. A PD 
catheter is considered migrated if the tip of the 
catheter lies outside of the true pelvis. A migrated 
catheter may return to the true pelvis after treat-
ment with laxatives which is why a radiograph 
should be performed only after the obstruction 
has proven refractory to laxatives. If the radio-
graph indicates migration then a guidewire 
manipulation should be performed under fluoro-
scopic guidance. If the catheter is not migrated 
on the radiograph then a trial of tidal automated 
PD (APD) or CAPD with upright drainage is 
worthwhile. Tidal APD, where a residual volume 
of a few hundred millilitres of fluid is left in the 
abdomen after each exchange, can be particularly 
useful for catheters that drain well initially and 
then slow as the residual dialysate volume con-
tracts [60].

Fluoroscopic guide-wire manipulations are an 
important adjunctive procedure for salvage of 
poorly functioning PD catheters [52]. The radi-
ologist inserts a stiff guide-wire through the cath-
eter and clears out any fibrin or other intraluminal 
debris. The wire also serves to straighten a coiled 
catheter and can remedy the malposition of the 
catheter with respect to bowels or adhesions. The 
wire can also be used to reposition a migrated 
catheter, though this can be technically challeng-
ing and the risk of repeat migration is high and 
repeat malfunction is high (Table 11.1) [52,  
61–67] The largest case series of fluoroscopic 
manipulations was reported in 2010 [66]. In this 
case series of 70 catheters manipulated for flow 
obstruction, 63% were functional at 30  days. 
Predictors of a successful outcome included 

pelvic location of catheter (i.e. a non-migrated 
catheter) and secondary catheter malfunction 
(i.e. catheter became obstructed after a period of 
good function). Fluoroscopic manipulation can 
be associated with some abdominal discomfort 
and the patient should be aware of this prior to 
the procedure. There are no guidelines for the use 
of prophylactic antibiotics with this procedure 
but some centers recommend post- procedure 
intraperitoneal antibiotics and change of the cath-
eter transfer set.

Obstruction that does not resolve with fluoro-
scopic guide wire manipulation requires surgical 
intervention. Traditionally, a persistently 
obstructed catheter would be replaced and a new 
one inserted, but over the past few decades there 
is increased interest in laparoscopic salvage for 
refractory drainage failure. Laparascopic salvage 
has a number of advantages over removal and 
reinsertion. It allows for direct visualization of 
the intra-abdominal anatomy and diagnosis as 
well as treatment of the precise cause of the mal-
function whereas simple removal/reinsertion 
runs the risk of the same problem recurring with 

Table 11.1  Summary of published results of fluroscopic 
wire manipulation

N subjects
Initial 
function

>30 day 
function

Moss et al. (Am J 
Kidney Dis 1990)

48 78% 25%

Kappel et al. (Adv 
Perit Dial 1995)

47 67%

Simons et al. 
(Perit Dial Int 
1999)

33 85% 55%

Diax-Buxo et al. 
(Clin Nephrol 
1997)

69 61%

Savader et al.  
(J Vasc Interv 
Radiol 1997)

12 58%

Plaza et al. (Perit 
Dial Int 2001)

14 64% 26%

Miller et al.  
(Clin J Am Soc 
Nephrol 2013)

70 63%

Kwon et al.  
(J Vasc Interv 
Radiol 2014)

68 47%
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the new catheter [48]. Omental wrapping of the 
catheter, often due to a low lying omentum, is the 
most frequent cause of malfunction found at lap-
aroscopy [68–71]. Omental wrapping of the cath-
eter can cause migration as the omentum may 
pull the catheter out of the pelvis. In these cases, 
the catheter can be freed from the omentum and 
returned to the pelvis and the redundant omen-
tum tacked up with an omentopexy. Catheter 
migration without omental wrapping, presum-
ably due to excessive torque on the catheter dur-
ing insertion, is also a common finding and 
treatment may require suturing of the catheter in 
the pelvis. Other frequent findings include com-
partmentalization of the catheter due to adhe-
sions, wrapping of the catheter from the fimbrae 
of fallopian tubes, as well as intraluminal obstruc-
tion due to blood and fibrin clots [72]. 
Laparoscopic salvage of PD catheters is associ-
ated with a high published rate of immediate suc-
cess, typically greater than 80% although there is 
considerable variability in the rates of recurrent 
obstruction [68–71]. PD can typically be restarted 
soon after laparoscopic manipulation in keeping 
with the principles described above in the section 
on early use of the PD catheter.

�Filling and Drain Pain

Infusion pain is reported by some patients imme-
diately after initiation of PD.  The pain may be 
referred to the rectum or bladder, and may cause 
significant discomfort, especially at the begin-
ning of the infusion. The pain is usually attrib-
uted to the jet effect of the relatively rapid 
infusion of dialysate into the peritoneum but may 
also be related to the acidity of the PD fluid [73].

The phenomenon is seen more commonly in 
catheters with a straight intraperitoneal segment 
than in coiled catheters likely due to the more dif-
fuse nature of the spray with coiled catheters. In 
addition, the tip of a coiled catheter is much more 
flexible and less likely to abut bowel or bladder in 
a manner that would cause jet pain. Helpful inter-
ventions to reduce jet pain include decreasing the 
rate of dialysate infusion, changing the patient to 
tidal PD where there is always a residual pool of 

dialysis fluid, and the use of laxatives to induce 
peristalsis and alter the position of the catheter 
[74]. Refractory cases of jet pain may improve 
with fluoroscopic guide-wire manipulation and 
only very rarely is removal and reinsertion of the 
catheter required.

Abdominal pain occurring during and after 
infusion may also be due to the effect of acidic PD 
fluid. Traditional PD solutions are lactate-buffered 
and acidic because the greater stability of glucose 
in low pH prolongs the shelf life of the dialysate. 
Despite the low pH, the glucose is not entirely 
stable in these solutions and glucose degradation 
products form readily. The typical pH of these 
solutions is 5.5 and it rises after infusion and 
within an hour reaches 7.2, and by 2 h is at equi-
librium with the systemic pH of 7.4 [75]. The 
symptoms associated with acidic PD fluid are not 
universal and are often described more as a feel-
ing of discomfort or unwellness rather than pain. 
These symptoms typically last longer than the dis-
comfort associated with jet pain, but should sub-
side by 1 h after the intraperitoneal pH has risen. 
Newer PD solutions with neutral pH and lower 
concentrations of GDPs are now available in the 
US (Balance, Fresenius, Bad Homberg, Germany) 
and may be helpful among those patients with 
acid mediated abdominal discomfort.

Pain on drainage, also referred to as dry pain, 
is also a frequent problem. It is usually ascribed to 
irritation of the peritoneal membrane by the cath-
eter and by the negative pressure generated by the 
PD cycler while on drain cycle [76]. The most 
common solution for this problem is to avoid 
complete drainage of the abdomen by keeping the 
catheter surrounded by, or floating in, peritoneal 
fluid. One retrospective study reported a preva-
lence rate of pain on filling or draining of 13% at 
baseline and that the institution of tidal PD, with 
25–50% tidal volume, eliminated pain in all the 
patients [77]. The use of tidal programs may 
reduce adequacy or require more frequent 
exchanges to maintain the clearances so this needs 
to be taken into account when changing to a tidal 
program. Alternatively, those experiencing drain 
pains on APD may have resolution of symptoms 
with CAPD as the gravity driven drainage means 
less negative pressure is transmitted through the 

B. McCormick



127

catheter compared with the hydraulic suction on a 
cycler. Different brands of cycler also have differ-
ing amounts of negative pressure and trialing a 
different brand of cycler may be helpful in refrac-
tory cases.
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Diagnosis and Management 
of Catheter Dysfunction

Guner Ogunc

�Introduction

Catheter malfunction, defined as mechanical fail-
ure in dialysate inflow or outflow, is not uncom-
mon in peritoneal dialysis(PD) patient. Outflow 
failure occurs in 4–34.5% of PD patients [1]. 
Ever since the first permanent silicone catheter 
was introduced in 1968, a wide variety of cathe-
ters and placement techniques have been devel-
oped to attempt to eliminate catheter malfunction. 
However, catheter-related problems are not fully 
resolved [2–6].

�Catheter Flow Obstruction

The most common causes of catheter malfunction 
are omental wrapping and catheter tip migration. 
Catheter obstruction due to fibrin or blood clots 
within the catheter lumen, kinking of the catheter, 
small bowel wrapping, occlusion by fimbriae and 
intraperitoneal adhesions are other occlusive cath-
eter problems in CAPD patients [7–9]. Prevention 
of these problems during the primary insertion 
has been a primary goal of surgeons who insert 
PD catheters. Our insertion technique, which is 
long tunelling and routine omentopexy, is signifi-

cantly effective in preventing catheter-related 
problems, such as omental wrapping, catheter tip 
migration, pericatheter leakage and drain pain 
[10]. Since the laparoscopic technique was intro-
duced and used for the placement of catheters and 
also salvage procedures for malfunctioning 
CAPD catheters in the early nineties of the last 
century, it has proven to be superior to the open 
surgical technique in many medical centers [11–
14]. The advantages of laparoscopy over every 
other techniques are the adjunctive procedures 
enabled by this method, principally rectus sheath 
tunelling, omentopexy, adhesiolysis, epiploec-
tomy, salpigectomy, and colopexy. When these 
techniques are applied effectively, the laparo-
scopic approach can both prevent and resolve 
most of the common mechanical problems that 
complicate insertion of PD catheters [15]. 
Omentopexy is employed selectively since it may 
be unnecessary when the omentum is short or 
adherent to previous upper abdominal surgical 
site. An additional argument supporting preserva-
tion of the omentum by using omentopexy as 
opposed to its resection is that omental milky 
spots (clusters of leukocytes) appear to have a role 
in the peritoneal cavity immune response, espe-
cially in the pediatric age population [15].

�Diagnosis and Management

In many cases, the diagnosis of outflow failure 
may be difficult because of a lack of noninvasive 
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methods. Change in body position, rapid saline 
infusion, cathartics, enemas, the classic use of 
fibrinolytics, and fluoroscopic manipulation are 
conservative measures often used in attempting to 
restore drainage in patients with poorly function-
ing catheters. However, laparoscopy is highly 
accurate in its diagnosis of CAPD complications 
caused by obstruction and is also therapeutic. Due 
to the need for continuous renal replacement ther-
apy, the rescue procedures should not be delayed 
beyond a few days after noticing the alfunction if 
concervative treatments are ineffective.

