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C H  A P T E R

Since the   rst description of continuous ambulatory 
peritoneal dialysis (CAPD) in 1976, peritoneal dialy-
sis (PD) has become the dominant modality for home 

dialysis across the globe. Over the last decade, the patterns 
of utilization rates for PD have changed. Although the pro-
portion of end-stage renal disease (ESRD) patients treated 
with PD remains low in many Western countries, as well as 
developing countries in the Middle East and South Asia, the 
utilization rates are increasing in several Eastern European, 
South Paci  c, and East Asian countries. 1,2 In the United 
States, the percentage of dialysis patients on PD has de-
creased over the past decade with a slight increase in 2008; 
during that year, fewer than 7% of dialysis patients received 
PD.3 Lack of adequate patient and physician education re-
garding PD likely contributes to this pattern of underutiliza-
tion.4 Given the absence of a randomized, controlled clinical 
trial comparing PD and conventional hemodialysis (HD), ob-
servational studies comparing incident PD and HD patients 
provide the best comparisons of the two modalities. Based 
on these studies, a few key observations can be made. First, 
patients commencing treatment with PD are younger and 
have a lower comorbidity burden than those that are treated 
with HD. 5 Second, there appears to be a modality by time in-
teraction, such that patients commencing PD have a higher 
probability of survival during the   rst 2 to 3 years of renal 
replacement therapy when compared to HD patients; this 
advantage diminishes over time. 6–8 Third, the relative out-
comes of patients treated by HD or PD seem to be modi  ed 
by their age and diabetic status and the presence or absence 
of comorbidities. Thus, among individuals with no baseline 
comorbidity, treatment with PD appears to be associated 
with a survival advantage among nondiabetic  patients (all 
age groups) and young diabetic patients (age   45 years). 9,10

It remains unclear if these differences in survival re  ect a 
“modality effect” or are due to selection bias undescribed by 
known comorbidities. Nonetheless, PD treatment is used by 
thousands of patients around the world and  appears poised 
to remain an important modality for renal replacement ther-
apy. Furthermore, virtually all studies of contemporary co-
horts of dialysis patients have demonstrated a similar overall 

survival from different parts of the world with different levels 
of PD utilization. 6,9,11,12

Space precludes us from describing an extensive physi-
ologic basis for PD. We discuss the current major issues of 
concern for PD in this chapter—the de  nition of “adequate” 
therapy and the control or management of therapy-related 
complications.

 PERITONEAL DIALYSIS MODALITIES 
PD may be performed manually and/or with the assistance 
of an automated device, commonly referred to as a “cycler.” 
Similarly, PD therapy may be either continuous or intermit-
tent. In most patients, selection of the PD modality hinges 
upon which therapy better suits the patient’s lifestyle. How-
ever, in the absence of residual renal function, it is probably 
always desirable to use a continuous therapy. 

 Peritoneal Dialysis Techniques: Continuous 
Therapies 
 Continuous Ambulatory Peritoneal Dialysis 
Until recently, CAPD was the most commonly used form 
of PD. Since its original description, there have been few 
changes in the basic therapy, although there have been many 
changes in the connection devices or “connectology” used to 
make the exchange. CAPD is a manual therapy and usually
uses less dialysate than automated PD. The usual dialysis 
prescription for patients on this technique is four exchanges 
per day using 2.0 to 2.5 L of dialysate. However, in many 
developing countries, patients are treated using three ex-
changes with lower   ll volumes with similar results. The 
equivalent results despite a lower dialysate use may, in part, 
be secondary to smaller body size in these countries. 

 Continuous-Cycling Peritoneal Dialysis 
The utilization of automated peritoneal dialysis (APD), 
of which continuous-cycling peritoneal dialysis (CCPD) 
is the most common, is rapidly increasing in many parts 
of the world, like the United States. 3 Most often, patients 
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NIPD can be used for management of patients with heart 
failure, as transient therapy for postoperative patients, or pa-
tients treated with CAPD or CCPD, who have developed her-
nias or leaks, 18 or for women with rectal or vaginal  prolapse. 

 Tidal Peritoneal Dialysis 
Tidal peritoneal dialysis (TPD) is best performed nightly by the 
use of an automated cycler. It involves the maintenance of an 
intraperitoneal reservoir of dialysate, which is achieved by in-
complete drainage of the   uid at the end of each dwell. Ad-
ditional amounts of   uid are instilled with each exchange to 
maintain an optimal intraperitoneal volume. By maintaining an 
intraperitoneal reservoir of dialysate, it is assumed that tidal di-
alysis may maintain more continuous contact of dialysate with 
the peritoneal membrane. Furthermore, the more rapid cycling 
of dialysis may increase mixing and prevent formation of stag-
nant intraperitoneal   uid layers.  Although preliminary stud-
ies suggested that small solute clearances are augmented 14,15

subsequent studies have failed to con  rm the ability of TPD 
to enhance clearances. 16–18 TPD is useful, however, for patients 
who have pain with either infusion or draining; the reservoir of 
dialysate minimizes pain during drainage and upon instillation 
of fresh dialysate. 19 In prescribing tidal peritoneal dialysis, vari-
ables to be chosen include reserve volume, tidal out  ow vol-
ume, tidal replacement volume,   ow rates, and frequency of the 
exchanges. Although TPD may have clinical bene  ts, the treat-
ment cost will be increased due to the additional dialysate   uid. 

 DEFINING ADEQUACY OF DIALYSIS 
USING SMALL SOLUTE CLEARANCES 
 Minimal Versus Optimal Dialysis 
The native kidneys perform excretory and endocrine func-
tions and are pivotal in the maintenance of euvolemia. The 
loss of these functions in patients with progressive renal fail-
ure results in numerous metabolic and vascular abnormalities. 
In order to return the individual to complete health, some of 
the goals of optimal renal replacement therapy are summa-
rized in Table 83.1. The concept of “optimal” renal replace-

undergoing CCPD use an automated cycler to perform ex-
changes while they sleep with a subsequent “last   ll” and 
single daytime dwell until the following evening; therefore, 
this is a continuous therapy. Some patients also require a 
daytime exchange, either to maximize solute clearances or to 
enhance   uid removal. Although it may be done manually, 
this exchange is more commonly performed using the cycler 
as a “docking” station for drain of the last   ll instilled in the 
morning and subsequent instillation of fresh dialysis   uid. 
APD performed in this fashion is commonly referred to as 
CCPD with a midday exchange or as “high-dose” CCPD (a 
misnomer, as the volume of   uid used may well be less than 
that used by another patient performing “low” dose CCPD). 

