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 n Learning Objectives
 1. Peritoneal dialysis is limited by technique failure 

(TF).
 2. The most important causes of TF include infection 

(peritonitis, exit site and tunnel infection), prob-
lems with the catheter, and limitations in solute and 
fluid removal.

 3. Each centre should audit peritoneal infection rates 
as well as the success and complications of cath-
eter insertion on a regular basis and undertake 

root cause analysis to better understand causes and 
remediable actions.

 4. Regular multidisciplinary meetings should con-
sider patient progress including the adequacy of 
solute clearance and volume management. These 
meetings should also consider patient requirements 
for support and how that changes over time.

 5. Guidelines to support patient management are 
available at 7 ISPD. org.

 Case Study

 Peritoneal Access
A 54-year-old male with progressive kidney disease is 
admitted to hospital feeling unwell. It is clear that he will 
need to start dialysis within the next few weeks. He works 
full time and is keen to remain as independent as possible. 
What considerations will you have as you plan his dialysis? 
How will you involve him in those discussions? What 
approach will you use for access placement and what will 
determine when dialysis can start?

 Infection
A 74-year-old lady who has been on PD for 20  months 
presents with a 3-hour history of cloudy dialysate and 

abdominal pain. What initial assessment will you make 
and samples will you arrange? What will be your initial 
therapy and how will you assess response? At your unit, 
how frequent is PD peritonitis and what are the key steps 
that can be taken to reduce the rate?

 Ultrafiltration
A 20-year-old student has recently transferred from HD to 
PD in order to have more time to attend college. At the 
first clinic attendance you note evidence of volume over-
load and poor blood pressure control. How will you go 
about assessing the patient and their therapy to inform 
decisions that can be made to resolve the problem?

84.1  Introduction

For many patients, peritoneal dialysis (PD) is an 
excellent therapy in which they can take control of 
their own care and remain independent from hospital. 
Outcomes are at least equal, if  not better, for patients 
on peritoneal dialysis compared with hemodialysis 
(HD) [1] – however, most of  the data is from registries. 
Only one randomized controlled trial has been pub-
lished that compared dialysis modalities - however it 
was unable to recruit a sufficient number of  patients 
[2]. A whole range of  factors influence the compari-
son including comorbidity, age, residual renal func-
tion, late presentation, and the access used for HD. In 
general, effective management requires a multidisci-
plinary team-based approach that adheres to guid-
ance produced by the International Society of 
Peritoneal Dialysis (7 Box 84.1) underpinned by reg-
ular audit. Optimal care requires regular review of 
patient progress that includes problem-solving and 
prescription management, ultimately planning trans-
fer to HD in those for whom PD is becoming no lon-
ger viable [3].

The likelihood of a particular PD-related complica-
tion is influenced to some extent by the time that the 

patient has been on PD, and a schema is presented in 
. Fig. 84.1. Patients may discontinue PD for a range of 
reasons including access-related and mechanical com-
plications, infection, problems with ultrafiltration and 
solute clearance as well as psychosocial problems [4]. 
This is described broadly as technique failure (TF) and 
is the primary outcome measure of the international 
Peritoneal Dialysis Outcomes and Practice Patterns 
Study [5]. Commonly emphasis is placed on the risk that 
patients on PD face without due recognition of the com-
plications that are associated with HD. Although peri-
tonitis is the most common complication of PD, 
bacteremia is rare and hospitalization for infection is 
similar between the modalities [6]. Low infection rates 
are possible based on regular education of patients and 
staff. When it comes to the important issue of access 
there is an appreciation of the difficulties that can occur 
when PD catheters don’t work properly, but the burden 
is similar to that experienced by HD patients requiring 
revision of their vascular access [7]. Encapsulating peri-
toneal sclerosis (EPS) is a dreaded potential complica-
tion of PD, but is exceptionally rare in the early years of 
PD, and is declining in incidence [8]. It is by no means as 
frequent a risk factor as the major causes of adverse 
outcome that affect our patients [9].
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Box 84.1 Guidelines Published by the  Interna-
tional Society of  Peritoneal Dialysis (available at 
7 www. ISPD. org)

 5 Peritoneal Dialysis for Acute Kidney Injury2020 
update

 5 ISPD Cardiovascular and Metabolic Guidelines 
in Adult Peritoneal Dialysis Patients 2015

 – Part I – Assessment and Management of  Var-
ious Cardiovascular Risk Factors

 – Part II – Management of  Various Cardiovas-
cular Complications

 5 Length of  Time on Peritoneal Dialysis and Encap-
sulating Peritoneal Sclerosis: Position Paper for 
ISPD: Update 2017

 5 ISPD Catheter-Related Infection Recommenda-
tions: 2017 Update

 5 ISPD Peritonitis Recommendations: 2016 Update 
on Prevention and Treatment 2016

 5 Creating and Maintaining Optimal Peritoneal 
Dialysis Access in the Adult Patient: 2019 Update.

 5 A Syllabus for Teaching Peritoneal Dialysis to 
Patients and Caregivers 2016

 5 ISPD recommendations for the evaluation of 
peritoneal membrane dysfunction in adults: Clas-
sification, measurement, interpretation and ratio-
nale for intervention 2021

 5 ISPD practice recommendations: Prescribing 
high-quality goal-directed peritoneal dialysis 
2020

84.2  Peritoneal Dialysis-Associated 
Infection

84.2.1  Prevention of PD-Associated 
Infection

In the early days of PD, infection was a common and dif-
ficult problem with peritonitis occurring every few months. 
Considerable attention has been given to this complication 
resulting in a marked improvement. Over the last 3 decades 
technical developments have included the change from 
glass bottles to plastic bags, improved systems (with the dis-
connect system and flush-before- fill), and more recently, 
the use of prophylactic antibacterial creams at the exit site. 
Emphasis has been placed on the importance of training 
for staff, patients, and carers and the role of audit to under-
stand infection rates and causative organisms (. Fig. 84.2). 
There is evidence that the degree of nursing experience and 
patient training methods influence the risk of PD infections 
which should be based on the principles of adult education. 
Refresher courses are recommended for patients 3 months 
after initial training and routinely thereafter at a minimum 
of once a year as well as following hospitalization, episodes 
of peritonitis and catheter infection or if there is a change 
in dexterity, vision, or mental acuity. International society 
for peritoneal dialysis (ISPD) has published an open access 
curriculum for patient training [10].

7 Box 84.2 summarizes multidisciplinary team-based 
initiatives that have an impact on preventing peritoneal 
dialysis-associated infection. Peritonitis rates are reported 
as episodes per patient-year of therapy with the best cen-
ters having rates that are less than 0.3 (equivalent to 1 

Catheter insertion

Early problems:
Catheter dysfunction
Hernias + leaks Membrane alterations, encapsulating

peritoneal sclerosis 

Infections – exit site; peritonitis.