Ideally, salvage surgery should be safe, with a 
high success rate, ease of performance, ability to 
prevent recurrence, and short recovery time. 
Open rescue surgery can lead to new adhesion 
formation and, therefore, restrictions in fluid dis-
tribution in the peritoneal cavity, as well as the 
development of incision-related complications 
and the additional stress of surgery for patients. 
In contrast, laparoscopic rescue procedures have 
many advantages: they leave smaller wounds 
with less tissue disturbance; they allow direct 
examination of the catheter and whole peritoneal 
cavity through the scope, allowing accurate iden-
tification of the cause of catheter malfunction as 
well as immediate intervention to restore its func-
tion; they enable diagnosis of other intra-
abdominal pathology and treatment of other 
surgical problems such as symptomatic cholecys-
tolithiasis and abdominal wall/inguinal hernia in 
the same operation; they avoid the need to replace 
the catheter; they enable immediate testing for 
overall peritoneal catheter function; they leave 
the patient with diminished postoperative pain, a 
shorter stay in hospital, and a quicker recovery of 
social and professional activities; they facilitate 
early resumption of PD and beter functional sur-
vival; and the operation recordings can be used to 
share our knowledge and experience with 
nephrologists, our assistants, and our students. 
There are also a few disadvantages: the need for 
general anesthesia in most patients; requirement 
of an operating theater; the cost of equipment and 
instrumentation; the long duration of the opera-
tive procedure and the adverse physiologic effects 
of CO2 pneumoperitoneum [11]. Cosmetic prob-
lems related to port site incisions which can be 

eliminated with using the single port laparoscopc 
surgical technique by expert surgeons [1].

�Technique of Laparoscopic Catheter 
Salvage

In our instiution, laparoscopic rescue procedures 
were performed under general anesthesia. The 
peritoneal cavity was emptied before surgery. 
Prophylactic antibiotic therapy (cefazolin sodium 
1 g) was administired before surgery. A nasogas-
tric tube was inserted. A 1-cm long slightly lat-
eral subumbilical incision was made through the 
subcutaneous tissue, and the anterior rectus 
sheath. The rectus muscle fibers were then dis-
sected bluntly down to the posterior rectus sheath. 
A 10-mm trocar was inserted on the opposite side 
of the previous catheter placement location. A 
pneumoperitoneum was established via this tro-
car, inflating to a pressure of 12  mmHg. If the 
patient was mobidly obese pneumoperitoneum 
was established through the existing PD catheter. 
If the catheter was completely obstructed pneu-
moperitoneum was established usind the Veress 
needle in left upper quadrant on subcostal site in 
morbidly obese patients with slightly reverse 
Trendelenburg and slightly right side position. 
Two 5-mm working ports were used. Once the 
diagnosis of catheter dysfunction was made, cor-
rective measures were undertaken.

�Omental Wrapping

Peritoneal dialysis catheter obstruction is fre-
quently caused by omentum blocking the side 
holes of the catheter tubing. Omental wrapping 
usually develops early after catheter placement. 
The incidence of omental wrapping of CAPD 
catheters has been reported from 4.5% to 15% 
[16]. Clinically, the inflow of dialysate decreases 
slightly, and drainage is obviously blocked. 
Wrapping may be a result of a bulky omentum 
[17]. Using laparoscopic salvage, the incidence 
of outflow failure by omental wrapping ranged 
between 57% and 92% in some series [18]. 
Advantages of laparoscopic surgery include 
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direct visualization of the state of obstruction and 
ability to lyse adhesions, and perform omental 
fixation after the stripping if necessary [11].

When omental wrapping is diagnosed at lapa-
roscopy, usually only stripping is performed. 
This procedure can be easly done without the 
need for complicated laparoscopic instruments or 
advanced laparoscopic surgical experience. 
Reported series show that this simple laparo-
scopic stripping of the omentum from the cathe-
ter usually resolves a catheter obstruction due to 
omental wrapping with a high rate of success 
[19–21]. Some authors advocate omental fixation 
after the stripping procedure to prevent further 
omental wrapping [11, 22]. Laparoscopic partial 
omental resection has also been performed for 
recurrent catheter dysfunction due to omental 
wrapping [23, 24]. In our observation, the omen-
tum was more likley to cause catheter obstruction 
in emaciated patients which can be related to the 
omentum being very thin in these individuals in 
contrast in obese patients. The omentum must be 
preserved in PD salvage procedures. The omen-
tum possesses an inherent motility that allows it 
to seek out and arrest trouble that may arise 
within the peritoneal cavity. It has been referred 
to as the “police officer of the abdomen”. The 
potent lympatic system of the omentum can 
absorb enormous amounts of edema fluids and 
remove metabolic wastes and toxic substances. 
The omentum is also widely used for the treat-
ment of some pathologies in full surgical fields if 
necessary [25]. To completely overcome this 
problem related to omental wrapping prophylac-
tic laparoscopic omental fixation is routinely per-
formed during CAPD catheter placement in our 
series [10].

�Catheter Tip Migration

Catheter tip migration still accounts for a sub-
stantial number of catheter failures in blind, open 
and laparoscopically placed CAPD catheters [3, 
17]. Mechanical obstruction usually results from 
either misplacement during the initial insertion or 
catheter migration out of the pelvis. A coiled 
intra-abdominal segment is generally belived to 

reduce catheter tip migration; however, the results 
of previous prospective randomized studies com-
paring straight and coiled catheters have been 
controversial [26]. Catheter tip migration is eas-
ily determined with abdominal x ray. Various 
noninvasive management techniques, including 
changing body position, enemas, and saline 
flushing, increase physical activity as much as 
possible have been described; however, the suc-
cess rate is only about 25%. If such noninvasive 
techniques fail, before surgical revision, fluoro-
scopically guided manipulations using a rigid 
canulla, stiff metal rod, tip-deflecting wire, 
Lunderquist guidewire or double guidewire 
method may be used to reposition the catheter 
[7]. Different success rates of fluoroscopy-guided 
wire manipulation have been reported, ranging 
from 27% to 67% [27]. Advantages of 
fluoroscopy-guided wire manipulation are that it 
is relatively easy and safe, simple, does not 
require anesthesia, can be performed in radiology 
suite, can be attempted repeatedly, and has a rela-
tively lower cost compared to laparoscopic sur-
gery. Disadvantages of fluoroscopy-guided wire 
manipulation include a lower success rate and 
inapplicability of difficulty with certain special 
catheter design [27].

The rate of catheter misplacement has been 
dramatically reduced because in recent years it has 
been possible to place catheters more accurately 
under direct vision with laparoscopic insertion 
[10]. Surgical revision is mandatory in the treat-
ment of peritoneal catheter malfunction due to 
catheter tip migration when conventional methods 
fail. Open repositioning of the catheter is not only 
more invasive, but may result in the creation of 
adhesions. In addition, open catheter revision 
inhibits immediate use of the catheter because the 
abdominal incision must first heal. A secondary 
means of dialysis is required, that is, hemodialysis 
(HD) which involves further cost, inconvenience, 
and the risks associated with HD catheters.

Catheter tip migration without adhesions, 
requiring only laparoscopic redirection, can be 
expected to be restored to normal function in a 
high percentage of cases. Laparoscopic surgery is 
also used to adhesiolysis if needed with redirec-
tion of catheter [27]. PD catheters can be safely 
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positioned in patients with previous abdominal 
surgery [28].

In 1995, Julian et al. recommended the addi-
tional step of laparoscopic suturing of the cathe-
ter to the anterior abdominal wall to prevent 
further catheter malposition [29]. In recent years, 
laparoscopic repositioning and catheter fixation 
onto the parietal peritoneum has become an 
increasingly popular method of restoring the 
CAPD catheter due to catheter tip migration. A 
number of laparoscopic catheter fixation tech-
niques have been reported. The techniques advo-
cated for saving catheters have also been used 
during the initial placement for prophylaxis. 
Some authors have also preferred minilaparot-
omy and catheter fixation to the anterior abdomi-
nal wall for the treatment of malfunctioning PD 
catheter related to catheter tip migration [17, 30]. 
To prevent the catheter tip migration, rectus 
sheath tunellig effectively keeps the catheter ori-
ented toward the pelvis during the PD catheter 
placement [15].

�Fibrin or Blood Clots 
Within the Catheter

Catheter obstruction due to fibrin or blood clots 
within the catheter lumen is another problem in 
CAPD patients. Obstruction by blood clot or fibrin 
coating usually presents with blood-tinged dialy-
sate drainage. When the catheter is blocked with 
fibrin/clots there is usually absent inflow and out-
flow. Forcibly flushing the catheter with heparin-
ized saline, the classic use of fibrinolytics, such as 
urokinase, or mechanical interventions may 
resolve the obstruction. The channel-cleaning 
brush and fluoroscopy guidance can be used to 
restore patency with potential risks [31, 32].

Salvage surgery is required when primary non-
invasive management fails. However, most of 
these methods are not effective in the long run. 
Removel of the catheter is the usual outcome [33]. 
Laparoscopic rescue procedure should be safe, 
with a high success rate, ease of performance, abil-
ity to prevent recurrence, and quick recovery time.

The obstructed catheter is examined through a 
laparoscope to identify the cause of obstruction. 
The catheter is pulled out from the abdominal 

cavity through the 5-mm channel in the abdominal 
wall with atraumatic forceps. All obstructing ele-
ments inside the lumen are removed by milking the 
catheter by hand. The catheter is then flushed clean 
with heparinized saline and pushed back into the 
peritoneum [19]. The fibrin and blood clots are also 
cleared by milking the catheter with atraumatic 
laparoscopic forceps and flushing intraperitoneally 
with heparinized saline under pressure from a 
50-ml syringe [33]. This procedure is an easy task 
for the surgeon to perform using two ports. It does, 
of course, involve a longer time in the operating 
theater. The intraperitoneal laparoscopic cleaning 
minimizes the risk of catheter contamination that 
may occure if it is exteriorized. The reutilization of 
the original catheter is beneficial in that it avoids 
the need for additional work to remove the old 
catheter and reimplant a new catheter [21].

�Pericatheter Leakage

Pericatheter leakage of dialysis fluid occurs in 
4–36% of treated patients. Regardless of the 
implantation approach used, a break-in proce-
dure for 2–4  weeks has been recommended to 
avoid pericatheter leakage [34]. In some reports, 
PD was started immediately after surgical 
implantation and the incidence of pericatheter 
leakage was less than 2% [35]. The dialysate vol-
ume which is gradually increase to allow com-
plete wound healing, and thus promotes formation 
of a tight catheter passage at the begining of 
CAPD [36]. To treat leakage, it is recommended 
to have a break-in period of 7–14 days for com-
mencement of PD [37]. Catheter replacemnt is 
mandatory in the treatment of dialysate leakage 
when conventional methods fail [38]. One 
method of prevention is to create the long tunel-
ling which reduces the risk of pericatheter leaks 
during the PD catheter placement [10, 15].
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Mechanical Complications 
of Peritoneal Dialysis

Juaquito M. Jorge, Nicolas Bonamici, 
and Stephen Haggerty

�Introduction

Because peritoneal dialysis relies on an intraperi-
toneal catheter for both inflow and outflow of 
dialysate, it is no wonder that mechanical com-
plications are common and frustrating. Up to 
40% of patients develop a mechanical complica-
tion of peritoneal dialysis (MCPD) at some point 
during their therapy [1, 2], leading to a conver-
sion rate to hemodialysis of up to 20% [3, 4]. 
Examples of MCPD include inflow and outflow 
dysfunction, migration, hernias, peritoneal dialy-
sate leakage, hydrothorax, superficial cuff extru-
sion, hydrothorax, external tubing break or leak 
and pain during dialysis. This chapter will focus 
on prevention, diagnosis and management of 
these common problems with the exception of 
catheter dysfunction and hernias which are cov-
ered in separate chapters. Most authors agree 

that, like other procedure-related outcomes, 
equipment and operator factors are uniquely able 
to reduce the risk of problems before they occur. 
The International Society for Peritoneal Dialysis 
(ISPD) has published clinical practice guidelines 
for PD access [5] based on existing evidence, and 
where no evidence is available, expert consensus. 
These guidelines discuss having dedicated teams, 
surgeons, and support staff involved with each 
PD access case, utilizing standardized protocols 
for implantation (i.e. antibiotic prophylaxis, 
2 week minimum between catheter insertion and 
PD start), and conducting regular audits of PD 
catheter outcomes. Notably, the ISPD guidelines 
do not specify recommendations on type of cath-
eter, method of insertion, or other technical 
parameters. In fact, they pointedly mention that 
“no particular catheter type is proven to be better 
than another” based on grade 2C evidence.