 Peritoneal Dialysis Techniques: Intermittent 
Therapies 
Because intermittent therapies typically use multiple short 
dwells, they tend to be automated, although they can be done 
manually. Intermittent PD (IPD) therapies are best suited for 
patients who are found to be high transporters based on the 
peritoneal equilibration test (PET). However, they should 
rarely be used once the patient loses residual renal func-
tion. These therapies also may be transiently indicated dur-
ing peritonitis for some patients experiencing problems with 
ultra  ltration, or if PD therapy needs to be initiated within 
2 weeks of implantation of the PD catheter (early “break-in”). 

 Intermittent Peritoneal Dialysis 
By de  nition, IPD implies that therapy periods alternate 
with periods when the peritoneum has been drained (“dry 
abdomen”). As classically performed the patient uses mul-
tiple short-dwell exchanges three or four times a week. 
Techniques include manual IPD, cycler IPD, reverse osmo-
sis machine IPD, intermittent reciprocating dialysis with 
an extracorporeal reconstituting circuit, and others. In rec-
ognition of the importance of small and possibly middle- 
molecule clearances, IPD is now rarely used. 

Nonetheless, classic IPD therapies continue to have their 
uses. Cycler IPD has been used in areas where technical,  social, 
and economic limitations restrict the use of CAPD. Cycler IPD 
has been used immediately after abdominal surgery, for elder-
ly patients, patients with refractory heart failure, or for those 
who are on CAPD and have developed hernias or leaks. 13

 Nightly Intermittent Peritoneal Dialysis 
Nightly IPD (NIPD) utilizes a cycler overnight with a subse-
quent dry day. It is best employed by patients who still have 
residual renal function regardless of their transport type. 
Daytime ambulatory peritoneal dialysis (DAPD) is based on 
the same concept as NIPD, but DAPD is a manual technique, 
and the patient typically has a “dry time” during the night. 
The lower the peritoneal membrane transfer rates, the lower 
the 8-hour NIPD or DAPD clearances, and, in some patients, 
time spent on NIPD or DAPD has to be prolonged by 10% 
to 40% to achieve minimal target clearances. 16,17 Like IPD, 

TA B L E

Improve duration and quality of life 
Reverse uremic signs and symptoms 
Control acid-base abnormalities 
Improve dyslipidemia and cardiovascular risk 
Stabilize nutritional status 
Remove small and middle sized uremic toxins 
Improve abnormalities in mineral and bone metabolism 
Minimize patient inconvenience factors 
Control blood pressure and maintain euvolemia

 Goals of End-Stage Renal Disease 
 Replacement Therapy 

83.1

2438



CHAPTER 83   PERITONEAL DIALYSIS 2439

maximize small-solute clearances do not necessarily enhance 
the clearance of larger-molecular-weight toxins as clearance of 
the latter is time-dependent (Fig. 83.1). 24  

 Small-Solute Clearances and Mortality 
 Dialysis dose among patients undergoing PD had historically 
been measured using both urea and creatinine clearances; how-
ever, as renal creatinine clearance in ESRD patients is largely a 
function of creatinine secretion, urea clearance alone is now 
more commonly used. Because the urea clearance is expressed 
as a sum of renal and peritoneal clearance, studies evaluat-
ing  mortality risk and dialysis dose must clearly differentiate 
between renal and peritoneal Kt/V. Most large, observational 
studies examining mortality demonstrated that although renal 
urea clearance is strongly associated with a variety of patient 
outcomes, peritoneal clearances within the range achieved in 
clinical practice is substantially less so. 25–35   Furthermore, two 
randomized, controlled, clinical trials 36,37  have now provided 
the   nal con  rmatory evidence that  increases in peritoneal 

ment therapy, as applied to dialytic therapies, entails that the 
amount of dialysis delivered is not the rate-limiting step that 
determines patient outcome. In other words, an “optimal” di-
alysis prescription eliminates uremia as a potential variable, 
allows patients to achieve euvolemia, and maximizes quality 
of life. Given the continuing high risk for  morbidity and mor-
tality and poor rehabilitation among the ESRD population, it 
is clear that the current renal replacement therapies are far 
from achieving the goal of “optimal” therapy. 20  One of the 
reasons for this may be that, for a large number of solutes, 
the dialytic clearances typically replace    10% of the native 
renal excretory function (Table 83.2). 21  Based on these con-
siderations and the current state of knowledge relating small 
solute clearances to outcome, it is more reasonable to de  ne 
clearance goals of dialytic therapy in terms of “minimal ac-
ceptable,” rather than “optimal,”  dialysis. 

 After the widespread introduction of hemodialysis, 
studies of patients undergoing HD attempted to de  ne a 
“dose” of hemodialysis suf  cient to prevent malnutrition, 
uremia, and premature death. Based on the initial results and 
subsequent reanalysis of the National Cooperative  Dialysis 
Study, the concept of urea kinetic modeling was developed 
to monitor the dose of HD. 22,23  Shortly thereafter, the con-
cept of monitoring the dose of dialysis using urea (and, 
 subsequently, creatinine) kinetic modeling was extended to 
patients undergoing PD. Thus, over the last two decades, the 
adequacy of dialysis dose has been based on an assessment 
of achieved clearances of small solutes. 

 However, as is clear from Table 83.2, small-solute clear-
ance is substantially lower for PD than HD. Yet, as discussed in 
the preceding section, the overall outcome is similar between 
HD and PD patients. It is also clear from Table 83.2 that solute 
clearances in CAPD exceed those of standard HD for all but 
the small-molecular-weight solutes. Is the reason that survival 
rates on CAPD and HD are similar because of comparable 
“middle-molecule” clearance? Should middle-molecule clear-
ance be measured as the “PD yardstick?” At this time, there are 
no interventional studies to support such a change in the “PD 
yardstick.” However, it is important to note that strategies that 

 FIGURE 83.1 The in  uence of the number of exchanges on the 
weekly solute clearance for solutes with a range of molecular 
weights derived from a computerized model of peritoneal trans-
port. (From Keshaviah P. Adequacy of CAPD: a quantitative ap-
proach.  Kidney Int Suppl . 1992;38:S160, with permission.) 

 Solute Removal by Dialysis and the Natural Kidney 
TA B L E

Solute Clearance  Natural Kidney  HD Low Flux  HD High Flux  CAPD

Urea (L/wk)     750  130  130   70

Vitamin B12 (L/wk)  1,200   30   60   40

Inulin (L/wk)  1,200   10   40   20

B2-microglobulin (mg/wk)  1,000    0  300  250

 HD, hemodialysis; CAPD, continuous ambulatory peritoneal dialysis. 
 Modi  ed from Keshaviah P. Adequacy of CAPD: a quantitative approach.  Kidney Int Suppl.  1992;38:S160. 
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of in  ammation), inadequate dietary intakes are probably im-
portant and independent contributors to the high prevalence 
of PEW among the dialysis population. 50 It follows, then, that 
if enhancing the dose of dialysis can result in an increase in 
dietary intakes, the higher dose would have the potential of 
improving their nutritional status; this, in turn, would be ex-
pected to have a salutary effect on patient outcome. 