Loss of residual renal function:
Solute clearance; ultra�ltration problems

2 yrs 4 yrs

Metabolic

       . Fig. 84.1 A graphic demonstration of  the time line of  PD-related complications
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infection per 36 months of treatment). For example, data 
from the French registry showed that half of the patients 
did not experience this complication in 31 months [11]. 
There are many publications on PD- associated infection, 
but few randomized controlled trials. The best resources 
are the guidelines from the ISPD [12] which are free to 
download from 7 www. ispd. org (7 Box 84.1).

An important part of infection prevention relates to the 
procedures for catheter placement and techniques focused 
on the prevention of exit site infection. Catheter placement 
should be governed by clear protocols [13] with the exit site 
location being selected preoperatively in discussion with 
the patient so that it is placed in a suitable position that is 
not at risk of abrasion from the belt and is easy for the 
patient to attend to. Recommendations regarding post-
operative management of the PD catheter in order to min-
imize the risk of exit site infection are summarized in 
7 Box 84.3. There is good evidence for the preventative use 
of antibiotic creams at the exit site with meta-analysis 
showing benefit for mupirocin use on both exit site infec-
tion and peritonitis due to Staphylococcus aureus [14].

Box 84.2 Methods for Reducing the Risk of PD Peritonitis
 5 Catheter-related interventions

 – Double-cuffed catheter
 – Careful catheter insertion protocols as out-

lined in the ISPD guidance

 5 Systems
 – Flush-before-fill technology
 – Avoiding spike systems

 5 Antibiotic prophylaxis
 – Before catheter insertion
 – As part of  exit site care
 – Before interventional procedures – e.g., colo-

noscopy
 5 Training

 – Careful training and directed retraining for 
patients and staff

 – Clear points of  contact for patients, careers, 
and staff

 – Clear protocols for the management of  PD- 
related infection and contamination events 
that are accessible and easily understood

 5 Review
 – Regular audit or continuous quality improve-

ment (at least annually) to be presented at unit 
meetings

 – Regular multidisciplinary team meetings to 
review patient care, developing problems, and 
practice development requirements

 – Regular update of  unit protocols in the light 
of  new developments or data presented from 
the audit meetings

Management of PD peritonitis.

Every program should regularly monitor infection
rates, at a minimum, on a yearly basis (Opinion)1

Treatment
protocol

Prevention
Education & training

Presentation Empirical Px Refine Px

Catheter out
+/- laparotomy

Recovery

MDT communication

1 Li PK, Szeto CC, Piraino B, de Arteaga J, Fan S, Figueiredo AE, et al.
ISPD Peritonitis Recommendations: 2016 Update in Prevention and
Treatment. Perit Dial Int. 2016;36(5):481-508

Audit

       . Fig. 84.2 A schema describing optimal prevention and management of  PD peritonitis
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Box 84.3 Strategies to Prevent Exit Site Infection
 5 Dressings should be done by a trained dialysis 

nurse using sterile technique until the exit site is 
healed

 5 If  possible, do not remove dressing for 5  days 
post-insertion

 5 The exit site should be kept dry until well healed – 
avoid baths and showers for this period

 5 Once the exit site is well healed, the patient should 
be taught how to perform exit site care

 5 The catheter should be kept immobile to avoid 
pulling and trauma to the exit site

 5 If  possible, avoid using the catheter until healed – 
if  earlier use is required low dialysate volumes are 
necessary, with the patient supine to reduce the 
risk of  leaks.

Adapted from reference [13]

84.2.2  PD Peritonitis

PD peritonitis is the leading cause of TF and confers an 
increased mortality risk; if  severe and prolonged, it can 
be associated with peritoneal membrane damage. It is 
diagnosed by the presence of abdominal pain and cloudy 
dialysate effluent that has a leucocyte count greater than 
100/mm3. In APD with rapid cycling there may be a 
lower cell count; therefore, a differential count of >50% 
neutrophils is considered diagnostic. It is possible to 
overlook the diagnosis of peritonitis in automated peri-
toneal dialysis (APD) patients if  the effluent line runs 
straight to a drain without collecting in a bag and leuco-
cyte esterase sticks are sometimes used by patients to 
test the effluent dialysate. Patients presenting with peri-
tonitis range from the mildly unwell, who can be man-
aged easily as an outpatient, to those with marked 
features of systemic sepsis requiring admission to hospi-
tal. The principal sources of contamination include a 
break in the sterile technique and infection at the exit 
site – others are organisms within the catheter biofilm, 
transmural migration of organisms across the bowel 
wall and rarely hematogenous spread or vaginal leak.

Root cause analysis should be performed after every 
episode of peritonitis to understand modifiable risk fac-
tors as much as possible and plan an intervention strat-
egy. There are a number of potentially modifiable risk 
factors associated with PD peritonitis including depres-
sion, hypoalbuminemia, hypokalemia, constipation, exit 
site colonization, infection, connection methodology, 
technique errors, prolonged antibiotics, and medical 
procedures.

It is important that peritonitis is diagnosed promptly 
so that appropriate treatment can be started immedi-
ately and therefore the patient and their carers require 
clear contact details of  the unit. The health care team 
should be experienced in the diagnosis and manage-
ment of  peritonitis, supported by evidence-based pro-
tocols. Presentation to the incorrect hospital department 
can potentially lead to misdiagnosis and inappropriate 
management. A suitable technique for dialysate sam-
pling is required in order to maximize the opportunity 
for identifying the causative organism. The recom-
mended approach to dialysate sampling is either the 
inoculation of  blood culture bottles or centrifugation 
of  50 mL of peritoneal effluent at 3000 g for 15 min-
utes, followed by resuspension of  the sediment in 
3–5 mL of sterile saline and inoculation of  this material 
both on solid culture media and into a standard blood 
culture medium [12].

The differential diagnosis of cloudy dialysate fluid 
includes noninfectious causes such as chemical and 
allergic peritonitis, hemoperitoneum, malignancy, and 
chylous effluent. A dialysate sample should ideally be 
taken after a 2-hour dwell and samples taken from a 
“dry” abdomen can give a spuriously elevated WCC.

Inability to identify the causative organism has 
implications for primary cure with most studies show-
ing poorer outcomes where the organism has not been 
identified. Causes of  sterile peritonitis include poor 
dialysate sampling and culture techniques, as well as 
recent courses of  antibiotics  – for example, the treat-
ment of  an exit site infection (7 Box 84.4). It is impor-
tant to have a low threshold for the possibility of 
surgical peritonitis in a PD patient since this can pose 
diagnostic and therapeutic challenges and may occur in 
10% of the cases, resulting from inflammation, perfora-
tion, or ischemia of  intra-abdominal organs. There are 
several possible pitfalls in the diagnosis of  that compli-
cation including the innocent finding of air under the 
diaphragm of patients on PD, the possibility that serum 
amylase may be spuriously low in patients on icodex-
trin, and poor diagnostic sensitivity of  CT scanning. 
Delays in institution of appropriate treatment, particu-
larly surgical intervention, lead to increased morbidity 
and mortality [15].