�Technical Considerations

When it comes to discussing mechanical compli-
cations of peritoneal dialysis, prevention is key. 
Attention to detail, meticulous surgical tech-
nique, and following established “best practices” 
are paramount during PD catheter insertion sur-
gery to reduce complications later in treatment 
[6]. Catheter type, length, and exit site are key 
considerations for surgeons involved in PD inser-
tion. While recommendations exist on these 
points, no current level 1 evidence exists to 
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demonstrate superiority in outcome for straight 
vs. swan neck and single vs. double cuff cathe-
ters. No matter what catheter is used, the best 
way to prevent mechanical complications is a 
properly placed PD catheter, with curl tip under 
the pubis and exit site away from fat folds. 
Technical details for inserting catheters are found 
elsewhere in this book.

�Peritoneal Dialysis Fluid Leaks

�Introduction

Peritoneal dialysis fluid leakage is an infrequent 
but disruptive complication in patients on perito-
neal dialysis (PD), occurring in 4–10% of this 
population [7–9] and can happen early (<30 days) 
or late (> 30 days). Although peritonitis and exit-
site infections are the most frequent causes of 
technical failure in PD, dialysate leaks represent 
one of the major noninfectious complications. 
Causes include inguinal, umbilical, femoral or 
incisional hernias [10], peritoneal tears [11], 
leaks around the dialysis catheter, trauma, fluid 
overload and malignancy [12, 13]. Early leaks 
often overtly manifest as pericatheter leak [9] and 
may be related to insertion technique, timing of 
the start of PD after surgery, and inherent or 
acquired abdominal weakness. Late leaks may 
present more subtly with subcutaneous swelling 
and edema, weight gain, peripheral or genital 
edema, and apparent ultrafiltration failure and are 
predominantly due to abdominal wall hernias.

To minimize complications, particularly early 
in the treatment course, various options exist for 
PD placement location and technique, catheter 
type, and post-procedure CAPD management. 
Paramedian insertion may offer lower leak rates 
compared to midline insertion [14, 15]. Low leak 
rates have also been demonstrated after peritoneo-
scopic insertion [16] and laparoscopic insertion 
using a long peritoneal tunnel [17, 18]. While the 
pediatric literature tends to favor Tenckhoff cath-
eters over other catheters as superior with respect 
to dialysate leakage [19, 20], similar consensus on 
catheter choice in adults is lacking. In addition, 
the International Society for Peritoneal Dialysis 

(ISPD) recommends a 2 week wait after PD cath-
eter placement and prior to beginning PD in an 
attempt to minimize early dialysate leak [21].

Late onset PD leaks are often caused by under-
lying abdominal wall hernias or patent processus 
vaginalis, with signs and symptoms being as sub-
tle as peripheral or genital edema. Peritoneal 
tears may occur from trauma or surgery and can 
occur at any time after the start of PD. However, 
hernias are the most common cause of acute gen-
ital edema (AGE), especially late-onset edema. 
Case studies suggest a mechanism of fluid extrav-
asation via a tear in the hernia sac [22]. Inguinal 
hernias result in fluid in the hernia sac (hydro-
cele) and extravasation into the soft tissue caus-
ing scrotal or labial edema. Tears in ventral, 
incisional or umbilical hernia sacs may lead to 
fluid tracking down the fascial layers with gravity 
and entering the scrotum outside of the tunica 
vaginalis [22, 23]. A high index of suspicion and 
thorough preoperative examination prior to PD 
catheter placement is mandatory. Unfortunately, 
most dialysate leaks from hernias occur after 
30 days due to de novo development of abdomi-
nal wall hernias or from a congenital patent pro-
cessus vaginalis (PPV), present in about 13% of 
men without clinically detectable hernias [24, 
25]. A number of factors predispose PD patients 
to hernias including obesity, chronically elevated 
intra-abdominal pressures, uremia, trans-
peritoneal protein losses, and anemia [26].

�Evaluation of Dialysate Leak

An evaluation for PD-related complications 
begins with a focused history and physical exam. 
Understanding how far out the patient is from PD 
catheter insertion, the type of catheter that was 
used, and how it was placed provides valuable 
information. Careful questioning of patient 
symptoms is vital. In regards to occult PPV and 
inguinal hernias, patients often present with the 
complaint of rapid, persistent swelling of the 
genitalia (penis, scrotum or labia). There is usu-
ally discomfort but minimal pain. There are no 
associated symptoms such as fever, nausea, 
vomiting, diarrhea or constipation. Complaints of 
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dysuria, frequency or hesitancy are rare. On 
examination, bilateral scrotal or labial swelling 
and skin edema is often present, without redness 
or tenderness. During the period of severe edema, 
physical exam can be difficult and inaccurate. 
Genital swelling may be bilateral even in patients 
with unilateral hernias. A large hernia may be 
palpable, but small hernias or PPV will not be 
clinically apparent [7, 27–30]. While acute geni-
tal edema is not harmful to the patient, it does 
cause considerable distress and discomfort. It 
may also result in reduced dialysate outflow vol-
umes, requiring a switch to low volume cycled 
peritoneal dialysis and in some cases temporary 
hemodialysis. Making a rapid and accurate diag-
nosis is therefore paramount.

�Diagnostic Imaging

Evaluation for and confirmation of dialysate 
leakage, especially late onset, typically requires 
adjunctive testing and imaging. The presence of 
diffuse genital edema or lack of specific physical 
findings may make identifying overt causes of 
PD complications and dialysate leakage difficult. 
Aside from structural problems such as hernias, 
peritoneal tears, and pericatheter leaks, other 
potential causes such as salt and fluid intake /out-
take imbalances may exist. Modalities such as 
the peritoneal equilibration test (PET) can help 
detect both leaks and other CAPD related com-
plications by assessing returning volume. 
However, PET is best utilized in assessing 
patients with normal imaging since it can detect 
poor outflow, ultrafiltration failure and fluid over-
load as an alternative cause [8, 13].

Three main imaging modalities are available 
today which can more accurately identify the 
location of dialysate leak: peritoneal scintigra-
phy, CT peritoneography and MRI peritoneogra-
phy. In the late 1970s and early 1980s, clinicians 
had limited options for evaluating PD leak etiol-
ogy. Routine groin exploration looking for occult 
hernias in patients with AGE was described, but 
carried a success rate of only 75% [31]. Catheter 
peritoneography using plain roentgenograms fol-
lowing instillation of contrast into the peritoneal 

cavity was an initial imaging mainstay. Some 
combination of periodic exploration along with 
peritoneography was also used in order to lower 
the incidence of unnecessary surgery [22].

�Peritoneal Scintigraphy

First described in 1983, peritoneal scintigraphy 
was the next logical imaging advancement after 
catheter peritoneography. It has a higher sensitiv-
ity than either intraoperative site exploration or 
catheter peritoneography [32], with the success 
rate of picking up fluid leaks as high as 95% in 
some series [33].

A varying amount of radioactive isotope, usu-
ally 2–5 mCi of Tc-99m, mixed with one to two 
liters of dialysate is instilled into the peritoneum 
and imaged with a gamma camera [27, 33–35]. 
Standing and/or ambulating after radioisotope 
administration increases the sensitivity of finding 
a leak and shortens the duration until a positive 
finding can be seen. After a period of time vary-
ing from minutes to hours, imaging pictures are 
taken in both supine and upright positions and 
from different angles.

Availability of peritoneal scintigraphy is 
institution-specific, requiring a nuclear medicine 
department experienced in this technique. It is a 
solid diagnostic modality, especially in areas with-
out easy availability to advanced imaging such as 
CT and MRI. Despite the availability of advanced 
technology, peritoneal scintigraphy continues to 
be frequently used to assess patients with sus-
pected PD leaks [13, 36, 37]. Advantages include 
high diagnostic accuracy in detecting leaks and 
hernias, low cost, decreased radiation exposure, 
and low risk of contrast associated peritonitis and 
allergic reaction to iodine contrast. In addition, it 
provides whole body multi-planar images and 
delayed images may be taken up to 24 h later.

�Computed Tomography 
Peritoneography

Computed tomography (CT) use in CAPD-
related complications was first described circa 
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1984. While plain CT has been used, addition of 
intraperitoneal contrast has been shown to 
increase the diagnostic accuracy in suspected PD 
leak patients to between 70% and 100% 
[38–40].

Similar to catheter peritoneography and peri-
toneal scintigraphy, CT peritoneography involves 
instilling ~100 mL of Omnipaque or similar con-
trast mixed with one to two liters of dialysate into 
the peritoneal cavity. In order to facilitate spread 
of contrast, ambulatory patients are asked to walk 
or stand for a prescribed period of time while 
non-ambulatory patients may roll from side to 
side or sit up. Images are then taken with the 
patient in the supine position between 1 and 4 h 
later. A pre-contrast CT scan may or may not be 
performed. Occasionally, delayed imaging 
beyond 4 h may be helpful if initial imaging is 
negative but clinical suspicion is high.

CT peritoneography facilitates diagnosis, ver-
ifies the location of the catheter and helps in sur-
gical planning. It allows better anatomical 
information regarding the etiology, location and 
size of fluid leak than scintigraphy. While some 
earlier series looking at diagnostic success dem-
onstrated decreased sensitivity compared with 
peritoneal scintigraphy, advances in CT scanning 
technology likely will have a positive effect on 
this. Conversely, CT imaging generally is more 
expensive and subjects the patient to more radia-
tion than other imaging modalities.

�Magnetic Resonance 
Peritoneography

Magnetic resonance imaging (MRI) offers prom-
ising results in diagnosing etiology of PD leak-
age. Conducted in a manner similar to CT 
peritoneography, MRI peritoneography also 
involves imaging after intraperitoneal instillation 
of contrast mixed with dialysate. Single-
institution case series demonstrate a sensitivity of 
~65% for picking up CAPD complication etiolo-
gies [36]. In cases where contrast instillation may 
be contraindicated such as prior allergic reaction 

or sensitivity, MRI peritoneography with only 
dialysate medium has been described. Initial evi-
dence seems to demonstrate equivalent sensitiv-
ity [41].