Based on multiple, small studies, there is evidence that in-
creasing dialysis dose can improve nutritional status.  Studies
that show a relationship between Kt/V urea and nPNA (nor-
malized protein equivalent of nitrogen appearance) are prob-
lematic since both equations share common variables. 51,52

However, enhanced solute removal has been associated with 
improvement in other nutritional parameters: protein intake 
(as measured by dietary records, 53,54 mid-arm circumference 
and weight gain, 55 SGA, 53 and albumin 56). Given data that 
a factor in uremic serum can induce anorexia in rats, it is 
plausible that dialytic removal of such a factor would increase 
appetite.57 However, notwithstanding the increase in dietary 
protein intake, recent randomized controlled trials have been 
unable to demonstrate an improvement in nutritional status 
with increasing peritoneal clearances (Table 83.3). 37,38

 Minimal Total Solute Clearance Goals 
Several organizations around the world have developed 
clinical practice guidelines to de  ne the target level of small-
solute clearances required to optimize the health of patients 
undergoing PD. As would be expected, these guidelines have 
evolved with our understanding (as discussed previously), 
particularly with the availability of the results of two large 
randomized controlled clinical trials. 37,38 The updated guide-
lines by organizations in United States, Canada, and Europe 
are summarized in Table 83.4. 58–62 When compared to guide-
lines published earlier, the current recommendations differ 
in several important respects. First, most of the guidelines 
recommend only one measure of adequacy to de  ne the 
minimum dose of dialysis (Kt/V urea). Early studies, includ-
ing the CANUSA study, suggested that patient outcome was 
more dependent upon total (renal    peritoneal) creatinine 
clearances rather than total urea clearances. 63 However, the 
contribution of renal creatinine clearance to total (renal   
peritoneal) creatinine clearances is substantially greater than 
of native renal urea clearances. Because creatinine is secreted 
and urea is reabsorbed by renal tubules, renal  creatinine clear-
ance is always higher than renal urea clearance; on the other 
hand, peritoneal clearances are dependent on the molecular 
weight of the solute in question. Thus, creatinine clearance 
(molecular weight, 113) is always lower than peritoneal urea 
clearance (molecular weight, 60). Consequently, the expected 
weekly creatinine clearance is different in a patient who is 
just starting PD with a residual renal Kt/V urea of 2.0 per week 
than in an anuric patient with a peritoneal Kt/V urea of 2.0 
per week. Thus, although both markers of solute clearance 
may be predictors of outcome, the target or goal for creati-
nine clearance may have to change over time as residual renal 
function decreases and is replaced by peritoneal  clearance.

clearance, within the range achieved in clinical practice, do not 
result in signi  cant improvement in patient morbidity or mor-
tality (Table 83.3). 52,53 This accumulating body of data should 
not be taken to mean that peritoneal clearances are biologically 
irrelevant or that providing peritoneal clearances do not have a 
survival bene  t—an anuric patient would die in the absence of 
peritoneal clearances. However, these data clearly suggest that 
within the range of clearances currently achieved in clinical 
practice, higher peritoneal clearances are unlikely to result in 
signi  cant improvement in patient survival. 

 Small-Solute Clearances and Morbidity 
ESRD patients suffer considerable morbidity, have impairments 
in the quality of life, and patients treated with PD continue to 
have a high rate of transfer off the therapy (“ technique failure”). 
In observational studies, it appears that a low level of small sol-
ute clearance is associated with morbid outcome. 28,30,35 Two of 
the three randomized, controlled trials were unable to demon-
strate any bene  cial effect of increasing peritoneal clearances 
on the risk for hospitalization or the number of hospital days 
or technique survival (Table 83.3). 36,37 In the study by Mak 
et al., the intervention group had a higher hospitalization rate 
at the time of entry into the study when compared to the con-
trol group. Upon follow-up over 12 months, the hospitaliza-
tion rate remained unchanged in the intervention group but 
increased in the control group, such that there were no signi  -
cant differences in the hospitalization rates between the two 
groups over the study period. 38

Furthermore, observational studies have been unable 
to demonstrate any relationship between small-solute clear-
ances and the quality of life of PD patients. 39,40 These   nd-
ings have now been con  rmed by ADEMEX—a randomized, 
controlled, clinical trial. 41

Thus, the existing body of evidence suggests that within 
the range of clearances currently achieved in clinical prac-
tice, higher peritoneal clearances are unlikely to result in 
signi  cant improvements in hospitalization rate, technique 
failure, or quality of life of PD patients. 

 Small-Solute Clearances, Nutritional Status, 
and Patient Outcome 
Due to the high prevalence of protein-energy wasting (PEW) 
in PD patients and the deleterious long-term consequences 
of wasting, the impact of small solute clearance on the nu-
tritional status of PD patients has been an actively studied 
area. As with HD patients, in PD patients there are multiple, 
imperfect clinical measures of PEW as well as dif  cult-to-
obtain research techniques. Importantly, there is poor corre-
lation amongst the different measurements. 42–44 Low serum 
albumin and prealbumin levels, poor subjective global assess-
ment (SGA), low fat-free edema-free mass, low dietary protein 
intake, and diminished hand grip strength are associated with 
higher morbidity and mortality. 42,43,45–49 Notwithstanding 
the evidence that the etiology of nutritional decline among 
ESRD patients is multifactorial (including an important role 

2440



CHAPTER 83   PERITONEAL DIALYSIS 2441

T

A

B

L

E

 S

u

m

m

a

r

y

 

o

f

 

R

a

n

d

o

m

i

z

e

d

,

 

C

o

n

t

r

o

l

l

e

d

 

C

l

i

n

i

c

a

l

 

T

r

i

a

l

s

 

T

h

a

t

 

H

a

v

e

 

E

v

a

l

u

a

t

e

d

 

t

h

e

 

E

f

f

e

c

t

 

o

f

 

I

n

c

r

e

a

s

i

n

g

 

D

i

a

l

y

t

i

c

 

C

l

e

a

r

a

n

c

e

s

 

o

n

 

 O

u

t

c

o

m

e

 a

m

o

n

g

 

P

a

t

i

e

n

t

s

 

U

n

d

e

r

g

o

i

n

g

 

P

e

r

i

t

o

n

e

a

l

 

D

i

a

l

y

s

i

s

 

M

e

a

n

 

A

c

h

i

e

v

e

d

 

C

l

e

a

r

a

n

c

e

s

b

A

u

t

h

o

r

P

a

tient N

u

mberF

o

llow-up (

m

onths)P

a

tient T

y

pe

a

P

e

r

i

t

o

n

e

a

l

 

K

t

/

V

u

r

e

a

T

o

t

a

l

 

K

t

/

V

u

r

e

a

P

e

r

i

t

o

n

e

a

l

 

C

r

C

l

T

o

tal C

r

ClKey ResultsM

a

k

3

8

 

6

6

1

2

I

1.561

.