The nature of organisms causing PD peritonitis has 
changed over the last 3 decades. Whereas gram-positive 
organisms were the commonest, their relative frequency 
has been reduced by improvements in technology and 
technique as demonstrated by a 25-year single-center 
experience from Brazil [16]. As a result, patients present-
ing with PD peritonitis are more likely than previously 
to have gram-negative infections, which needs to be con-
sidered when designing treatment protocols. It is impor-

 S. Jenkins et al.
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tant that individual centers examine their own patterns 
of infection, causative organisms, and sensitivities and 
adapt protocols as necessary for local conditions.

Box 84.4 Causes of Culture Negative Peritonitis
 5 In appropriate sampling or culture technique
 5 Presence of  antibiotics – e.g., treatment for an exit 

site infection
 5 Fastidious organisms, e.g., fungi or Mycobacte-

rium tuberculosis
 5 Chemical or allergic peritonitis, e.g., due to anti-

biotic allergy
 5 Intra-abdominal disease  – e.g., carcinoma or 

 lymphoma

84.2.3  Treatment of PD Peritonitis

The ideal antibiotic should give broad coverage of 
organisms, avoid disturbing normal bacterial flora, have 
a low side-effect profile, should not provoke the emer-
gence of resistant organisms, and be convenient to 
administer and cheap. This will be influenced by the 
pharmacokinetic and pharmacodynamic profile as well 
as the potential side effects of particular antibiotics [17]. 
A number of factors impact on the choice of antibiotics 
that are used to treat peritonitis including the emergence 
of vancomycin-resistant enterococci, reports of vanco-
mycin-intermediately sensitive S. aureus, methicillin 
resistance and gram-negative enteric bacteria such as E. 
coli and Klebsiella pneumoniae that produce Extended 
Spectrum β-Lactamases (ESBL) and carbapenemases 
[12, 18] as well as concern regarding the impact of ami-
noglycosides on residual renal function.

Initial empirical treatment for PD peritonitis should 
cover both gram-positive and gram-negative organisms 
and be governed by an understanding of local organisms 
and their sensitivities. The ISPD infection guidelines rec-
ommend possible antibiotic schedules including either 
the combination of a third-generation cephalosporin 
(ceftazidime) or an aminoglycoside for gram- negative 
cover with a first-generation cephalosporin (cephazolin) 
or vancomycin for gram-positive cover [12]. A Cochrane 
systematic review favored a vancomycin- based regimen; 
however, the evidence was graded as low quality [19]. It is 
important to liaise with the local microbiological team 
regarding the most appropriate protocol. Treatment 
should be adjusted once the organism has been identified 
and for detailed discussion the reader should access the 
guideline. Emphasis should be on preservation of the 
peritoneal membrane and the overall health of the patient 
rather than persisting with PD where the infection is not 
responding to treatment. It is recommended that the PD 

catheter should be removed if the patient does not 
respond within 5 days of treatment (7 Box 84.5), how-
ever there should be a low threshold to remove it earlier if  
the patient is significantly unwell. It is often appropriate 
to consider returning to PD with a new catheter once the 
infection has cleared. Vancomycin and aminoglycoside 
doses require adjustment based on antibiotic levels due to 
complex pharmacodynamics which are influenced by a 
range of factors including patient size, dialysate flow 
rates, peritoneal membrane characteristics, the molecular 
weight of the antibiotic, degree of residual renal func-
tion, whether the patient is on continuous ambulatory 
peritoneal dialysis (CAPD) or APD, and whether it is 
administered continuously or intermittently [20].

Box 84.5 Indications for  PD Catheter Removal 
for Peritoneal Dialysis-Associated Infections

 5 Refractory peritonitis (failure to clear up after 
5 days of  appropriate antibiotics).

 5 Relapsing, recurrent, or repeat peritonitis
 – In appropriate circumstances consider simul-

taneous removal and reinsertion.
 5 Refractory exit site and tunnel infection with evi-

dence of  dacron cuff  infection on ultrasound scan
 5 Fungal peritonitis
 5 Catheter removal may also be considered for

 – Peritonitis associated with an exit site or tun-
nel infection due to S. aureus or Pseudomonas 
species

 – Mycobacterial peritonitis
 – Multiple enteric organisms

Adapted from Ref. [12]

84.3  Exit Site Infection (ESI)

The importance of ESI is that it is a risk factor for PD 
peritonitis. Once the exit site has become colonized with 
infecting organisms, eradication may be problematic 
and require prolonged courses of antibiotics. Strategies 
to reduce the risk of this complication are essential and 
are summarized in the appropriate guideline from the 
ISPD [21]. These start before the catheter is placed with 
a careful discussion with the patient regarding the loca-
tion of the exit site, catheter placement protocols to 
minimize the risk of infection, and a rigorous approach 
to postoperative exit site care. Exit site prophylaxis with 
antibacterial creams have been demonstrated to have an 
impact on both exit site and peritonitis rates, in particu-
lar with gram-positive organisms [14]. A positive nose 
swab for Staphylococcus aureus is associated with an 
increased likelihood of developing an exit site infection.

Complications of Peritoneal Dialysis
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Although purulent drainage from the exit site indi-
cates the presence of infection, erythema is not specific. 
The identification of an organism in the absence of 
inflammation indicates colonization, and does not 
require treatment. An exit site scoring system recom-
mended by the ISPD is based on the presence of swell-
ing, redness, pain, and discharge [22] (. Fig. 84.3).

Treatment of an infected exit site requires appropri-
ate antibiotics based on swab results and a prolonged 
course of antibiotics may be necessary. Infecting organ-
isms are most commonly Staphylococcus aureus, 
Staphylococcus epidermidis, Pseudomonas aeruginosa, 
and Escherichia coli. For chronic exit site infections, a 
combination of synergistic antibiotics is preferred to 
avoid the development of resistance. Response may be 
slow, appearances may change only gradually and 
deroofing of the tunnel with exteriorization or shaving 
of the cuff  may be required. A variety of topical agents 
are used to clean the exit site according to custom and 
practice and these include sodium hypochlorite, povi-
done iodine, chlorhexidine, non-antibacterial, and anti-
bacterial soap; however, care should be taken not to use 
agents that are potentially damaging to the skin. 
International variation in the use of such agents is 
reported from the international peritoneal dialysis out-
comes and practice patterns study (PDOPPS) [23]. A 
tunnel infection may present as exit site discharge, ery-
thema, edema, or tenderness over the subcutaneous 
pathway but is often clinically occult. Staphylococcus 
aureus and Pseudomonas aeruginosa exit site infections 
are very often associated with concomitant tunnel infec-
tions and are the organisms that most often result in 
catheter infection-related peritonitis; aggressive man-
agement is always indicated for these organisms. 
Ultrasound examination of the dacron cuffs and tunnel 
can assist in diagnosis and aid in making decision on 
removal of catheter. Catheter removal is required in 
non-responsive tunnel infections. Presence of fluid 
around the dacron cuffs is associated with a tunnel infec-

tion and consideration should be given to removal of 
the catheter.