While MRI offers benefits over CT in terms of 
lack of radiation exposure, its diagnostic success 
has not been extensively studied. Additionally, its 
availability and cost present obvious limitations.

�Other Diagnostic Modalities

Ultrasonography is often used to evaluate scrotal 
contents and viability of the testis. In the case of 
suspected PD leakage in a patient with acute gen-
ital edema and a clinically detectable hernia, 
some authors argue that sonographic confirma-
tion is all that is needed prior to herniorrhaphy 
[42, 43]. Advantages include non-invasiveness, 
lack of radiation exposure and ability to be per-
formed quickly and easily at bedside. Findings 
may include patent processus vaginalis contain-
ing pooling fluid and a dilated peri-testicular 
space of the tunica vaginalis. The presence of a 
communication with the peritoneal cavity may or 
may not be seen. However, ultrasound is highly 
operator dependent and lacks the sensitivity and 
specificity of other imaging modalities when 
used as a solitary diagnostic test.

Despite advances in imaging technology, there 
are still cases where the etiology of PD leakage is 
unclear, especially when differentiating unilat-
eral from bilateral small inguinal hernias or 
PPV.  We have previously reported the use of 
diagnostic laparoscopy (DL) in patients with 
acute genital edema and suspected PD leakage to 
make a definitive diagnosis and accurately differ-
entiate bilateral and unilateral inguinal hernias 
[44]. This is important because the rate of PPV 
on the opposite side in patients with unilateral 
hernias approaches 25% [45, 46] and failure to 
identify this will result in recurrent genital edema 
and the need for reoperation. The accuracy of DL 
approaches 100% and has a less than 1% 
complication rate [47, 48]. Herniorrhaphy may 
be then undertaken during that operation.
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�Management

Treatment of dialysate leaks initially focuses on 
prevention. Delaying CAPD for 14  days after 
catheter insertion and initiating CAPD with low 
dialysate volume may prevent early leakage [5, 
21]. Spending more time supine with the scrotum 
supported and elevated in males may help 
improve genital edema. Differentiating PD leaks 
between early and late onset is important, as eti-
ologies are obviously managed differently. Early 
leaks from a peritoneal tear or catheter insertion 
site often respond to low volume PD in a supine 
position or cycled [9, 49]. If this fails, cessation 
of PD for a few weeks [7, 8, 10, 11] allows spon-
taneous closure [8, 12]. Unfortunately the latter 
requires temporary hemodialysis. If pericatheter 
leakage does not respond to conservative man-
agement, catheter replacement is an option [12, 
50].

Late dialysate leaks, often manifesting as 
acute genital edema, usually require surgical cor-
rection. Hernias should be repaired as they gener-
ally do not respond to nonoperative measures. 
Open inguinal hernia repair with high ligation 
and excision of the hernia sac or PPV, followed 
by placement of onlay mesh as described by 
Lichtenstein [51] appears to be the best approach 
allowing early return to CAPD with low risk of 
recurrence [52–54]. In fact, if the diagnosis can 
be made quickly and the genital edema responds 
to low volume PD, hernia repair may be per-
formed without switching to hemodialysis [55]. 
For ventral or incisional hernias, open anterior 
repair with inversion of the hernia sac without 
disrupting it, and placing onlay mesh has been 
shown to have low recurrence and leak rates in 
adults [56, 57]. If the peritoneum is entered, it is 
recommended to close the peritoneum in a water-
tight manner [58]. Laparoscopic inguinal and 
ventral hernia repair with mesh has not been ade-
quately studied in PD patients, but may decrease 
the effectiveness of the peritoneal membrane and 
be a potential for mesh infection. Ultimately, any 
intraperitoneal placement of mesh, or concern for 
peritoneal membrane integrity after hernia repair 

probably should lead to cessation of PD and tem-
porary HD for several weeks to mitigate the risk 
of mesh infection.

�Hydrothorax

Pleural effusions and hydrothorax as a result of 
dialysis fluid movement from the abdominal space 
to the pleural space are rare but potentially life 
threatening complications of PD, occurring in 
1–2% of patients [59, 60]. Patients with hydrotho-
rax often present with shortness of breath and acute 
transudative pleural effusion, usually after dwell 
with dialysate and usually within the first 30 days 
after dialysis initiation, primarily due to catheter 
dysfunction or excessive peritoneal pressure due to 
dialysate influx [59, 60]. The primary etiology of 
hydrothorax in the PD patient is thought to be 
pleuro-peritoneal communication due to high peri-
toneal pressure upon dialysis in the presence of con-
genital or acquired defects in the diaphragm [59, 61, 
62], although some cases are brought on by a mal-
functioning or malpositioned catheter [63]. Notably, 
the presence of hydrothorax is right-sided in 90% of 
cases, as the left side of the diaphragm is partially 
supported by the heart and pericardium [64–66].

Patients often present with early onset hydro-
thorax within the first 30 days after catheter inser-
tion with chest heaviness, shortness of breath, or 
dyspnea during dialysate indwelling, although up 
to 25% of patients present with no symptoms or a 
slight cough [67]. Like the symptoms of local 
edema, symptoms of hydrothorax often manifest 
upon dialysate influx, or directly after indwelling 
[68]. Because these symptoms could be misdiag-
nosed as congestive heart failure or inadequate 
dialysis, an early and accurate diagnosis is crucial 
to management. Many of the diagnostic tools 
used to detect leaks elsewhere in the body are use-
ful in diagnosing PD-associated hydrothorax. 
Common methods of diagnosis are chest CT [68], 
X-ray imaging [70], or ultrasonography [68]. 
These methods can confirm the presence of fluid 
in the pleural space, but do not allow for apprecia-
tion of the underlying etiology of a diaphragmatic 
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defect, which can lead to an alternate diagnosis 
[71]. Additionally, the presence of increased glu-
cose levels in the pleural fluid is suggestive of a 
pleuro-peritoneal communication, although this 
does not manifest in all patients and should not be 
relied upon as the sole means of diagnosis [59, 70, 
72]. Instead, there is increasing use of peritoneal 
scintigraphy [68, 69, 73–76], which allows not 
only for accurate diagnosis of fluid overload and 
transudative pleural effusion but also allows for 
the identification and localization of diaphrag-
matic defects without thoracoscopic intervention.

�Management

Upon a diagnosis of PD-related hydrothorax, sev-
eral management options are available. 
Conservative management usually involves the 
cessation of dialysis for 4–6 weeks, and patients 
are often switched to biweekly hemodialysis. This 
allows for the mediastinum to heal after a rupture, 
and is usually sufficient to prevent subsequent 
instances of effusion. Unfortunately, conservative 
management is effective in only a quarter of all 
PD-related hydrothorax [60]. This leaves the 
patient with two options, switch to hemodialysis 
or undertake invasive measures in attempt to 
remain on PD. This includes either thoracotomy 
or video assisted thoracoscopic surgery, usually to 
obliterate the pleural space via mechanical or 
chemical pleurodesis. Mechanical pleurodesis 
with an abrasive pad is performed either via open 
or video thoracotomy to adhere the parietal and 
visceral pleural via inflammation [76, 77], while 
chemical pleurodesis with povidone, talc, tetracy-
cline, or other sclerosing agents can be performed 
by catheter infusion [76, 77]. A long term study 
found that pleurodesis effectively reduces the risk 
of hydrothorax for up to 50 months after manage-
ment [77]. In cases where a large defect is identi-
fied, video-assisted thoracoscopic repair [70, 78, 
79] or less commonly, thoracotomy and repair 
under direct vision are performed [80]. 
Additionally, case studies show success at closing 
diaphragmatic defects with automatic endoscopic 
staplers [81] or endoscopic suturing devices [82] 
combined with overlay non-absorbable mesh [79] 

and fibrin glue [81]. After intervention, it is com-
mon to withhold PD for several weeks until the 
integrity of the diaphragm is restored [79, 82], 
although some advocate immediate return to PD 
[81]. Although the long term success of these pro-
cedures is largely unstudied, patients with hydro-
thorax early in their peritoneal dialysis treatment 
often return to PD as their preferred dialysis 
modality. However, if patients do not wish or are 
not medically fit to undergo an invasive procedure 
a switch to hemodialysis is needed.

�Superficial Cuff Extrusion

If the external cuff of a peritoneal dialysis catheter 
becomes visible at the skin level, it is called extru-
sion (Fig. 13.1). In this case, the fibers become 
colonized with skin bacteria and may form a 
chronic exit site infection. This in turn can lead to 
peritonitis and even catheter loss [83]. When cuff 
extrusion happens it is almost always because of 
poor planning and technique during the surgical 
insertion. The exit site must be planned based on 
the insertion site and the shape of the catheter. If 
the exit site has been chosen too close to the inser-
tion site, over time a normally straight catheter 
with a bend formed by the surgeon will slowly 
straighten and push the external cuff outward.

When the external cuff is visible, the patient is 
usually referred back to the surgeon for catheter 
replacement. Many times there is associated exit 

Fig. 13.1  Superficial cuff extrusion from skin (Courtesy 
of Dr. Stephen Haggerty)
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site infection or even tunnel infection. Since 
maintaining a functioning catheter is of the 
utmost importance in renal failure patients, it is 
generally preferable to salvage an existing func-
tioning catheter as opposed to replacing it and 
risking fluid leak, malfunction, infection and 
need for switch to hemodialysis. Salvage tech-
niques such as external cuff shaving [84–89] de-
roofing of the exit site [90] and replacing the 
external segment of the catheter by splicing and 
repairing the catheter [91] have been reported.

�Cuff-Shaving Technique

Although various techniques have been used for 
cuff shaving, the most standard seems to be as fol-
lows: Local anesthesia is injection into the skin 
around the exit site. Elliptical incision is made in the 
skin around exit site. Cautery is used to excise skin 
and soft tissue to expose the distal cuff (Fig. 13.2). 
Soft tissue is debrided off the distal cuff. The fibers 
of the cuff with a layer of silicone are then shaved 
off in strips using a scalpel or even a common razor 
[89] (Fig. 13.3). Using magnification may help the 
accuracy of the shaving. It should be noted that 
most catheters have thicker layer of silicone at the 
cuff to allow safe removal of all the fibers and a 
layer of silicone (Fig. 13.4). After all fibers are 
removed, the wound is packed and allowed to gran-
ulate around the catheter (Fig. 13.5).