921

.

9

2

2

.

0

2

 

 

1.675

4

.65

4

.

66

1

.

9Higher clearances asso

c

iated with higher dietary pro

t

ein intakes. No

 

effect o

f

 increased clearances o

n

 serum  albumin, ho

s

pitalizatio

n

 rates, o

r

 infectio

u

s  co

m

plicatio

n

sP

a

niagua

3

6

,

4

1

9

6

5

2

2

I

 

  

P

1

.

622

.

131

.

8

0

2

.

2

7

4

6

.15

6

.95

4

.

16

2

.

9No

 

effect o

f

 increased clearances o

n

  patient o

r

 technique survival, serum albumin, ho

s

pitalizatio

n

s, infectio

u

s  co

m

plicatio

n

s, o

r

 quality o

f

 life. Mo

r

e patients in the co

n

tro

l

 gro

u

p died fro

m

 co

n

gestive heart failure o

r

 uremia/ hyperkalemia/acido

s

is.L

o

3

7

3

2

0

2

4

I

c

1

.

5

–

1

.

7

1.7–

.

0

  

2

.

0

No

 

effect o

f

 increased clearances o

n

  patient survival, nutritio

n

al status, o

r

  ho

s

pitalizatio

n

s. Higher incidence o

f

 anemia and higher Epo

 

requirements in the gro

u

p with the lo

w

est clearances.

  a

 P

a

t

i

e

n

t

 

t

y

p

e

:

 

 

I , incident;  P , prevalent;  I   

    P , incident and prevalent.   

b

 F

o

r

 

e

a

c

h

 

s

t

u

d

y

,

 

t

h

e

 

 

 

r

s

t

 

l

i

n

e

 

r

e

f

e

r

s

 

t

o

 

t

h

e

 

c

l

e

a

r

a

n

c

e

s

 

i

n

 

t

h

e

 

c

o

n

t

r

o

l

 

g

r

o

u

p

 

a

n

d

 

t

h

e

 

s

e

c

o

n

d

 

l

i

n

e

 

r

e

f

e

r

s

 

t

o

 

t

h

e

 

c

l

e

a

r

a

n

c

e

s

 

i

n

 

t

he interventio

n

 gro

u

p.   

c

 O

n

l

y

 

t

h

o

s

e

 

i

n

c

i

d

e

n

t

 

p

a

t

i

e

n

t

s

 

w

i

t

h

 

r

e

n

a

l

 

K

t

/

V

 u

r

e

a

  

   1.0 were eligible to

 

participate.  CrCl, creatinine clearance. 

T

A

B

L

E

8

3

.

3

2441



2442  SECTION XI   MANAGEMENT OF END-STAGE RENAL DISEASE

ute down a concentration gradient) and convection (move-
ment of solute along with water, ultra  ltration [UF]). There 
is  interpatient variation in peritoneal membrane transport 
characteristics. A variety of methods have been suggested, 
standardized, and studied to assess the peritoneal membrane 
function (Table 83.5). 64–68  The most precise method to evalu-
ate diffusive function of the peritoneum is to determine the 
mass transfer area coef  cients (MTAC) of solutes like creati-
nine. 69  These de  ne transport independent of ultra  ltration 
(convection-related solute removal) and, consequently, are not 
in  uenced by dwell volume or glucose concentration. In order 
to determine the MTAC, additional  laboratory  measurements 
and computer models are necessary, but, once these are ob-
tained, MTAC can be used easily in the clinical setting. 67,69,70  

 However, of these various assessments of membrane 
transport characteristics, the peritoneal equilibration test 
(PET) is the most widely used. 65  All patients commencing PD 
therapy should undergo a PET. The   rst PET should be per-
formed after at least 4 weeks of commencing peritoneal dialy-
sis therapy. 71  Although some centers choose to repeat a PET 
only if clinically indicated, others perform the test periodically 
to monitor peritoneal membrane function. 

 In order to enhance the reproducibility of the test, several 
steps of the PET are standardized: (1) long (8 to 12 hours) 
preceding exchange; (2) drain the preceding exchange as 
completely as possible over 20 minutes; (3) infuse 2 L of 2.5% 
dextrose dialysate over 10 minutes (time 0); (4) take samples 
of dialysate of times 0, 120, and 240 minutes; (5) in order 
to take samples, 200 mL of dialysate is drained into a bag, 
10 mL is drawn for testing, and 190 mL is reinfused; (6) a 
blood sample is taken at 120 minutes; and (7) the dialysate 
is drained completely at 240 minutes and the drain volume is 
measured. Dialysate and serum urea, glucose, and creatinine 

On the other hand, it appears from outcome studies that the 
Kt/V urea  target may not need to change. Furthermore, it is 
now recognized that the stronger relationship of creatinine 
clearances to patient outcome was a result of the effect of 
the confounding effect of residual renal function. There is no 
evidence that peritoneal creatinine clearances are superior 
in predicting outcome, when compared to peritoneal urea 
clearance. In light of these considerations, the various expert 
groups recommend the use of Kt/V urea  alone to determine the 
dose of dialysis (Table 83.4). Second, the targets for Kt/V urea
have been changed, such that Kt/V urea  of 1.7 at all times is 
now considered to be the minimum dose necessary needed 
for patient well-being. Based on the results of the two recent 
randomized controlled trials, it is also recognized that some 
patients may require a higher dose of dialysis to manage ure-
mic symptoms or to achieve euvolemia. 36,37  Third, except in 
the CARI guidelines, there are no differences in the de  nition 
of minimum dose of dialysis based upon the patients’ trans-
port type (see below). Fourth, some expert groups (Europe 
and Australia) have de  ned the adequacy of dialysis based 
only on peritoneal clearances, whereas others (Canada and 
the United States) de  ne it based upon total clearances. Fifth, 
the targets are the same, irrespective of PD modality (CAPD 
or APD). Finally, volume control is recognized as an addi-
tional dimension to de  ne adequate dialysis (see below). 