Exit site infection, unresponsive to antibiotics, can 
be treated with exteriorization of the catheter, shaving 
of the superficial cuff, splicing of the catheter, or reloca-
tion of the exit to a distant site using extended catheter 
(presternal or upper abdominal).

84.4  Audit Standards for PD-Related 
Infection

These are presented as continuous quality improvement 
in the 2016 ISPD infection guideline and are summa-
rized in 7 Box 84.6 [12].

Box 84.6 Selected Continuous Quality Improve-
ment Measures to Prevent Peritonitis [12]

 5 Each PD center should have a continuous quality 
improvement (CQI) program in place to reduce 
peritonitis rates.

 5 Multidisciplinary teams running CQI programs in 
PD centers should meet and review their units’ 
performance metrics regularly.

 5 Every program should monitor, at least on a 
yearly basis, the incidence of  peritonitis.

 5 The parameters monitored should include the 
overall peritonitis rate, peritonitis rates of  specific 
organisms, the percentage of  patients per year 
who are peritonitis-free, and the antimicrobial 
susceptibilities of  the infecting organisms.

 5 Peritonitis rate should be standardly reported as 
number of  episodes per patient-year.

 5 Organism-specific peritonitis rates should be 
reported as absolute rates, i.e., as number of  epi-
sodes per year.

       . Fig. 84.3 Exit site scoring using the ISPD recommended system [22]

 S. Jenkins et al.
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84.5  Peritoneal Access-Related Problems

An adequately functioning PD catheter (PDC) is essen-
tial for successful PD and when the catheter does not 
work sufficiently this can prevent patients from receiving 
their chosen therapy and increase costs for health care 
systems. The UK Renal Registry reported considerable 
variation in 1 year catheter failure for 2015 with rates 
varying between 0 and 40% with the median being 13% 
[7]. Although it might appear that PDC are frequently 
causing problems and requiring replacement or reposi-
tioning it is relevant to note that vascular access causes 
at least as much of a problem for patients on HD [24]. 
PDC problems contribute significantly to early perito-
neal TF [25] and therefore regular audit of primary 
catheter function and associated mechanical complica-
tions is essential to ensure that high standards are main-
tained. Systematic review has not demonstrated 
differences in outcome for PD catheters placed using the 
percutaneous, surgical method or laparoscopic methods 
[26–28] but does report advantage for the advanced lap-
aroscopic technique that includes rectus sheath tunnel-
ling and adjunctive procedures compared with basic 
laparoscopy with the caveat that only cohort studies 
were available for the analysis [29]. The medical Seldinger 
technique performed under local anesthetic has the 
advantage of being able to be performed by a nephrolo-
gist or specialist nurse, giving the control of catheter 
placement to the medical team, but it is not suitable for 
patients who have had previous lower abdominal sur-
gery or in the obese. On the other hand, advanced lapa-
roscopic techniques ensure that the catheter is placed in 
the pelvis and that necessary adjunctive interventions 
are performed. Whichever method is used, it is impor-
tant that there is a team-based approach, that the service 
is responsive and that there is good availability of surgi-
cal support when required.

84.6  Common Catheter-Related 
Complications

The main complication of PDC is dysfunction. Since a 
PD catheter requires a flow of up to 300  ml/min it is 
necessary that the side holes are not obstructed and that 
the tip is well placed in the sump of the pelvis where the 
residual dialysate will be retained. If  it is not appropri-
ately placed this will result in a large residual volume 
reducing effective clearance and ultrafiltration, while 
increasing intra-abdominal pressure and associated 
complications. APD is more demanding on catheter 
function than CAPD and poor flows result in drainage 
alarms on the machine. This can be managed to some 

extent by the use of a tidal prescription (where a small 
amount of fluid is left in situ at the end of a dwell), how-
ever, if  there are problems with clearance or ultrafiltra-
tion the catheter may need to be repositioned or replaced. 
Good early catheter function is essential if  PD is to be 
used as treatment for patients presenting late with 
advanced uremia requiring dialysis.

Catheter dysfunction has several common causes 
including migration, which can be diagnosed by a plain 
abdominal film (. Fig.  84.4), as well as fecal loading 
which is commonly cited and often treated with benefi-
cial results. Adequate bowel preparation is an essential 
part of the catheter insertion protocol. An uncommon 
cause of catheter dysfunction is the omental wrap which 
can be diagnosed and treated by laparoscopy. Catheter 
obstruction may result from fibrin or blood clots which 
can be resolved by the use of a urokinase lock into the 
catheter. Of course, catheter dysfunction is not easy to 
define, being described in practice more by the impact 
on the patient or nursing staff  rather than objective 
measurements of flow.

Patients may complain of pain on inflow or drainage 
of PD fluid, which may be due to a local irritant effect 
of the dialysis fluid, a consequence of negative pressure 

       . Fig. 84.4 Plain abdominal X-rays demonstrating the PD catheter 
located in the pelvis a and the tip having migrated out of  the pelvis b
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(suction) particularly in APD or a mechanical conse-
quence of tube position. Tidal APD is commonly used 
to reduce drainage pain, combined with avoiding a “dry 
day” by leaving a residual volume of approximately 
200 ml in the peritoneal cavity. The use of more biocom-
patible neutral pH dialysates may ameliorate inflow pain 
possibly due to less chemical irritation of the membrane 
resulting in reduced stimulation of nociceptors. The 
position of the tube in the pelvis can lead to mechanical 
irritation which may be resolved by tube repositioning. 
Unfortunately, it is challenging to prove this etiology 
and some patients may be discouraged from persisting 
with PD.

84.7  Audit Standards for Catheter 
Placement

The minimization of catheter-related complications 
requires care and attention from the operator in the con-
text of a consistent team-based approach supported by 
clear guidelines and protocols [30]. These describe the 
conditions necessary for optimal catheter function with 
minimization of complications. The only registry that 
reports primary catheter function is the French Speaking 
Registry, and this gives really excellent catheter function 
data [11]. However, in reality, many centers describe 
results that are considerably lower. The ISPD audit stan-
dards for catheter placement include a 1-year catheter 
survival of at least 80% and peritonitis within 30 days of 
catheter insertion of less than 5% [30] and this is audited 
by the UK Renal Registry [7]. There is an advantage in 
using an earlier time-point such as 3 months post cath-
eter insertion as an audit measure since it provides more 
proximate data for clinical teams to use in their quality 
assurance.