Fig. 13.2  After local anesthesia, the cuff is freed from 
the skin and soft tissue using knife and cautery (Courtesy 
of Dr. Stephen Haggerty)

Fig. 13.3  Careful shaving of the cuff and silicone 
(Courtesy of Dr. Stephen Haggerty)

Fig. 13.4  Completed cuff shaving (Courtesy of Dr. 
Stephen Haggerty)

Fig. 13.5  Packing the wound around the catheter 
(Courtesy of Dr. Stephen Haggerty)
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�Results

Cuff shaving was described by Nolph and 
Nichols in 1983 [84] and Helfrich and 
Winchester were able to salvage 8 out of 12 
catheters with exit site infections using this 
technique [85]. Piraino showed poor results 
from cuff shaving in 22 patients. The median 
catheter survival was only 1.5 months and there 
was high rate of dialysate leak and recurrent 
infection after the procedure producing a paul-
try 27% success rate [86]. However, in the larg-
est series to date, Scalamogna reported a 50% 
1  year survival after cuff shaving for staph 
aureus and staph epidermidis. Unfortunately, 
shortly after the procedure, 20 catheters (49%) 
were removed for either persistent tunnel infec-
tion or development of peritonitis [88]. In addi-
tion, Tan reported a 77% catheter survival after 
an average follow-up of 8.3 months using cuff 
shaving with a common razor [89]. Cuff shaving 
has also been described in children with good 
results. Yoshino compared 32 cuff shaving pro-
cedures with 29 catheter replacements in 
patients 1–20  years old. The primary outcome 
was time to post surgical tunnel infection and 
there was no significant difference between the 
groups. The incidence of recurrence of infection 
was 12.5% after the cuff shaving procedure with 
a 9.4% incidence of peritonitis. They concluded 
that compared to replacing the catheter, cuff 
shaving was less expensive, shortened hospital 
stay, and reduced the frequency of catheter 
replacement [92]. Another pediatric study 
reviewed 13 patients who underwent cuff shav-
ing and formation of a new subcutaneous tunnel 
with exit site in the opposite side of the abdo-
men. After a mean follow-up of 31 months there 
were no recurrent exit site or tunnel infections. 
However five members of the group stopped PD 
due to receiving a transplant [93].

�Recommendations

Based on the known literature, careful cuff shav-
ing is a viable option to salvage a functioning PD 
catheter with superficial cuff extrusion or exit site 

infection. It may be performed under local anes-
thesia with minimal risk. However, if the tubing 
is damaged or cut during the procedure of if there 
is dialysate leak or persistent infection the cathe-
ter will need to be removed and a new one placed, 
usually on the opposite side of the abdomen.

�External Tubing Damage

Peritoneal dialysis is made possible by inflow 
and outflow through an intraperitoneal catheter 
which has intraabdominal, abdominal wall and 
external components. Mechanical complica-
tions may occur to the external component such 
as cracks or leaks in the tubing which prevent 
adequate dialysis and predispose the patient to 
peritonitis. Catheter damage is an infrequent but 
aggravating problem that occurs most com-
monly from accidental damage from clamps or 
scissors [94, 95]. However, it can also simply 
weaken over time, or be damaged by disinfec-
tants such as alcohol or iodine and even some 
antibiotics [96]. Mupirocin which has been used 
for exit site infections has been shown to cause 
structural damage to polyurethane catheters. 
Furthermore, some catheters contain barium 
sulfate which over time can make the catheter 
brittle [97]. A final reason for catheter damage 
may be faulty production or a “bad batch” of 
catheters.

If the distal end is damaged, the catheter is 
simply cut and the cap is replaced. If the catheter 
damage is less than 2–3  cm from the exit site, 
there is a higher risk of infection and peritonitis. 
In addition there is not enough length to ade-
quately use a repair kit. Therefore, it will most 
likely need to be replaced [94]. However, if there 
is catheter damage greater than 3 cm from the exit 
site, it is amenable to salvage using the Argyle™ 
Peri-Patch peritoneal dialysis catheter repair kit 
(Medtronic, Inc. Mansfield, MA). This kit 
includes a catheter extension with double-barbed 
connector, glue mold, locking ring, Beta-cap and 
Beta-cap clamp and medical-grade adhesive sili-
cone to “glue” the pieces together, forming an air 
tight, water tight, bacteria resistant connection 
(Fig. 13.6).
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�Technique for Repair

When catheter damage is reported, patients are 
instructed to clamp the catheter proximal to the 
damage and come to the outpatient clinic as soon 
as possible. As per the package insert, the cath-
eter should be repaired only by a qualified, 
licensed physician or other health care practitio-
ner authorized by and under the direction of such 
a physician. Sterile technique is observed (mask 
and gloves). The indwelling catheter is clamped 
with smooth-jawed forceps. The catheter is 
scrubbed with aqueous based povidone-iodine. 
Alcohol should be avoided. The end of the 

indwelling catheter is cut using sterile scissors. 
The barbed connector of the extension tubing is 
inserted all the way onto the indwelling catheter 
until it abuts the plastic hub of the connector 
(Fig. 13.7). The catheter and extension tubing is 
wiped to remove all iodine and any foreign mat-
ter. The empty glue mold is wrapped around the 
repaired segments, where the patient’s existing 
catheter meets the extension (Fig. 13.8). Care is 
taken to center the glue mold over the connec-
tion and the mold is closed and secured with the 
locking ring. The adhesive tube is opened and 
the aluminum seal is broken with the piercing 
pin in the cap. The tube of adhesive is threaded 

Double-barbed
Connector

Glue Mold

Catheter
Extension

Beta-cap Clamp

Beta-cap

Beta-cap
Adapter

Locking
Ring

Fig. 13.6  Contents of the 
Peri-patch kit (Image 
courtesy of Medtronic.  
© 2016 Medtronic.)

Barbed
Connector

Peri-Patch
Catheter Indwelling

Catheter

Fig. 13.7  Peri-patch 
catheter and connector 
inserted into existing 
catheter segment (Image 
courtesy of Medtronic.  
© 2016 Medtronic.)
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into the locking ring (Fig. 13.9). The tube of 
adhesive is squeezed slowly until the mold is full 
and excess is wiped away. The new catheter is 
aspirated to remove air and capped and clamped. 

The mold remains for 72 h to allow the adhesive 
to cure. However, routine PD may be performed 
during this period. The mold is then opened after 
72 h and if the adhesive is dry, it is removed. If it 
is tacky, the mold is closed for another 24 h.

�Results

In a recent review of five repair procedures, 
Moreiras-Plaza found that none of the patients 
experienced dialysate leaks or peritonitis or other 
infectious complications after several months of 
follow-up [98]. A review of 11 splicing proce-
dures by Usha in 1998 showed that the life-span 
of these catheters was extended by a mean of 
26 months and the infection rate was not affected. 
Only one infection was related to trauma during 
the splicing resulting in chronic exit site infection 
requiring catheter removal [94].

�Recommendations

External catheter damage can be avoided by safe 
handling techniques. It should be emphasized to 
patients not to use sharp objects to cut tape or 

Glue Mold

Fig. 13.8  The glue mold 
is placed around the 
connected pieces and 
snapped shut (Image 
courtesy of Medtronic. 
© 2016 Medtronic.)

Silicone
Adhesive

Locking
Ring

Catheter

Glue
Mold

Fig. 13.9  The adhesive tube is threaded onto glue mold 
using the locking ring. The silicone adhesive is then 
squeezed into the glue mold (Image courtesy of Medtronic. 
© 2016 Medtronic.)
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gauze around the catheter. If there is a breakage 
or leak, it is important to address this immedi-
ately and also give an antibiotic to prevent perito-
nitis. If the break is <3 cm from the exit site, the 
catheter should be replaced. If it is greater than 
3 cm but too close to simply divide the catheter at 
that spot, repair using the Peri-Patch kit is an 
excellent alternative to removal and should be 
attempted first.

�Pain during Peritoneal Dialysis

Pain on instillation of PD fluid or draining (drain 
pain) is a known complication in patients undergo-
ing PD occurring in 13 to 25% of patients [99–
101]. It is thought to be due to shearing forces 
against the peritoneum or “jet” effect of dialysate 
emerging from the distal end of the catheter at 
relatively high velocity. It can also be related to the 
pH of the dialysate. If the pain is on outflow, it may 
be due to suction effect and is often positional. It is 
many times clinically significant, impacting the 
patient’s quality of life. The phenomenon occurs 
more frequently with cycler PD where hydraulic 
suction rather than gravity is used to drain the dial-
ysate. Drain pain is more likely to occur when the 
catheter tip is implanted too low in the pelvis, 
wedging it between the rectum and uterus or rec-
tum and bladder and leaving it susceptible to early 
termination of dialysate outflow and abrupt con-
tact of the catheter tip with the peritoneum. A 
common cause of the catheter being implanted too 
deep in the pelvis is when the operator uses a sin-
gle catheter type for all patients, inserting it at a 
fixed site relative to the umbilicus without consid-
eration of catheter dimensions or patient body 
habitus [102]. This is why ISPD guidelines state 
that the umbilicus should not be used as a refer-
ence mark for catheter insertion [103].

Treatment includes altering the pH of the 
fluid, slowing down the infusion, converting to 
non-cycler PD using gravity-only drainage or not 
completely draining the peritoneum at the end of 
dialysis (tidal dialysis) [100, 101]. The pain may 
resolve with time; however if it is debilitating, 
catheter repositioning or removal may be neces-
sary [104, 105].

There is no satisfactory surgical salvage pro-
cedure short of replacement for a catheter 
implanted too deep in the pelvis. Prevention of 
the problem can be achieved by employing meth-
odology during preoperative planning to select 
the most appropriate catheter type and using the 
catheter itself to determine the insertion site that 
produces optimal pelvic position of the catheter 
tip [106]. In addition, long extraperitoneal tun-
neling for placement of the catheter body (straight 
portion of the catheter) may avoid movement of 
the catheter which may prevent the tip of the 
catheter hitting the peritoneum periodically dur-
ing CAPD [107].
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Infectious Complications 
of Peritoneal Dialysis

L. Tammy Ho

�Introduction

Infection remains the number one issue in mor-
bidity and mortality in patients on peritoneal dial-
ysis (PD). It remains the leading cause of 
technique failure and transfer to hemodialysis. 
Some studies estimate that peritonitis accounts 
for 20–25% of modality failures. In addition, exit 
site and tunnel infections occur in about 1 in every 
24 patient months while on PD and many times 
lead to a disruption in dialysis. A strong home 
dialysis program highlights infection prevention 
as a main part of their quality maintenance pro-
gram. In data reported by the United States Renal 
Data System (USRDS), collected from informa-
tion received by Medicare, the incident number of 
all dialysis patients in 2013 was 117,162, with a 
prevalence of 661,638. Of this group of incident 
patients, only 9% initiate dialysis with PD [1]. 
The reported all-cause hospitalization frequency 
and total hospitalization days have decreased over 
last decade. The number of infection related hos-
pital days per patient year in PD patients has also 
improved, decreasing by 24.8% compared to 
2005. However, the rate for infection related hos-
pitalization in peritoneal dialysis patients contin-
ues to exceed the rates for cardiovascular related 

hospitalizations. With recognition of peritonitis as 
a major factor in morbidity in patients transition-
ing to PD, greater emphasis has been placed on 
finding techniques to improve rates of infection.