 MONITORING AND ADJUSTING 
SMALL-SOLUTE CLEARANCES 
 Determination of Peritoneal Transport 
 In its function as a dialysis membrane, the peritoneum per-
forms two important processes: diffusion (movement of sol-

 Targets for Small Solute Clearances Recommended by Various  Organizations for Patients 
Undergoing Chronic Peritoneal Dialysis 

TA B L E

Committee  Nature of Clearances  Kt/V  Creatinine Clearance

United States—NKF-K/DOQIa Renal   peritoneal 1.7  —

European Best Practice Guidelines  Peritoneal  1.7  —

Canadian Society of Nephrology Renal   peritoneal 1.7a —

International Society of Peritoneal 
Dialysis

Renal   peritoneal 1.7  —

CARI (Australia)  Renal  1.6   60 L/week (high and high-average 
 transporters)

  50 L/week (low and low-average 
 transporters)

a For patients with residual renal function    4 mL/min, a peritoneal Kt/V between 1.0 and 1.7 is recommended. 
 NKF-K/DOQI, National Kidney Foundation’s Kidney Disease Outcome Quality Initiative. 
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 As more has become known about ultra  ltration and 
water transport across the peritoneal membrane, it has 
been recommended that a 4.25% dextrose PET be used to 
 characterize the ultra  ltration capacity of the peritoneum, 
including aquaporin-mediated water transport and solute 
transport. 75  The 4.25% PET has been compared to the 2.5% 
PET in a cohort of chronic PD patients and no clinically rele-
vant difference in classifying the patients into different trans-
port types was noted, suggesting that the 4.25% PET may 
be as clinically useful in prescription management as is the 
2.5% PET. 76  The 4.25% PET has the added advantage of di-
rectly assessing the adequacy of ultra  ltration as well; ultra-
  ltration is de  ned as failure of a 4-hour dwell with 4.25% 
dextrose to yield at least 400 mL of net ultra  ltration. 75  

 Clinical Relevance of Characterizing Peritoneal 
Membrane Function 
 The PET is used speci  cally to characterize the patient’s 
peritoneal membrane transport properties. Knowledge of 
the peritoneal transport allows a physician to choose an ap-
propriate prescription for a patient; this is particularly useful 
when using computerized, kinetic modeling for prescription 
management. 

 In general, rapid transporters of creatinine and urea 
also tend to be rapid absorbers of dialysate glucose (high 
D/P creatinine and low D/D 0  glucose). Therefore, although 
the D/P creatinine ratios for a 4-hour dwell tend to be close 
to 1, drain volumes tend to be small. Rapid transporters 
maximize their D/P ratios and intraperitoneal volumes early 
during the dwell. Once the osmotic gradient dissipates, UF 
ceases, followed thereafter by net   uid reabsorption. With 
standard CAPD, these patients may have drain volumes that 
are actually less than instilled volumes. Short dwell times 
often are needed to optimize clearance. 77  

 On the other hand, in slow transporters, peak UF occurs 
late during the dwell, and net UF can be obtained even after 
prolonged dwells because glucose absorption is slow (low 

are measured. For each dwell time (0, 120, and 240 minutes), 
dialysate to plasma ratios (D/P) of creatinine and urea are de-
termined, as is the ratio of glucose at the drain time (120 and 
240 minutes) to the initial dialysate glucose concentration (D/
D 0 ). These results are plotted against time and compared to 
known standard curves (Fig. 83.2). Based on the values of 
D/P creatinine or D/D 0  glucose, patients are classi  ed into 
one of four categories: low, low average, high average, and 
high transporters. It should be noted that there is a signi  cant 
discordance between the categorization of  patients’ transport 
type, based upon whether D/P creatinine or D/D 0  glucose is 
used (Fig. 83.3). 72  Studies suggest that abbreviating the pre-
ceding exchange to 2 to 3 hours does not signi  cantly in-
  uence the values of D/P creatinine or D/D 0  glucose; thus, 
patients being treated with APD do not have to change their 
treatment schedule on the day prior to the PET. 73,74  

 FIGURE 83.2 Dialysate to plasma ratios (D/P) for creatinine and 
drain time to initial dialysis concentration (D/D 0 ) ratios for glu-
cose, generated from standard peritoneal equilibration testing. 
(From Twardowski ZJ. Clinical value of standardized equilibrium 
tests in CAPD patients.  Blood Purif.  1989;7:95, with permission.) 

Tests to Evaluate Peritoneal Membrane Function
TA B L E

Test
Parameter Used to Evaluate Solute 
Removal Function

Parameter Used to Evaluate Fluid 
Removal Function

Peritoneal equilibration test (4-hour)  D/P creatinine, D/Do glucose  Drain volume

Dialysis adequacy and  transport test 
(24-hour)

D/P creatinine  Drain volume

Standard peritoneal analysis  MTAC creatinine  Drain volume, D/P sodium, and others

Personal dialysis capacity  Area parameter  Ultra  ltration coef  cient

Apex  Puri  cation phosphate time  Apex time

TA B L E
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osmotic gradient for ultra  ltration, high transporters on 
CAPD would be expected to more commonly have volume 
overload. Indeed, within the meta-analysis, the association 
between high transport and mortality was much diminished 
in CCPD patients and other data demonstrate that once pa-
tients with high transport status transfer to HD, mortality 
rates equalize. 86  Thus, the present state of knowledge would 
suggest a careful evaluation and aggressive management of 
nutritional and volume status and comorbidities among in-
dividuals with a higher transport type. 

 Measurements to Monitor Dialysis Dose 
 It is recommended that monitoring should include both 
dialysis dose and nutritional parameters because outcomes 
correlate with both. In light of emerging data favoring urea 
clearances over creatinine clearances, however, the consen-
sus of the various expert groups seems to be to use only 
urea kinetics to monitor the dose of PD (Fig. 83.4). The only 
 major difference appears to be with regard to de  ning the 
clearance targets based upon peritoneal or total (renal     
peritoneal) Kt/V urea . This is an important consideration since, 
for a 70-kg man, each 1 mL per minute of renal urea clear-
ance adds approximately 0.25 to the total weekly Kt/V urea . 

 Collections of dialysate and urine over 24 hours are rel-
atively easy to obtain and can provide most of the clinically 
relevant data one needs to individualize a patient’s prescrip-
tion and monitor progress. These collections also can be 
used to calculate PNA, fat-free, edema-free mass (FFEFM), 
and other variables. The data obtained from 24-hour col-
lections is complementary to that obtained from PET and 
are routinely used together for developing a patient’s dialysis 
prescription and problem solving. 