84.8  Surgical Complications of PD

The surgical complications related to the insertion of 
the PD catheter can lead to morbidity, seriously com-
promise outcomes and result in loss of confidence for 
patients. Early complications include hemorrhage, per-
forated viscus, wound infection, catheter obstruction 
and displacement, and dialysate leak. Later complica-
tions include external cuff  extrusion, dialysate leaks, 
hernias, erosion of abdominal organs, hemoperitoneum, 
and chylous effluent. Independent of the insertion tech-
nique, the operator must be able to recognize and man-
age the complications promptly and effectively. 
Preoperative evaluation and identification of potential 
risk factors are essential to prevent them [31].

84.9  Hemorrhage

Intraperitoneal hemorrhage may arise from trauma to 
the omental or mesenteric vessels, particularly during 
closed or blind insertion. This usually presents with 
blood staining of the effluent, which may be heavy. 
Slight bleeding may be treated expectantly; however, 
heavy bleeding, particularly in association with hypo-
tension, will require return to theater for localization of 
the source of the bleeding and hemostasis. 
Extraperitoneal bleeding may be obvious from the 
wound edge (main wound or exit site) or an enlarging 
wound hematoma. Skin edge bleeding can be dealt with 
using either additional sutures or local injection with a 
local anesthetic solution containing adrenaline. Failure 
to evacuate a hematoma predisposes to delayed wound 
healing, dehiscence and infection with potential risk of 
tunnel infection and peritonitis.

84.10  Hematoperitoneum

Hemoperitoneum can appear dramatic, but generally 
settles spontaneously without the patient suffering 
harm. There is a long list of possible causes, summa-
rized in an excellent review article [32]. There are rare 
occasions when it can signify a significant intraperito-
neal hemorrhage, for example, following the rupture of 
a splenic artery aneurysm, although most commonly the 
cause is a bleed from a peritoneal capillary or due to 
either ovulation or retroperitoneal menstruation in 
women. In one series, the incidence of hemoperitoneum 
was 6%. Seventy percent of these did not require any 
active intervention apart from addition of heparin to 
the dialysate, with 20% requiring active intervention for 
significant hemorrhage and the remaining 10% having 
significant intra-abdominal pathology but minor hema-
toperitoneum [33]. Blood transfusion may be required 
with severe bleeding due to follicular or ovarian cyst 
rupture or coagulopathies.

84.11  Perforation or Laceration

Perforation of bowel and urinary bladder is a well- 
recognized but rare complication of closed PDC inser-
tion, and it can also occur with open insertion. Injuries 
to liver, a polycystic kidney, aorta, mesenteric artery, 
and hernial sac have all been reported. Predisposing fac-
tors include abdominal adhesions and distensions due 
to paralytic ileus or bowel obstruction, and unconscious, 
cachectic, or heavily sedated patients. The bladder is at 
risk of injury if  it is of high volume, for example in 
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patients with chronic bladder outflow obstruction, and 
this can be avoided by preoperative voiding confirmed 
by ultrasound examination. Evidence of peritonitis 
associated with contaminated effluent is an indication 
for laparotomy and repair of the perforation. Delayed 
perforation of intestine, bladder, and vagina caused by 
pressure necrosis and erosion from an unused catheter 
has been described.

84.12  Wound Infection

Although unusual, this is a serious complication, which 
may lead to catheter loss. Usual organisms are 
Staphylococcus aureus and Pseudomonas species. 
Contamination of the wound should be prevented by 
strict adherence to aseptic technique, prophylactic anti-
biotics, and meticulous hemostasis. Treatment of estab-
lished infection requires antibiotics, surgical drainage, 
and possibly catheter removal for intractable infection 
involving the catheter. ESI or peritonitis directly as a 
consequence of catheter placement should be a rare 
event. Treatment of catheter associated infections is 
summarized in the relevant ISPD guideline [21].

84.13  Hernias

It is estimated that between 10 and 20% of the CAPD 
population develop hernias due to raised intra- 
abdominal pressure associated with PD, which can be 
inguinal, umbilical and pericatheter in location. Part of 
the preoperative assessment of the prospective PD 
patient is to assess for the presence of hernias since these 
can be repaired at the time of catheter placement. 
However, often these are not present at the time of cath-
eter insertion and develop later, more commonly in 
patients who use larger intraperitoneal volumes and in 
those with adult polycystic kidney disease.

Elective hernia repair should be undertaken if  pos-
sible and if  the peritoneum remains intact and the her-
nia repair is not extensive, disruption of PD is not 
required. A small volume and short cycle dwell regimen 
can be continued postoperatively. However, where the 
peritoneum is breeched during hernia repair, change to 
hemodialysis for at least 3 weeks to allow healing of the 
peritoneum is required since leakage of dialysis fluid 
through the hernia wound encourages infection of mesh 
used to reinforce the repair. Pericatheter hernias, which 
usually occur in the midline, are difficult to manage 
without removing the catheter. Any attempt to repair a 
pericatheter hernia leaving the catheter intact will either 
compromise the hernia repair or the catheter function. 
Meticulous attention to the technique in placement of 

the catheter will usually prevent such hernias from 
developing. Paramedian placement of the PDC reduces 
the incidence of pericatheter hernias.

84.14  Leaks

A dialysate leak can occur months or even years after 
starting PD in up to 25% of catheters placed through 
the mid-line, but is less common with a paramedian 
incision and has been reported in 7.4% of cases follow-
ing a laparoscopic PD catheter insertion [34]. Clinically, 
leakage presents as clear dialysis fluid around the cath-
eter at its exit site or as a localized swelling and edema 
of the abdominal wall due to infiltration with fluid 
(peaud’orange). The passage of dialysis fluid through a 
patent processus vaginalis may lead to gross scrotal and 
penile oedema in the male and labial oedema in the 
female. Occasionally, the oedema may be so marked 
that it is not possible to decide the side of origin of the 
leak. Hydrothorax, in a patient on PD, can result from 
leak of fluid through a congenital pleura-peritoneal 
communication or an acquired diaphragmatic hernia, 
which presents with chest pain and dyspnea. It is impor-
tant to note that this complication may be silent; there-
fore, to exclude this, careful chest examination including 
percussion should be performed routinely in patients 
who are new to PD. If  an effusion is found, the diagno-
sis is suggested by biochemical characteristics of  aspi-
rated fluid including a relatively high glucose (dialysate 
/serum ratio), low protein or LDH concentration in the 
pleural fluid and confirmed by an ultrasound, CT 
(. Fig. 84.5), or an MR scan. An isotope scan (perito-
neo-scrotogram or pleural scintigraphy) will delineate 
the side of the leak (. Fig. 84.6a and b) which if  nega-
tive allows the therapy to be continued while other 
causes are pursued.