�Presentation and Typical Organisms

Historically, the classic presentation for peritoni-
tis among PD patients typically includes cloudy 
dialysate and increasing abdominal pain. The 
patient may or may not have accompanying fever 
or other symptoms of systemic infection such as 
rigors and hypotension. Peritonitis is frequently 
thought of as the result of a break in sterile tech-
nique or touch contamination. This commonly 
leads to dialysate contamination by gram positive 
skin organisms. Studies have demonstrated sim-
ple hand washing and hand drying prior to con-
nection minimizes risk of infection [2]. Risk of 
infection is most when the PD system is open, 
during an exchange or due to leak. Use of pro-
phylactic antibiotics following such events 
reduces risk of future peritonitis, although overall 
incidence of infection is low [3].

Touch contamination is only one of a number 
of ways that peritoneal fluid can be seeded. 
Secondary seeding of the dialysate through trans-
location of bacteria across bowel mucosa can also 
occur as a complication of elective gastrointestinal 
invasive procedures and through bowel related 
issues including gastroenteritis, diarrhea or 
constipation, or bowel ischemia [4]. Resultant 
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microbiology is reflective of the source. Peritoneal 
fluid cultures in these cases are typically polymi-
crobial or grow gram negative organisms. 
Secondary seeding has also been described 
through gynecologic procedures. Although much 
more rare, hematogenous spread is also a concern, 
through dental procedures or other systemic infec-
tions. Another major focus of attention is the rela-
tionship between catheter related infections and 
the progression to peritonitis. Prevention of exit 
site infections and tunneled infections have been 
associated with improved rates of peritonitis [5].

The visualization by the patient of a cloudy 
dialysate bag, accompanied by complaints of 
abdominal pain, is a standard presentation for 
peritonitis. The classic physical exam may show 
fever and abdominal rebound tendernesss. Initial 
workup typically includes CBC with differential, 
PD effluent cell count and culture. Measurement 
of dialysate cell count typically will demonstrate 
WBCs of greater than 100 cells/mm3, 50% of 
which are neutrophils. However, cloudy effluent 
can be the result of non-infectious etiologies as 
well. The differential for cloudy effluent may 
include chemical peritonitis, allergic peritonitis, 
and hemoperitoneum, but both clinical presenta-
tion and dialysate cell count differential help dif-
ferentiate the presence of an infectious etiology. 
When the percentage of eosinophils predomi-
nates, this may suggest more non-infectious eti-
ologies or more allergic type issues. When 
lymphocytes are the predominant cell on cell 
count, fungal or mycobacterial infection need to 
be considered. However the cell count differen-
tial itself does not accurately predict the type of 
infection present.

In recent decades, the ability to rely on visual 
recognition of a cloudy bag has decreased due to 
the shift in preference by practitioners and patients 
from chronic ambulatory dialysis (CAPD) to 
automated peritoneal dialysis (APD). Patients 
may present with early subjective symptoms of 
abdominal discomfort without any history of a 
change in appearance of dialysis fluid. Repeated 
examination of dialysis fluid and collection of 
dialysate for cell count may become more critical 
in the diagnosis of peritonitis and may become 
abnormal later in the course of infection. 

Collection of cell count from the patient on APD, 
who does not have a last fill, may result in a WBC 
count below 100 cells/mm3. In these patients, a 
dry abdomen during the day or much shorter con-
tact time between dialysate and peritoneum, may 
result in low WBC cell count measurements. 
Recognition of these issues and allowing test dial-
ysate fluid to dwell an appropriate length of time 
in the abdomen before collecting a cell count 
sample, will avoid false negative results. In APD 
patients, the appropriate clinical presentation, 
accompanied by a dialysate cell count that is 
mostly neutrophils, would be sufficient to support 
empiric antibiotic therapy for presumed peritoni-
tis in these patients.

�Prevention

Awareness of clinical risk factors that increase a 
peritoneal dialysis patient’s likelihood of devel-
oping acute peritonitis contributes to develop-
ment of interventions to lower peritonitis rates. 
Intervention to avoid severe constipation and 
education of patients regarding early notification 
of their home dialysis unit in the event of a break 
in technique, are important preventative mea-
sures. Although the incidence of secondary peri-
tonitis is rare from invasive gastrointestinal, 
dental and gynecologic invasive procedures, the 
benefit of prophylactic antibiotics warrant their 
use pre-procedure [4, 6]. Typically, based upon a 
1994 review by Strippoli, most centers adminis-
ter intravenous aminoglycoside plus ampicillin 
prior to the colonoscopy. In dental procedures, 
typically, oral amoxacillin prophylxis is suffi-
cient. The importance of educating patients 
regarding notification of their home dialysis unit 
prior to undergoing such elective procedures 
should not be overlooked.

Multiple studies have looked at a variety of 
catheter related characteristics and surgical tech-
niques to assess if there may be a benefit to one 
type of catheter or one surgical implantation 
technique. Development of the double cuffed 
catheter, exit sit location, direction of the tip of 
the catheter and design of the catheter portion 
within the abdomen all were conceived to 
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improve infection risk. To date, data has not 
strongly demonstrated a particular catheter to be 
superior in terms of infection prevention [7]. 
Laproscopic techniques with or without 
burying  of the catheter prior to externalization 
and use have also not been demonstrated to lead 
to improved infectious outcomes, thus the 
International Society of Peritoneal Dialysis 
(ISPD) Guidelines do not recommend a specific 
type of peritoneal catheter as better suited to pre-
vention of peritonitis [8]. However, data does 
support pre-operative administration of intrave-
nous antibiotics prior to catheter placement. A 
randomized trial by Gadallah et al., showed that, 
in a 14 day perioperative period, single dose van-
comycin pre-operatively was superior to cefazo-
lin. A smaller benefit was also seen with the use 
of the first generation cephalosporin, as com-
pared to no prophylactic antibiotic use [9]. 
Vancomycin use remains controversial, with 
ongoing concerns for development of antibiotic 
resistant organisms. ISPD guidelines suggest the 
careful consideration of cost/benefit by each cen-
ter of the use of prophylactic vancomycin [8].

Identification of higher risk patients may 
allow for more guided surveillance and early pre-
vention techniques in these patient groups. 
Kumar et al. found that neither race nor socioeco-
nomic status predicted technique survival [10] 
however Nessim et  al. examined data in over 
4000 patients from the Baxter POET database 
[11]. The predictors of peritonitis in these inci-
dent patients from Canada included black race, 
female patients with diabetes and those who 
transferred from hemodialysis to peritoneal dial-
ysis. There was no modality effect, with similar 
infection risk identified between CAPD and APD 
patients. The data is contradictory on whether 
CAPD increases risk of infection. There has been 
increased concern with the recognition that there 
are many more potential points/times of contact 
and possible contamination that result from 
increased frequency of connection/disconnec-
tion. Past suggestion of increased infection risk 
with CAPD in studies appears to be related to 
early connection/disconnection technology. 
More current studies have not found a consistent 

difference in infection rates between the two PD 
techniques [12, 13].

Although difficult to measure and standardize, 
the foundation of a center’s peritonitis prevention 
program remains the experience of the program 
and the effectiveness of the peritoneal dialysis 
nurse trainer. The years of experience of the train-
ing professional inversely correlates with the risk 
of peritonitis in patients trained, demonstrating 
the need for continuing support of the trainer 
nurse [14]. Ongoing reinforcement of technique 
and re-education of patients also appears to be 
important in preserving low rates of infection. 
The length of time spent in training is not well 
defined and there are no randomized trials evalu-
ating this question. A recent Brazilian prospective 
cohort study of over 2000 incident PD patients 
found a association between greater than 15 h of 
training and decreased peritonitis rates. As well, 
centers with larger number of patients and greater 
length of experience had decreased peritonitis 
rates [15]. The ISPD Guidelines recommend that 
any PD training center track peritonitis episodes 
and maintaining ongoing continuing education 
for patient and staff. They recommend retraining 
when an acute event as hospitalization or infec-
tion occurs [16].

�Exit Site and Tunnel Infections

Exit site infections are an independent risk factor 
for peritonitis [17]. The presence of erythema, 
swelling and pain on exam with purulent drain-
age are findings suggestive of an exit site infec-
tion. In clinical settings where there is the 
suggestion of active exit site infection, empiric 
antibiotic treatment is recommended by the 
ISPD guidelines [18]. Oral administration of 
antibiotics is generally sufficient; any empiric 
antibiotic therapy should provide coverage for 
Staphylococcal aureus organisms [19]. The pres-
ence of Staphylococcal or Pseudomonal infection 
is suggestive of more extensive catheter involve-
ment and has high risk to extend into a tunnel 
infection. Physical exam demonstrating swell-
ing, erythema and tenderness along the track of 
the catheter is supportive tunnel involvement by 
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infection. Use of ultrasound may be helpful to 
define fluid collections along the track [20, 21]. 
Peritoneal catheter removal is recommended 
when there is ongoing exit site or tunnel infec-
tion which is non-responsive to therapy, or there 
is an exit site or tunnel infection leading to peri-
tonitis. Some data suggests if there infection is 
limited to the catheter, a single surgical proce-
dure to remove and re-implant the peritoneal 
catheter may be successful [22]. This may allow 
the patient to avoid a switch to temporary hemo-
dialysis. Infections with pseudomonas are par-
ticularly problematic and often lead to catheter 
removal. Some novel techniques have been 
described to salvage the existing catheter in 
patient who have an exit site infection refractory 
to antibiotics. “Cuff shaving” by unroofing the 
subcutaneous cuff, shaving it off, and rerouting 
the catheter to an alternate exit site has been 
reported successful in 87.5% of children in one 
study from Japan. This technique was also suc-
cessful in 13 adults with chronic tunnel infection 
[23]. Wu et  al. described 26 catheters in 23 
patients in which the entire subcutaneous tubing 
was replaced from just above the internal cuff 
with no interruption in dialysis [24].

Typical infecting organisms of the exit site 
include staphylococcal and streptococcal spe-
cies. Identification of staphylococcus aureus 
nasal carriers and treatment of these carriers 
have been demonstrated to decrease infection 
[25]. The use of mupirocin at the exit site has 
also been demonstrated to effectively reduce 
Staphylococcus aureus exit site infections. There 
was a 72% reduction in exit site infection 
with  use of mupirocin vs no prophylaxis in 
over  1200 patients and a similar reduction in 
peritonitis episodes, especially when consider-
ing only infections with Staphylococcus aureus. 
Mupirocin use, however, is limited due to its 
ineffectiveness against gram negative bacteria, 
especially pseudomonas infection. As well, its 
use has been complicated by development of 
mupirocin resistant organisms. Some investiga-
tors suggest that the risk of resistant bacteria is 
not as significant as concerns suggest [26]. 
However, some centers utilize gentamicin topi-
cal ointment for exit site prophylaxis, following 

the demonstration of its superiority to mupirocin 
in a double blind, randomized trial. Bernardini 
et al. compared exit site use of gentamicin cream 
versus mupirocin [5] in 136 patients. Gentamicin 
has activity against both Staphyloccocal aureus 
and Pseudomonas aeruginosa. Patients were ran-
domized to either mupirocin or gentamicin. 
Although both groups had equal catheter removal 
rates, the gentamicin group had fewer peritonitis 
rates, due to reduced rates of gram negative peri-
tonitis. However, other investigators found, after 
switching from mupirocin to gentamicin topical 
exit site prophylaxis, that there was no differ-
ence in exit site infection and peritonitis rates 
[27]. It is advised that PD centers should con-
sider including local exit site antibiotic prophy-
laxis as part of their peritonitis prevention 
program, the type of local antibiotic prophylaxis 
remaining an individual center choice.