D/P creatinine and high D/D 0  glucose). The D/P ratios for 
creatinine and urea increase almost linearly during the dwell. 
For these patients, dwell time is the crucial determinant of 
overall clearance. They do best with continuous therapies, 
such as standard CAPD or CCPD. Notwithstanding these 
considerations, the vast majority of patients have an “aver-
age” transport type and they can be successfully treated with 
either PD modality. Two recent, large studies have demon-
strated that there is not a difference in mortality among pa-
tients treated with CAPD or APD. 78,79  Furthermore, either PD 
modality (CAPD or CCPD) can be successfully  adapted to 
even patients at the extreme of transport type (rapid or slow). 

 The original studies of the PET demonstrated associa-
tions between clinical variables and transport status. 65  Dia-
betes has been commonly linked to high transport status. 80  
More recent, larger studies have not demonstrated a   rm 
association with many clinical variables (e.g., diabetes, in-
  ammation, and volume status) and transport status. 81–83  
Accordingly, peritoneal membrane function can only be 
determined by an actual, standardized measurement rather 
than predicting transport rate from clinical variables. Fur-
thermore, the PET cannot be used as a substitute to measure 
the dose of dialysis. Although it is possible to estimate daily 
clearances from PET studies, these estimates can signi  cant-
ly over- or underestimate actual daily clearances. 84  

 The PET also provides useful prognostic information 
for patients treated with CAPD. Brimble et al. performed a 
meta-analysis of studies examining the consequences of high 
transport status. 85  Twenty studies representing distinct pop-
ulations throughout the world were included in the analysis. 
Increases in D/P Cr were associated with higher mortality 
risk and treatment failure. Due to rapid dissipation of an 

 FIGURE 83.3 Discordance between categorization of patients’ transport type by D/P creatinine or D/D 0  glucose. Thus, of the patients 
categorized low transporter by D/P creatinine, 61% of them will be classi  ed as a low transporter by D/D 0  glucose; of the patients 
classi  ed as low average transporter, 64% will be classi  ed as low average transporter by D/D 0  glucose; of the patients classi  ed as 
high average transporter, 57% will be classi  ed as high average transporter by D/D 0  glucose; and of the patients classi  ed as high 
transporter by D/P creatinine, 61% will be classi  ed as high transporter by D/D 0  glucose. (Modi  ed from Mujais S, Vonesh E. Pro  ling 
of peritoneal ultra  ltration.  Kidney Int Suppl.  2002;81:S17, with permission.) 
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dialysate and residual renal urea clearances are then  divided 
by the volume of distribution for urea (V). 29  The urea V can 
be estimated to be 60% (males) or 55% (females) of the pa-
tient’s weight in kilograms. More accurate estimations of V 
can be obtained using standardized nomograms, such as 
Watson 87  or Hume and Weyers. 88  

 Calculation of the urea volume of distribution (V) is 
complicated by numerous pitfalls. 89  Weight has a different 
effect on normalization for men or women and, therefore, 
will affect Kt/V measurements. These differences are most 
marked when a patient’s weight differs signi  cantly from the 
norm in patients with the same height and frame size. The 
actual V is different in a patient with the same body weight if 
the increase in body weight from desirable is owing to over-
hydration or increase in adipose tissue. The same is true if 
loss of weight is due to protein energy wasting (PEW) versus 
amputation. 

 Calculation of Dietary Protein Intake 
 Dietary protein intake can be directly measured in meta-
bolic wards, by dietary histories, or food recall records. An 
 advantage of using food records is that they also evaluate  total 
energy intake. Unfortunately, food records are time consuming 
and dif  cult to obtain because they require trained dietitians. 
Therefore, most reports relating dialysis dose to protein intake 
use estimations, based on urinary and dialysate nitrogen ap-
pearances and expressed as the protein equivalent of nitrogen 
appearance (PNA). 90  The most commonly used formulas to 
estimate PNA are summarized in Table 83.6.  91–94  

 Calculation of Dialysis Dose 
 To individualize dialysis dose and make comparisons of dose 
between patients, the solute clearances are typically normal-
ized. If urea kinetics (Kt/V) are used, the sum of the daily 

 FIGURE 83.4 Relationship between transport type and patient 
outcome. With increasing permeability of the peritoneum, as 
 de  ned by the peritoneal equilibration test, there is an increasing 
risk for death and/or technique failure. (Modi  ed from Churchill 
DN, Thorpe KE, Nolph KD, et al. Increased peritoneal transport is 
 associated with poor patient and technique survival on  continuous 
ambulatory peritoneal dialysis.  J Am Soc Nephrol.  1998;9:1285.) 

Dea th

Low
Low average
High average
High

1.0  1.0  1.0

1.6

2.3
1.9

3.3

4.0

3.4

4.0

5.8

2.5

Trans fe r to
HD

Either

7

6

5

4

3

2

1

0

R

e

l

a

t

i

v

e

 

r

i

s

k

TA B L E

 Commonly Used Formulas for Protein Nitrogen Appearance 

PNA   10.76 (Gun   1.46)91

PNA   9.35 Gun   0.294 V   protein losses90

PNA   6.25 (UNloss   1.81   0.031   body weight)94

PNA   6.25   N loss92

PNA (g/24 h)   15.1   (6.95   urea nitrogen appearance in g/24 h)   dialysate and urine 
protein in g/24 h (Bergstrom)a

In the absence of direct measurement of urinary and dialysate protein losses, this following 
less accurate formula may be used:

PNA (g/24 hours)   20.1   (7.50   urea nitrogen appearance in g/24 h (Bergstrom)

aBergstrom J, Heimburger O, Lindholm B. Calculation of the protein equivalent of total nitrogen appearance from urea 
appearance, which formulas should be used? Perit Dial Int 1998;18:467. (Modi  ed from Keshaviah P, Nolph K. Protein 
catabolic rate calculations in CAPD patients. Trans Am Soc Artif Intern Org. 1991;37:M400.) 
PNA, protein nitrogen appearance; Gun, urea nitrogen generation rate; V, volume of urea distribution; UNloss, urea 
nitrogen loss; N, nitrogen.

TA B L E
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tient is not at goal, the  prescription should be adjusted. 
This adjustment can also be done either empirically or us-
ing computerized kinetic modeling programs. There are two 
general changes that can be made to maximize clearances 
in an individual patient—either increase the drain volume 
or increase the D/P ratio in the dialysate ef  uent. Increas-
ing the instilled volume increases the total drain volume 
and thus, the convective clearance. By altering dwell time, 
one can change both the D/P ratio at the end of prescribed 
dwell and the drain volume. The strategies to maximize the 
drain  volume in  patients  undergoing PD are summarized in 
Table 83.7. 4,73,99–104  If a patient does not have a continuously 
wet abdomen, providing 24-hour dialysis should be the   rst 
step to enhance clearances. In a patient with a continuously 
wet abdomen, increasing the dwell volume should be the 
  rst step to enhance clearances. Most patients are able to 
tolerate the increased   ll volumes without any discomfort 
and, if blinded to the   ll volume, many are unable to cor-
rectly identify the amount of   uid instilled. 105,106  In order to 
improve tolerance, the   ll volumes may be increased when 
the patient is lying supine (i.e., for the nighttime exchanges). 
Furthermore, cycler therapy  allows increases in   ll volumes 
in increments of 100 mL and improves tolerance of increas-
ing the volume of instilled dialysate. 