       . Fig. 84.5 A peritoneal leak demonstrated on CT scan in a patient 
on peritoneal dialysis following a failed renal transplant
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Securing the PD catheter tightly at the deep cuff  level 
or rectus sheath tunnelling reduces the risk of early leak 
and is recommended if  there are plans to use the cathe-
ter early [35]. Early leaks can be managed by temporary 
discontinuation of PD, however, catheter replacement 
may be required. In a leak through patent processus 
vaginalis, PD should be discontinued until the oedema 
has subsided and then repair should be undertaken as 
for an inguinal hernia. If  possible, the patient should be 
temporarily converted to hemodialysis for about 2 weeks 
following repair. Several approaches have been used to 
treat pleural leaks, although often the patient will require 
transfer to hemodialysis.

84.15  External Cuff Extrusion

Location of the subcutaneous cuff  close to the exit site 
may lead to its protrusion, which can result either if  the 
catheter becomes inadvertently pulled or may occur 
spontaneously due to its shape memory that tends to 
straighten the catheter. This complication can be 
avoided by placing the external cuff  approximately 
2–3 cm deep to the skin. If  the subcutaneous cuff  of  the 
catheter begins to extrude, it may result in a persistent 
exit site infection. In the absence of  signs of  tunnel or 
deep cuff  infection, removal of  the subcutaneous cuff  
(shaving) allows the exit site infection to resolve in 50% 
of the cases unresponsive to antibiotic treatment. 
Failure of  the infection to resolve mandates removal of 
the catheter.

84.16  Chylous Effluent

Chylous ascites, as defined by the presence of chylomi-
crons causing cloudiness of the effluent, is a rare entity 
which can occur with either no identifiable cause or in 
association with intra-abdominal malignancies (lym-
phoma and ovarian carcinoma), cirrhosis of liver, 
chronic pancreatitis, amyloidosis, cardiac failure, and 
patients on calcium channel blockers. In cases with no 
obvious cause, microtrauma to the peritoneal lymphat-
ics is presumed to be the etiology, where improvement 
has been reported with cessation of PD, administration 
of medium chain triglycerides and octreotide. Continued 
loss of lymph (lymphocytes and fat) leads to malnutri-
tion and immunosuppression, which may necessitate 
discontinuation of PD.

84.17  Indications for Catheter Removal

Catheter removal maybe required for malfunction 
which can result from intraluminal obstruction with 
blood or fibrin clots, omental tissue incarceration, cath-
eter tip migration out of  the pelvis with poor drainage, 
a catheter kink, catheter tip caught in an adhesion fol-
lowing severe peritonitis, or an accidental break. 
Indications for removal of  a functioning catheter 
include severe, unresponsive or recurrent peritonitis, 
peritonitis due to exit site and/ or tunnel infection, per-
sistent exit site infection, tunnel infection with abscess, 
late recurrent dialysate leak, atypical peritonitis, bowel 

a b

       . Fig. 84.6 a Scintigraphy – a positive study from a peritoneal dialysis patient with a pleural effusion, b Scintigraphy demonstrating peri-
toneal fluid leaking into the scrotum
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perforation, severe abdominal pain due to the catheter 
impinging on  internal organs, and catheter cuff  extru-
sion with infection.

84.18  Metabolic Complications 
of Peritoneal Dialysis

The majority of PD exchanges rely on hypertonic glu-
cose solutions to provide osmotic clearance of water in 
combination with a buffer for acid base correction. 
Perhaps, unsurprisingly, this process can lead to meta-
bolic complications that can have either systemic or 
local effects on the peritoneal membrane. Components 
of PD fluid other than glucose can also have metabolic 
consequences and these will be considered. The poten-
tial for PD to cause adverse effects resulting in morbid-
ity and mortality underlines the need to prescribe and 
manage PD responsibly. Research is a priority to iden-
tify mechanisms to ameliorate these complications.

84.19  Systemic Metabolic Complications 
of Peritoneal Dialysis

The use of glucose as the osmotic agent in PD leads to 
the absorption of approximately 800  g of glucose per 
week. In healthy people an excess of glucose will be uti-
lized and stored as glycogen or later as lipids. It is there-
fore reasonable to propose that PD patients may manage 
excess glucose in this manner resulting in an increase in 
fat mass or body weight. However, the relationship 
between glucose exposure, fat mass, and body weight is 
not consistent suggesting that many factors influence 
metabolism in this group of patients.

Dialysis has the potential to impact on appetite in 
several ways. Leptin, the product of the Ob gene, is 
secreted by fat cells and regulates food intake and energy 
expenditure in animal models. Whether the hyperlepti-
nemia observed in uremic patients is involved in the 
anorexia that is often identified in this group is unclear. 
Studies have observed that in PD patients, particularly 
those with diabetes, leptin levels and body fat content 
increase. In those who lost lean body mass, higher leptin 
and initial CRP levels were recorded [36]. It is of interest 
that insulin has been identified as a regulator of leptin 
gene expression. With chronic hyperinsulinemia, leptin 
levels can increase significantly.

The impact of glucose-based PD on the glucose- 
insulin system has been investigated [37]. Galach et al. 
studied 3.86% glucose dwells lasting 6 hours in 13 non-
diabetic patients who were clinically stable and fasting. 

Significant increases in plasma glucose and insulin were 
identified. Insulin resistance was noted in the majority 
of patients although they were, in general, able to con-
trol the glucose peaks related to PD. Disruption of the 
glucose insulin axis is one factor defining the metabolic 
syndrome. Other elements include hypertension, raised 
BMI, depressed high density lipoprotein levels, and 
raised triglycerides. Metabolic syndrome had been iden-
tified in approximately 50% of PD patients and is recog-
nized as a risk factor for cardiovascular death [38]. The 
management of metabolic syndrome in PD patients is 
challenging as it can at least in part be attributed to the 
effects of exposure to hypertonic glucose dialysis solu-
tions. Advice includes increased exercise to limit the 
effect of absorbed glucose and consequent fat deposi-
tion, often difficult to follow for patients with comorbid 
conditions. Pharmaceutical management of dyslipid-
emia is advisable as is BP control through appropriate 
salt water balance and use of hypotensive agents. 
Techniques to limit glucose exposure in peritoneal dialy-
sis include the appropriate scheduling of exchanges, the 
use of non-glucose based fluids and optimization of 
residual renal function. As yet there are no controlled 
trials to guide the management of this complex meta-
bolic problem; however, recommendations are made in 
the relevant ISPD guideline [39].

84.20  Long-Term Changes 
to the Peritoneal Membrane:  
Impact on Ultrafiltration Capacity 
and Patient Outcome

The Cardiff  peritoneal biopsy registry explored the rela-
tionship between peritoneal structural changes and 
membrane functional in patients on PD [40]. Most 
prominently was the development of submesothelial 
fibrosis which increased significantly with the duration 
of PD, for example, 180  μm (micron) in those 0 to 
24  months and up to 700  μm in those on PD for 
97 months. Vascular abnormalities were also a promi-
nent finding with degrees of vessel wall thickening and 
capillary dilation which was graded from 1 to 4 accord-
ing to the degree of subendothelial hyaline material, 
luminal distortion or obliteration. The findings sug-
gested a causal relationship between the vasculopathy 
and the membrane thickening implying that vasculopa-
thy may result in relative ischemia exacerbating the 
fibrosis.