�Peritonitis Treatment

The most common cause of peritonitis in the PD 
patient is bacterial in origin and is predominantly 
gram positive in type. The prevalence and antibi-
otic sensitivities of infecting organisms are spe-
cific to the geographic location. Thus the ISPD 
guidelines continue to recommend center directed 
treatment of peritonitis. Depending on local 
microbial characteristics and patterns, first line 
empiric antibiotic regimens may include vanco-
mycin or first generation cephalosporin plus third 
generation cephalosporin or aminoglycoside [8]. 
Prior to culture results, broad coverage for gram 
positive and gram negative organisms is advised. 
Intra-peritoneal antibiotics are preferred to intra-
venous agents for local concentration of drug and 
increased efficacy of agents used. The exception 
to initiation of therapy via intraperitoneal infu-
sion is if the patient has any evidence of systemic 
involvement, when intravenous infusion would 
be appropriate. There is systemic absorption of 
these agents across the peritoneal membrane and 
levels of antibiotics should be monitored. 
Antibiotics can be given intermittently in a single 
exchange, once daily, dwelling at least for 6 h, or 
continuously in each exchange. Efficacy appears 

L.T. Ho



157

similar for either mode of delivery in the case of 
vancomycin and aminoglycosides. ISPD guide-
lines suggest daily intermittent dosing of amino-
glycoside and vancomycin, but either continuous 
or intermittent dosing of cephalosporin. The sup-
porting data for these recommendations is recog-
nized as being of low quality. Further, tailoring of 
therapy can occur once cultures return. Duration 
of therapy depends on the aggressiveness of the 
infecting organism(s). Typically antibiotic dura-
tion will be 2–3 weeks, with the longer duration 
reserved for Enterococcus, Staphylococcus and 
Pseudomonas infections.

Response to antibiotics with clinical improve-
ment in symptoms should occur in 2–3  days. 
Refractory peritonitis is defined as no response 
within 5  days and portends poor outcome. 
Removal of the peritoneal catheter is recom-
mended in refractory peritonitis, recurrent or 
relapsing peritonitis (re-infection within 4 weeks 
of completion of antibiotic treatment with differ-
ent or same organism, respectively), or in cases 
of fungal peritonitis.

In 1992, Port reported on USRDS data that 
included specific data collected as part of a 
USRDS Special Study on CAPD peritonitis [28]. 
He reported that positive culture results occur in 
approximately 60% of first time presentations of 
peritonitis. Culture negative results were present 
in about 20% of cultures. Although failure to 
isolate an offending microbe can occur, should 
culture negative results rate be greater than 
15–20%, the technique of culture collection 
should be suspect. In a larger observational 
cohort study of 4675 patients on PD from the 
Australia and New Zealand Dialysis and 
Transplant Registry, patients with culture nega-
tive peritonitis tended to respond more quickly 
to antibiotics alone and had less catheter loss and 
transition to hemodialysis [29]. Prior antibiotic 
treatment was associated with increased fre-
quency of culture negative peritonitis. In these 
patients, if there is a clinical response, treatment 
with empiric therapy should be continued for the 
recommended duration of time.

Treatment of bacterial peritonitis is compli-
cated by increased risk for fungal peritonitis, 
especially in diabetic patients [30, 31]. Fungal 

peritonitis is a severe disease, with high rates of 
morbidity and mortality. The likelihood of 
salvage of the existing peritoneal catheter in this 
scenario is very small. Therefore, prevention of 
fungal peritonitis following treatment for a 
bacterial peritonitis is important. Prophylaxis 
with oral anti-fungal therapy during treatment 
with antibiotics has been effective in preventing 
fungal peritonitis. Restrepo et  al., in a prospec-
tive, randomized trial, demonstrated that the use 
of fluconazole led to a statistically significant 
decrease in frequency of fungal peritonitis when 
used through the duration of antibiotics use [32]. 
Other anti-fungals, including Nystatin use has 
also been evaluated, with variable study 
responses. In an observational study looking at 
Nystatin use, Nystatin was associated with a 
decreased frequency of candida infection. ISPD 
guidelines suggest considering fungal prophy-
laxis in those patients on frequent or long dura-
tion anti-microbial therapy and in centers where 
the rates of fungal peritonitis are high.

An effective program to manage peritonitis 
includes regular monitoring of rates of peritoni-
tis, type and frequency of infecting organisms 
and response to intervention. Any successful pro-
gram includes early management of clinical risks 
for infection from time of catheter implantation, 
through training and maintenance on dialysis. 
Effective education of staff and patient, with peri-
odic re-training, is essential. Ultimately, the abil-
ity to preserve the peritoneal membrane for 
adequate peritoneal dialysis depends on the 
prompt diagnosis of infection, effective treatment 
and recognition of when it is necessary to remove 
the peritoneal catheter.
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Management of Hernias 
in the Context of Peritoneal 
Dialysis

Pierpaolo Di Cocco, Vassilios E. Papalois, 
Edwina A. Brown, and Frank J.M.F. Dor

The management of abdominal wall hernias is 
crucial for surgeons dedicated to peritoneal dial-
ysis (PD). Common clinical scenarios which 
require different treatment algorithms, are repre-
sented by hernias diagnosed in pre-assessment 
(before peritoneal catheter insertion), during lap-
aroscopic PD catheter insertion and post- opera-
tively after dialysis starts (in the form of 
abdominal wall or incisional hernias).

An abdominal wall hernia is an abnormal pro-
trusion of a peritoneal-lined sac through the 
musculo-aponeurotic layers of the abdomen. The 
prevalence of the disease in the general popula-
tion, reported around 1.5–2% [1, 2] is difficult to 
determine, mainly due to lack of standardization 
in the definition, inconsistency of the data sources 
used (which include self-reporting by patients, 
audits of routine physical examinations, and 
insurance company databases, among others), 
and subjectivity of physical examination. More 
than 20 million hernioplasties are performed 
every year worldwide, the vast majority for 
inguinal hernias (70–75%), followed by umbilical 

hernias (13–24%), femoral hernias (2–14%) and 
rare forms (1–2%) [3–6].

The prevalence of hernias in PD patients 
ranges from 7% to 37%, and up to 40% in the 
pediatric population [7–14]. The most common 
type is umbilical (61.5%), followed by inguinal, 
both direct and indirect (27%), and incisional 
hernias (7%); less commonly encountered her-
nias include epigastric [11], cystocele or recto-
cele [15], Spigelian [16], paraesophageal [17] 
and Morgagni [18] (5%).

Traditional predisposing factors for hernia 
development in PD patients (Table15.1) [7, 10] 
are not universally reported in the literature, sug-
gesting that intrinsic anatomical defects in 
abdominal wall structure predisposing to the 
development of such complications are present 
[7–10, 19–22].

Retrospective studies reported a prevalence of 
abdominal wall hernias in polycystic kidney dis-
ease between 45% and 61% [7, 19]. The increased 
intra-abdominal pressure or the increased inside-
out pressure on the abdominal wall due to large 
polycystic kidneys and/or primary collagen 
anomalies have been all postulated as being 
responsible for hernia formation [7, 19]. 
Interestingly, Modi et  al. [19] showed a higher 
prevalence of inguinal hernias in patients with 
polycystic kidney disease treated with continu-
ous ambulatory peritoneal dialysis (CAPD), 
compared with CAPD patients with other renal 
diseases. In contrast, Hadimeri et  al. found no 
increased incidence of hernias among patients 
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with polycystic kidney disease [20]. In retrospec-
tive studies, patients treated with automated peri-
toneal dialysis (APD) seem to have a lower 
prevalence of hernias compared those treated 
with CAPD [7, 21]. It was originally observed 
that patients who are at risk for hernias include 
those with higher body mass index, due to higher 
intra-abdominal pressure for a given dwell vol-
ume [22]; other studies have found the opposite 
result when the height and weight are adjusted 
for sex [8, 9]. The pathophysiological role of 
intra-abdominal pressure on the development of 
hernias has been often advocated but not been 
thoroughly studied in PD patients. In fact, in all 
the studies, the intra-abdominal pressure has 
been measured at rest and in a supine position 
and not during the patient’s daily physical activi-
ties [13, 22, 23]. Since the intra-abdominal pres-
sure varies greatly from patient to patient 
according to their daily physical activities, the 
current methodology of intra-abdominal pressure 
determination might be inadequate to detect 
patients at risk [22]. However, until the existence 
of a putative relation between intra-abdominal 
pressure and the development of hernias in PD 
patients has been thoroughly studied, it is prudent 
to continue teaching our PD patients to refrain 
from physical activities, which could cause 
straining, such as pushing, pulling and jumping. 
In addition, they should avoid straining with 
bowel movements by eating a high fiber diet or 
taking stool softeners to avoid constipation, with-
out draining the peritoneal cavity first. This is 
particularly important postoperatively following 
PD catheter insertion in order to minimize the 
occurrence of incisional hernias.

Incisional hernia, a known complication of 
previous surgery, has different definitions; the 
most widely accepted is any abdominal wall 
defect, with or without a bulge, identified on clin-
ical examination or imaging by 1 year after the 
index operation [24, 25]. The incidence of this 
complication in the literature ranges between 0% 
and 44%, reflecting the heterogeneity of defini-
tions, patients, operations and follow up [26]. 
The discussion on the best surgical technique, 
type of sutures to use for which abdominal opera-
tion in order to minimize this complication is 
beyond the scope of this chapter [27, 28]. 
Incisional hernia can develop after any type of 
abdominal wall incision. The incidence depends 
upon the location and size of the incision [29–
37]. Based on a recent meta-analysis on the gen-
eral surgical population, midline incisions have a 
significantly increased risk of incisional hernia 
compared to transverse (relative risk [RR] 1.77, 
95% CI, 1.09–2.87) and paramedian incisions 
(RR 3.41, 95% CI 1.02–11.45, respectively) [36]. 
The highest reported incidence is with midline 
abdominal incisions (3–20%) [31, 32]. Muscle-
splitting incisions (para-median) have a cumula-
tive incidence of incisional hernia ranging from 
1% to 6% [38, 39]. Laparoscopic port sites can 
also develop incisional hernia, with a reported 
incidence between 0% and 5% [40–42]. The 
highest risk being 10  mm or larger ports and 
below the umbilicus. These findings in the gen-
eral surgical population, showing the importance 
of the operative technique as a determinant of 
incisional hernia occurrence, can be applied to 
the PD population. We believe that in the PD 
population, where, unfortunately, comparative 
studies are missing and the incidence of all types 
of hernia is very high, the laparoscopic insertion 
technique has to be considered the gold standard 
since it decreases the risk of incisional hernia. 
The effect of hernias and their management on 
PD technique survival remains poorly character-
ized in the literature. Furthermore, the effect of 
hernia occurrence and treatment on residual renal 
function (RRF), which is known to confer signifi-
cant prognostic benefit in PD, remains 
unknown [43].