 Some issues to consider in patients on standard CAPD 
are: (1) inappropriate dwell times (a rapid transporter 
would do better with short dwells); (2) failure to increase 
dialysis dose to compensate for loss of residual renal func-
tion; (3) inappropriate instilled volume (patient may only 
infuse 2 L of a 2.5-L bag); (4) multiple rapid exchanges 
and one very long dwell (patient may do three exchanges 
between 9  AM  and 5  PM , and a long dwell from 5  PM  to 9  AM , 

 The total PNA is then divided by the patient’s body 
weight to determine the “normalized” PNA (nPNA), ex-
pressed in grams per kilogram of body weight per day. This 
term does not take into account differences in frame size 
and fat-free, edema-free mass (FFEFM). If a patient is mark-
edly obese, the aforementioned calculations give a falsely 
low nPNA for the patient’s actual FFEFM. Conversely, if a 
patient has PEW and has a less than expected FFEFM, these 
equations yield a falsely elevated nPNA. Various attempts to 
avoid this problem have been investigated, but corrections 
have not been standardized. One modi  cation uses actual 
measurements of V or data from nomograms that more ac-
curately estimate V. This V is then “normalized” by dividing 
it by 0.58 kg per L to determine normalized body weight. 
The PNA is then divided by normalized body weight to get 
nPNA. An extension of these principles is utilized to deter-
mine FFEFM from creatinine kinetics. 95  Finally, there is early 
evidence that bioimpedance measurements can assist with 
identifying both the “dry weight” and relative contribution 
of muscle mass, adipose mass, and   uid. 96  

 Adjusting Dialysis Dose and Recognizing 
Pitfalls in Prescribing Peritoneal Dialysis 
 The initial PD prescription should be based upon a 
 knowledge of the patient’s transport type (determined us-
ing a PET), body size, and presence or absence of residual 
renal  function. This can be done by using published algo-
rithms (e.g., K/DOQI guidelines, data from EAPOS) or us-
ing computerized kinetic modeling. 97,98  The clearances 
achieved with the initial prescription should be con  rmed 
with 24-hour collections of urine and dialysate. If the pa-

 Strategies to Enhance the Peritoneal Small Solute Clearances 
TA B L E

Continuous Ambulatory Peritoneal Dialysis  Automated Peritoneal Dialysis

Daytime exchanges  Daytime exchanges

Increase dwell volume100 Add daytime dwell (if dry day)

Increase ultra  ltration (tonicity of dialysate)  Add midday exchange101

Increase dwell volume
Increase ultra  ltration (tonicity of dialysate or alternative 

osmotic agents like icodextrin)

Nighttime exchanges  Nighttime exchanges

Increase dwell volume99,100 Volume of each dwell100

Increase number of exchanges (nighttime exchange device)  Number of nighttime exchanges104

Increase ultra  ltration (tonicity of  dialysate or alternative 
osmotic agent like icodextrin)

Number of hours of cycling (8–10 hours)101

Increase ultra  ltration (tonicity of dialysate)

TA B L E
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 RESIDUAL RENAL FUNCTION AND 
PERITONEAL DIALYSIS 
 Over the last decade, the centrality of residual renal function 
(RRF) in maintaining the health and welfare of patients un-
dergoing PD has been established. Multiple studies mentioned 
previously demonstrated the superiority of renal urea clearance 
over peritoneal urea clearance. Over the same time period, 
data has accumulated that patients with signi  cant RRF have a 
lower morbidity, have a lower severity of numerous complica-
tions associated with uremia, and have a better health-related 
quality of life (Table 83.8). 32,40,41,53,71,107–119  Thus, an under-
standing of the determinants of and strategies that retard the 
rate of loss of RRF are critical to the success of PD. 

 Notwithstanding the bene  cial effect of treatment with 
PD on rate of decline of RRF, residual renal function inexora-
bly declines over time (Table 83.9). Although many comor-
bidities have been linked to loss of RRF, to date, only one 
intervention has shown a bene  cial effect on RRF. Random-
ized, controlled trials have shown that treatment with an-
giotensin-converting enzyme inhibitors (ACEIs, ramipril) or 
angiotensin-receptor blockers (ARBs, valsartan) signi  cantly 
slows the rate of decline of RRF. 120,121  Finally, it appears that 
use of ACEIs and ARBs in patients undergoing PD is safe 
and does not result in signi  cant elevations in serum potas-
sium. 122  This may be related to the use of PD   uids without 
any potassium, as currently practiced. An initial, short-term, 
randomized, cross-over study demonstrated that patients 
had a higher urine volume when treated with PD solutions 
with low concentration of glucose degradation products. 123

However, three subsequent clinical trials, with follow-up 
for up to 12 months, have been unable to substantiate the 
bene  ts of these PD solutions on preserving residual renal 
 function. 124–126  

 ULTRAFILTRATION 
 A certain minimal amount of daily UF is necessary to main-
tain water balance in patients with ESRD. This is achieved by 
an osmotic pressure gradient between blood and the dialy-
sate using glucose (predominantly) as the effective osmotic 
agent. During UF, retained solutes are swept along with the 
bulk solvent   ow even in the absence of a concentration dif-
ference for diffusion. This contribution to net solute clear-
ance has been termed solvent drag or convection; therefore, 
overall solute clearance is the sum of that owing to diffusion 
and convection. 

 Clinical Physiology 
 Simultaneous with UF of   uid from the bloodstream into 
the peritoneal cavity, there also occurs absorption of   uid 
from the peritoneal cavity, largely across tissue beds and par-
tially via lymphatics. 127  Intraperitoneal volume at any time 
is determined by the relative magnitudes of transcapillary 
UF and tissue reabsorption and lymphatic reabsorption. Net 

limiting overall clearances); and (5) inappropriate selection 
of dialysate glucose for long dwells that may not maximize 
UF and clearance. 