From the clinical perspective, long-term changes to 
the peritoneal membrane are demonstrated by a time- 
dependent increase in solute transfer associated with a 
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decline in ultrafiltration capacity (the amount of water 
moving across the membrane in response to a particular 
glucose concentration over a defined time) occurring 
after about 4 years of treatment. In a study of 210 con-
secutive patients commencing PD, peritoneal kinetics 
stabilized in the first 6 months of treatment but thereaf-
ter there was a time dependent increase in solute 
 transport which became significant at 42 months. In that 
study, high solute transport (measured using the perito-
neal equilibration test1) and earlier loss of residual renal 
function were associated with poor outcome in patients 
on CAPD [41]. The patients with increasing solute 
transport had earlier loss in residual renal function and 
had been exposed to significantly more hypertonic glu-
cose during the first 2 years of treatment that preceded 
the increase in solute transport. This was associated 
with greater achieved UF compensating for reduced 
residual renal function. This finding was confirmed in a 
2003 report in which early and higher dialysate glucose 
exposure, which was in the context of higher comorbid-
ity and lower residual renal function, was associated 
with a more rapid deterioration in membrane function 
[42]. Thus, the changes in the structural-functional rela-
tionship of the membrane could be predicted to some 
extent by clinical factors present within the first year. 
Patients with PD technique survival beyond 5 years were 
more likely to have preserved residual renal function, 
maintained nutrition, and medium small solute trans-
port characteristics [43]. The coupling between the 
increase in D/P creatinine and the reduction in UF is 
due to the earlier loss of the osmotic gradient leading to 
reduced aquaporin mediated water transport and 
increased water reabsorption. Importantly, a group of 
patients develop a disproportionate fall in UF with time 
on PD due to a marked loss of UF capacity which may 
be an important marker of significant membrane dam-
age. This has been confirmed in studies that examined 
changes in the sodium “dip” which is the dialysate to 
plasma sodium ratio after a 1-hour dwell using a hyper-
tonic solution. Loss of this sodium dip is a marker of a 
reduction in water movement through water only pores 
and is likely to be a marker of peritoneal fibrosis, corre-
lating with the subsequent development of EPS [44]. 
Icodextrin and automated peritoneal dialysis can be 
used to improve volume status in patients with higher 
transport status who have insufficient urine volume and 
there is evidence from various reports of the benefits of 
this approach, in particular a meta-analysis suggesting 

1 The peritoneal equilibration test measures the dialysate to 
plasma ratio of  creatinine (D/P creatinine) at the end of  a 4-hour 
dwell using a dialysate with a 2.27% glucose concentration.

that the adverse effect of the high transport status on 
outcome has been mitigated in recent years [45].

With time on, PD patients are often prescribed 
increasing glucose loads. The chicken and egg question 
has been whether increased glucose load results in 
changes to the membrane leading to impaired ultrafil-
tration or whether impaired ultrafiltration related to 
membrane changes comes first causing physicians to 
increase the glucose concentrations in the patients’ pre-
scription. A retrospective analysis of prospectively gath-
ered data from PD patients by Davies et al. [46] provided 
supporting evidence that the primary event is the expo-
sure of the peritoneal membrane to hypertonic glucose 
which in turn contributes to changes in membrane func-
tion. A cohort of patients who had performed continu-
ous PD for 5 years were identified and divided into those 
who had stable membrane function and those with 
increasing membrane transport characteristics. When 
these two groups were compared the patients with 
increasing membrane transport were noted to have 
experienced earlier loss of residual renal function and 
were exposed to higher glucose loads to compensate for 
this in advance of the recorded changes in membrane 
characteristics.

Concern has persisted regarding cytotoxic compo-
nents of the dialysis fluid. Using in  vitro techniques 
including cell growth inhibition and assessment of 
advanced glycosylation end-products (AGEs) formation, 
Wieslander and colleagues demonstrated that the low pH 
of glucose dialysates causes significant cytotoxicity, with 
glucose degradation products (GDP) and to a lesser 
extent osmolality and the presence of lactate also causing 
damage [47]. GDP are formed by the exposure of the 
dialysate glucose to heat during sterilization. The conden-
sation of a carbonyl group on these sugars with a reactive 
amino group of a protein produces AGEs. In vivo studies 
have confirmed that the interaction of the AGE with the 
receptor (RAGE) leads to damage of the peritoneum in 
humans. Uremic patients’ peritoneum already shows 
changes of fibrosis, angiogenesis, and RAGE activation. 
Those patients exposed to peritoneal dialysis with glu-
cose-based fluids demonstrated further increase in these 
parameters. The AGE molecules have a physical effect on 
the structure of the membrane causing disruption to the 
matrix of the membrane as well as a functional effect. 
The AGE / RAGE interaction triggers cellular signal 
pathways involved in inflammation and fibrosis.

The observed long-term changes in the integrity of 
the peritoneal membrane have led to the development of 
dialysis solutions that are intended to be more “biocom-
patible” utilizing a neutral pH, and lower concentrations 
of glucose degradation products and in some cases 
bicarbonate as a buffer. This development requires more 
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complex (and consequently expensive) technology, 
including the use of twin chamber bags to separate the 
buffer from the electrolyte components until mixing just 
prior to use, and to allow the glucose to be heat sterilized 
at a lower pH than conventionally which reduces the 
formation of GDPs. Several studies have tested these 
more biocompatible solutions by examining their impact 
on biomarkers of peritoneal membrane integrity or 
inflammation, and on clinical aspects including UF, 
residual renal function, and solute transport [48]. The 
BalANZ study is the largest randomized controlled trial 
of biocompatible peritoneal dialysate vs. standard dialy-
sate to date [49] recruiting 185 incident peritoneal 
 dialysis patients to this 2-year study. Patients were ran-
domized 1:1 to receive either a neutral pH, lactate buff-
ered, low GDP Balance solution (Fresenius Medical 
Care, Bad Homburg, Germany) or a conventional, stan-
dard, lactate- buffered PD solution. The primary out-
come measure was the difference in the slope of the 
decline in residual renal function and this was not met. 
However, there was a significant difference between the 
groups, both in time to anuria (p = 0.009) and time to 
first peritonitis episode (p = 0.01) in favor of the more 
biocompatible solution. Indeed, the peritonitis rate in 
the biocompatible group was 0.30 vs. 0.49 (p = 0.01) epi-
sodes per year. In addition, there was a significant reduc-
tion in overall infection in the biocompatible group (4 
non-PD infections out of 91 patients vs. 20 out of 91 in 
the control group). Thus, the biocompatible group dem-
onstrated meaningful benefits in terms of infection and 
time to anuria compared with the control solution. 
Systematic review has confirmed that the use of biocom-
patible solutions is associated with better preservation 
of residual renal function [50].