Table 15.1  Risk factors for the development of hernia in 
the adult PD population

Modifiable Non modifiable

BMI Age

Sedentary lifestyle Gender

Smoking Ethnicity

Modality of PD – CAPD Polycystic kidney 
disease

Comorbidities (i.e. diabetes, 
steroid use, BPCO)
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�Diagnosis

The diagnosis of hernia during the assessment for 
PD catheter insertion is clinical, based on the his-
tory and thorough physical examination [44–46]. 
The most common presentation is of a lump or a 
bulge (usually upon Valsalva manoeuvre); less 
frequently and particularly in overweight patients, 
the hernia may not be clinically evident with only 
a vague discomfort in the area. In these situations, 
the clinical use of ultrasonography is promising 
with a sensitivity and specificity of 90% and 85%, 
respectively [47–49]; higher resolution axial com-
puted tomography (can be without contrast to pre-
serve urinary output) and magnetic resonance 
imaging might be useful with sensitivity and 
specificity greater than 95% [50].

The diagnosis of hernia in patients on PD is 
also made on clinical ground; although rarely 
needed, ancillary tests used are ultrasound, CT 
scan or radionuclide imaging. The diagnostic 
accuracy of the CT scan is improved by the use of 
intraperitoneal dye, infused with the peritoneal 
fluid [51–54]. An alternative diagnostic test, 
described in clinical practice but rarely needed in 
the modern diagnostic armamentarium, is the 
radionuclide imaging using technetium-labelled 
or sulphur colloid with subsequent scanning by 
gamma camera to track the movement of dialy-
sate [55, 56].

�Treatment

The original technique of inguinal hernia repair, 
first described by Bassini more than 100  years 
ago, has as a major drawback the risk of recur-
rence [57]. Despite several modifications, intro-
duced over the years by by Shouldice, McVay 
and others, the recurrence rate for primary hernia 
repair, according to annual statistics from various 
countries, is still 10–15% [58]. In the recent 
years, the availability of prosthetic meshes has 
led to an increase in the number of ‘tension-free’ 
methods of reinforcing the inguinal region to pre-
vent recurrences [59–62]. The use of mesh is 
associated with a 30–50% reduction in the risk of 

hernia recurrence in comparison with non-mesh 
methods of hernia repair [60, 61]. Open mesh 
methods of repair are classified as open flat mesh 
(i.e. the Lichtenstein method), open preperitoneal 
mesh (i.e. the Stoppa and Nyhus methods) and 
open plug and mesh repair (i.e. the Rutkow 
method). There are two main approaches for the 
laparoscopic repair of inguinal hernias. 
Transabdominal preperitoneal (TAPP) repair 
involves access to the hernia through the perito-
neal cavity. Mesh is inserted through the perito-
neum and placed over all potential hernia sites in 
the inguinal region. The peritoneum is then 
closed above the mesh. Totally extraperitoneal 
(TEP) repair is the newer laparoscopic technique, 
in which the hernia site is accessed via the pre-
peritoneal plane without entering the peritoneal 
cavity. TEP repair is considered to be technically 
more difficult than the TAPP technique, but it 
may reduce the risk of damage to intra-abdominal 
organs.

The gold standard is thought to be the 
Lichtenstein method, although this is still a mat-
ter of debate. According to recent guidelines, 
laparoscopic surgery would be the preferred tech-
nique for the repair of recurrent hernias (as scar 
tissue from previous open repairs may be 
avoided) and bilateral hernias (repaired during 
the same operation) and should also be an option 
for primary repair of unilateral hernias because 
of the reduced incidence of long-term pain and 
numbness and the potential for earlier return to 
normal activities. [63–69]

The overall recurrence rates for primary her-
nia repair in the PD population range from 0% to 
25%, depending upon the hernia site (direct, indi-
rect, femoral), type of repair (mesh, no mesh, 
open, laparoscopic) and clinical circumstances 
(elective, emergent) [9, 12, 14, 70–75], which is 
higher than the general population (0.5–15%) 
[58, 61, 76]. Considering that 5–10% of PD 
patients undergoing surgery for recurrent hernia 
has to convert permanently to hemodialysis [11, 
14, 73], the use of mesh in this setting is strongly 
advocated.

There is general agreement that all hernias 
should be repaired in patients considered for PD 
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and already established on PD due to risks of 
bowel complications (i.e. bowel incarceration 
and/or strangulation) and PD failure or dialysate 
leak [11, 77–81].

There are a few possible scenarios for repair, 
depending on the residual kidney function, 
comorbidities and surgical technique:

–– Hernia repair in patients considered for PD – 
before PD catheter insertion

–– Hernia repair during PD catheter insertion
–– Hernia repair in patients on PD  – after PD 

catheter insertion

�Hernia Repair in Patients Considered 
for PD – Before PD Catheter Insertion

The repair before PD catheter insertion follows 
the approach described above and does not differ 
from the treatment of the general population 
(Table 15.2).

�Hernia Repair During PD Catheter 
Insertion

Special consideration is given to this approach of 
concomitant hernia repair and PD catheter place-
ment. This has been described in case series with 
both open and laparoscopic techniques and the 
authors define this surgical procedure reliable and 
safe [78–80, 82–84]. The use of laparoscopic pre-
peritoneal mesh placement in this setting has not 
been extensively studied but has some risk of 
damanging the peritoneal membrane. Further 
comparative trials are necessary to clarifty the 
best approach to concomititant laparocscopic 

insertion of PD catheter and inguinal hernia 
repair. Given the widespread use of laparoscopy 
for PD catheter insertion, which allows inspection 
and identification of occult inguinal hernias or a 
patent processus vaginalis (potential site of future 
herniation) recent guidelines suggest fixing these 
defects when found (81) during the insertion. It is 
therefore important to counsel and consent 
patients for possible hernia repair prior to the lap-
aroscopic insertion procedure (Table 15.3).

�Hernia Repair in Patients on PD

The management of dialysis requirements 
depends on the residual function; the vast major-
ity of patients can carry out the usual dialysis 
until the morning of the surgery [11, 71, 85–87]. 
Comparative trials of open and laparoscopic 
inguinal hernia repair in PD patients do not exist. 
Several reports have used open polypropylene 
mesh repair of inguinal hernias and shown very 
low recurrence and leak rates, despite resuming 
PD within a few days [74, 75, 84–88] and some 
authors advocate the use of mesh for a faster 
return to PD, thus avoiding the need for a change 
in dialysis modality and offering advantages both 
to patients and to hard-pressed haemodialysis 
programs [74, 75, 84, 88]. In a single centre expe-
rience, tension-free hernia repair with polypro-
pylene mesh reinforcement allowed the patient to 
commence or continue PD as early as 24 h after 
surgery [74]. For incisional hernias, open anterior 
repair with inversion of the hernia sac without 
disrupting it, and placing a mesh has been shown 
to have low recurrence and leak rates in adults 
[11, 74]. If the peritoneum is bridged, it is recom-
mended to close it in a watertight manner [79].

There are no guidelines as to whether PD treat-
ment can be safely continued after hernioplasty or 
should be withheld postoperatively to allow 

Table 15.2  Hernia repair before PD catheter insertion

Pros Cons

More time for the 
peritoneum to heal

Two operations

More time for the 
mesh to grow in

Twice anaesthesia

May delay the start of PD

For umbilical hernia – potential 
interference of the mesh for 
optimal PD catheter insertion

Table 15.3  Hernia repair during PD catheter insertion

Pros Cons

One 
operation

Potential complications (i.e. dialysate 
leak, recurrence) if PD treatment 
started early

No guidelines on when to start PD

P. Di Cocco et al.
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proper healing, to avoid postoperative dialysate 
leakage from hernia repair site or early hernia 
recurrence. Several authors proposed different 
strategies [72, 75, 84]. A common strategy is to 
restart PD almost immediately after surgery 
(between 12 and 72  h) with low-volume high-
frequency exchanges, avoiding temporary haemo-
dialysis [73, 84, 88]. Shah et  al. recommended 
continuation on standard PD therapy until the 
morning of the surgery, followed by no dialysis 
for the first 48 h and intermittent PD 3 times per 
week (1 L exchange for 10 h) for 2 weeks, low-
volume CAPD for another 2 weeks, and resump-
tion of the preoperative PD prescription after 
4–5  weeks, with excellent results [71]. Another 
PD management protocol had been suggested by 
Crabtree et  al. in which low-volume automated 
PD exchanges were used, with an initial fill vol-
ume of 1  L, which was gradually increased to 
1.5 L the second week, and with resumption of 
usual dialysis regimen thereafter [79]. The above-
mentioned strategies expose the patient to “under-
dialysis” which has to be balanced against the risk 
of insertion of a temporary hemodialysis line and 
the hemodialysis procedure itself. Dialysis is usu-
ally restarted under conditions of low abdominal 
pressure and small volumes after elective hernia 
repair; treatment is commonly withheld for sev-
eral days or even weeks in case of incarcerated or 
strangulated hernias, which can lead to significant 
morbidity in this setting [89].

�Conclusions

Abdominal wall hernias are common mechan-
ical complications of peritoneal dialysis and 
their management has not been standardized. 
Contrary to the general population where 
some authors propose a strategy of watchful 
waiting for asymptomatic hernias [90]; in the 
PD setting, guidelines suggest to fix these 
defects to avoid complications of dialysate 
leak and bowel strangulation [81]. Due to the 
elevated recurrence rate, a mesh repair is pre-
ferred. This strategy appears to be safe, not 
increasing the incidence of peritonitis, and 
effective, reducing the recurrence rate and can 
be performed without temporarily converting 
to hemodialysis.

In our practice, we perform primary hernia 
repair and PD insertion during the same oper-
ation in candidates for PD.  Our preferred 
approach in this scenario is the laparoscopic 
technique with sublay mesh and careful clo-
sure of the peritoneum. Following the opera-
tion peritoneal dialysis can be started as early 
as 12–24  hours with rapid exchange tech-
nique (low volumes, rapid frequency). For 
hernia repair in patients on PD our preferred 
approach is with open technique with mesh, 
reserving the laparoscopy for bilateral or 
recurrent hernias. Our approach to the treat-
ment of incisional hernias, either with open or 
laparoscopic technique, depending on size, 
site and reducibility, is by applying a sublay 
mesh. In most cases the rapid exchange tech-
nique allows to restart PD early, avoiding 
temporary hemodialysis.

It is of paramount importance to adequately 
manage abdominal wall hernias in patients on 
PD since patients not successfully treated may 
no longer be candidates for PD.  Trials are 
lacking to determine the best strategy towards 
hernia repair in PD patients, regarding timing, 
technique, and material. These trials should be 
set up nationally in multiple centers, given the 
relatively small numbers of PD insertions all 
centres are doing.
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