84.21  Encapsulating Peritoneal Sclerosis

Encapsulating peritoneal sclerosis (EPS) is a rare but 
potentially devastating complication of peritoneal dial-
ysis (PD). Diagnostic criteria have been published by the 
ISPD and are based on a combination of clinical fea-
tures (such as the presence of inflammation, disturbance 
of gastrointestinal function) supported by confirmatory 
imaging (. Fig. 84.7) or laparotomy [51]. Onset is often 
insidious, presenting with nonspecific features of inflam-
mation, weight loss and abdominal discomfort. Patient 
experience attests to often delayed diagnosis and a sense 
of “not being heard” by the medical team [52]. In full- 
blown form it causes failure of the gastrointestinal tract 
and death. Its sporadic nature, the difficulty in early 
diagnosis, as well as the lack of suitable animal models, 
means that at present the understanding of risk factors 
is incomplete and evidence-based therapies are lacking. 

In some patients EPS seems to be a self-limiting condi-
tion that can be managed with appropriate nutritional 
support; whereas in others, the progression is rapid with 
the development of obstructive features and in these 
cases there is growing evidence that timely surgical inter-
vention can be successful.

The Scottish Renal Registry reviewed all cases of 
encapsulating peritoneal sclerosis (EPS) [53] identified 
in Scotland from January 1, 2000, until December 31, 
2007, and found an overall rate of  1.5%, however, the 
incidence increased with time on PD, reaching 8.1% 
(95% confidence interval: 3.6–17.6%) for those with 4 
to 5 years exposure to the therapy. The Scottish data 
gave a similar prevalence of  EPS to other key papers 
published since the Millennium of  approximately 2–3% 
[54, 55], generally higher than that reported in earlier 
papers.

In the Scottish study, at diagnosis, 26% were on PD, 
whereas 63% were diagnosed within 1  year and 72% 
within 2  years of stopping PD; in 50% of the cases, 
patients had received a renal transplant before the diag-
nosis of EPS. Patients were likely to have discontinued 
PD because of ultrafiltration failure or inadequate dial-
ysis and 65% of the cohort had used high-strength dex-
trose (3.86%) and 98% had used icodextrin, whereas no 
patients had used “bio-compatible” dialysis fluids exclu-
sively. The cumulative risk is modest at 2.6% by 5 years, 
reflecting the reality that few patients continue PD 
beyond 4 years (. Fig. 84.8), and thus in a sense EPS is 

       . Fig. 84.7 CT scan from a patient with encapsulating peritoneal 
sclerosis demonstrating peritoneal thickening and cocoon formation
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a condition of survivors damaging the otherwise good 
prognosis in this younger group of patients. A recent 
analysis has demonstrated that EPS risk estimates are 
lower when calculated using competing risk of death 
analyses [56]. The mortality rate was 42% within 1 year 
of diagnosis, with the median survival from diagnosis 
being 180 days (range 1 to 1075).

Several cohort studies since the millennium [57–61] 
suggested either an increased disease frequency or at least 
an improved rate of diagnosis of PD-associated EPS, 
however more recently the Dutch EPS Registry reports a 
decline in incidence from 0.85% in 2009 to 0.14% in 2014 
[8]. The reason for these changes is likely to be multifac-
torial and represents the influence of altered clinical 
management on a range of risk factors that are consid-
ered to be clinically relevant. These are reviewed in the 
latest ISPD guideline on this topic [9], and include PD 
exposure (time on PD), dialysate glucose concentrations 
and the possibility that icodextrin has a role as well as an 
association with discontinuing PD, and possibly renal 
transplantation. Good quality information on treatment 
for EPS is lacking and is based on case series reports; 
including nutritional optimization, the use of immuno-
suppressant agents, tamoxifen, and specialist surgery if  
clinical features fail to resolve with focused nutritional 
and medical treatment. The surgical method combines 
enterolysis with excision of the diseased peritoneum and 
cocooning membrane and should be performed at dedi-
cated national centers [62]. Major outstanding questions 
remain around risk factors, diagnosis and treatment and 
large prospective studies are required.

 ? Chapter Review Questions
 1. What factors influence the decision around the 

most appropriate catheter insertion technique?
 2. A patient on peritoneal dialysis is being treated with 

intraperitoneal antibiotics for an episode of perito-
nitis – what other treatment should be considered?

 3. A patient who has previously been well on perito-
neal dialysis starts to develop oedema and weight 
gain – what is the most likely explanation?

 4. A patient on automated peritoneal dialysis who 
has lost residual renal function has become under 
dialysed. What is the first step?

 5. You are tasked to develop quality improvement sys-
tems for your PD unit. What should you focus on?

 v Answers
 1. Randomised controlled trials do not show advan-

tage for one technique over another, although 
cohort studies suggest advantages for the laparo-
scopic insertion combined with advanced tech-
niques. It is important that the catheter insertion 
pathway is responsive to need and is individual-
ised. In other words for individuals within the 
normal body mass ranges who have not had previ-
ous lower abdominal surgery a percutaneous 
insertion under local anaesthetic by an expert 
operator is a good option – whereas in more com-
plex cases surgical approaches will be necessary.

 2. It is important to prescribe antifungal therapy for 
the duration of  the antibiotics to reduce the risk 
of  subsequent fungal peritonitis. This can either 
take the form of  oral nystatin or fluconazole.

 3. It is likely that the residual renal function has 
fallen. This can be measured using a 24 hour urine 
collection. If  the patient is still passing urine one 
step that can be taken is to increase oral diuretic 
doses up to 240 mg of  furosemide in divided doses 
(morning and lunch). A second step is to ensure 
that fluid is not being absorbed from any of  the 
dialysis exchanges. The third step is to adjust the 
PD prescription to improve ultrafiltration.

 4. The easiest course of action is to add a day time 
exchange if  they do not have one already. Subsequent 
to that, it may be necessary to increase the volume 
of the overnight exchanges. This is guided by the 
patient’s small solute transport status.

 5. The two key areas to focus on are access and infec-
tion. You should ensure that regular audit of perito-
nitis and exit site infection rates are being conducted 
and shared with the team with a focus on root cause 
analysis to under stand the causes of individual 
cases. It is also important to audit the outcome of 
peritoneal dialysis catheter insertion. Important 
audit targets are 0.5 episodes of peritonitis per year 
for patient at risk (see 7 ispd. org for guideline docu-
ments); for catheter patency the following guidance 
has been given – “Catheter patency at 12 months of 
> 95% for advanced laparoscopic placement and > 
80% for all other catheter insertion methods”. There 
is a value in auditing at 3  months post insertion 
since 1 year is rather too long to wait.
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       . Fig. 84.8 Risk of  encapsulating peritoneal sclerosis calculated 
using ‘standard’ and competing risks approaches (from Ref. [56])
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