 Other problems are speci  c for those patients on cycler 
therapy: (1) the drain time may be inappropriately long (more 
than 20 minutes), (2) inappropriately short dwell times may 
not maximize clearances, (3) failure to augment total dialysis 
dose with a daytime dwell (“wet” day versus “dry” day), and 
(4) inappropriate selection of dialysate glucose may not  allow 
maximization of UF, resulting in less total clearance. One 
may be able to achieve weekly urea clearance targets, but not 
creatinine or middle-molecule clearance targets, with short 
dwell times, as in NIPD. A shortened time with   uid in the 
peritoneum is accompanied by decreased middle-molecule 
clearances and this may have an adverse effect on outcomes. 
It appears reasonable to state that when patients become an-
uric, they must maximize their “time” (most of day) on dialy-
sis to maintain middle-molecular-weight clearances. 

TA B L E

 Greater probability of survival 26–29

 Lower morbidity 
  Hospitalizations 108  
  Peritonitis rates 108  
  Technique survival 

 Cardiovascular 
  Lower total body and extracellular water 107  
  Better control of blood pressure 109  
  Lower left ventricular mass index 1  

 Nutritional status 
  Higher dietary nutrient intakes 53,112  
  Higher serum albumin 1,27,113  
  Better nutritional status 2,111,113  

 Anemia management 
  Higher hemoglobin 1,113  

 Divalent ion metabolism 
  Better control of serum phosphorus 111,113  

 Lower levels of circulating putative uremic toxins 
  Low molecular weight like    1-microglobulin, alkaline 

 RNAse 3  
  “Middle molecules” 115  
  Advanced glycosylation end-products like carboxy-

methyllysine 114  

 Better quality of life 40,41,116  

 Reported Bene  ts of Residual  Renal 
Function in Patients Undergoing 
 Peritoneal Dialysis 

TA B L E
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PD prescription does not necessarily imply that there must 
be a pathologic alteration of the peritoneal membrane itself. 
Other possible causes include catheter malfunction, inade-
quate selection of tonicity of dextrose or icodextrin, inappro-
priately long dwell times,   uid sequestration, including, as 
recently described, retroperitoneal leakage, 131 and failure to 
match dwell time to peritoneal membrane transport status. 75

Among CAPD patients, ultra  ltration failure may be 
de  ned as clinical evidence of   uid overload despite re-
striction of   uid intake and the use of three or more hy-
pertonic (4.25% dextrose) exchanges per day. 132 However, 
other de  nitions have been used in various publications; 
therefore, the exact incidence of UF failure is unknown. 
At one center, UF failure was observed in 6.2% of 227 
CAPD patients over 10 years and the risk increased with 
time on PD. 133 The prevalence was 2.6% after 1 year on 
PD and 30.9% after 6 years. If one considers a more rigid 
de  nition, such as one de  ned by the ability to generate 
an UF volume of at least 400 mL after 4 hours of dwell 
with 4.25% dextrose, the true incidence is rather low. As 
discussed previously, clinical symptoms consistent with UF 
failure are not always caused by an actual loss of peritoneal 
UF capacity. The   rst steps in the evaluation of a patient 
with suspected UF failure are to rule out dietary indiscre-
tions, determine urine volume, and establish whether net 
ef  uent drain volume and/or peritoneal transport have 
changed. Apparent loss of UF is potentially reversible if 
caused by catheter malposition, dialysate leak, or recent 
peritonitis, but usually is permanent if kinetic studies sug-

UF at the end of any dwell is de  ned as the difference be-
tween drained volume and instilled volume. This de  nition 
assumes that the residual intraperitoneal volume is constant, 
which is often not the case. This variation is insigni  cant for 
day-to-day clinical practice. 128,129

Ultra  ltration rates are highest at the beginning of the 
dwell. As glucose is absorbed and its concentration is diluted 
by in  ux of ultra  ltrate, UF decreases as osmotic  equilibrium is 
approached. Depending on the concentration of instilled glu-
cose, osmotic equilibrium is reached at different times in the 
dwell cycle. For 2-L solutions containing 1.5% dextrose, os-
motic equilibrium and maximal drain volume are reached after 
about 2 hours of dwell time in patients with average peritoneal 
membrane transport characteristics. For 4.25% dextrose solu-
tions, peak intraperitoneal volumes are not likely to occur until 
after 3 or 4 hours. 77 As osmotic equilibrium is approached, 
intraperitoneal volume and ultimate drain volume decrease 
owing to isosmotic absorption of   uids. In CAPD patients, this 
absorption rate ranges from 40 to 60 mL per hour and is at-
tributable both to bulk absorption of   uid across the peritoneal 
membrane and lymphatic drainage of the peritoneum. 130

 Ultra  ltration Failure 
UF failure represents a failure to maintain volume homeo-
stasis. This de  nition implies that clinically, UF failure can 
result from either loss of residual renal function, inadequate 
  uid removal by PD, patient nonadherence to the therapy, 
or excessive salt and water intake. Furthermore, failure to 
remove adequate amounts of salt and water by the current 

 Summary Results of Some of the Studies That Have Compared the Rate of Decline of 
Residual Renal Function among Hemodialysis and Peritoneal Dialysis Patients 

TA B L E

Author
Patient no. 
HD/PD

Study
Design  Baseline Measure

Index of 
Renal
Function

% Decline/Month 
(HD/PD)

PD Decline 
Rate, % of 
HD Rate

Rottembourg4 25/25  Prospective  Predialysis  Ccr 6.0/1.2  80

Cancarini5 75/86  Retrospective  Pre- and postdialysis  Ccr 5.8/2.9  50

Lysaght6 57/48  Retrospective  Pre- and postdialysis  Ccr 7.0/2.2  69

Misra2 40/103  Retrospective  Postdialysis  Mean  7.0/2.2  69

Lang7 30/15  Prospective  Dialysis start  Ccr 9.4/5.0  47

Jansen8 279/243  Prospective  Predialysis  Mean  10.7/8.1  24

McKane9 d 300/175  Retrospective  Pre- or postdialysis  Urea Cl  Rate of decline similar 
in HD and PD

aCcr, timed creatinine clearance
bMean, mean of timed urea and creatinine clearances.
cUrea Cl, timed urea clearance.
dAll HD patients dialyzed with high   ux dialyzers and ultrapure water.

83.9
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 FIGURE 83.5 Algorithm for loss 
of ultra  ltration in continuous am-
bulatory peritoneal dialysis (CAPD) 
patients.  D/P CR,  dialysis:plasma 
creatinine ratio. (From Mujais S, 
Nolph K, Gokal R, et al. Evaluation 
and management of ultra  ltration 
problems in peritoneal dialysis. 
International Society for Peritoneal 
Dialysis Ad Hoc Committee on Ul-
tra  ltration Management in Perito-
neal Dialysis.  Perit Dial Int.  2000;20 
Suppl 4:S5–21.) 
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gest a reduction in UF capacity of the membrane. A rational 
approach to the patient with suspected UF failure is found 
in Figure 83.5. 

 Ultra  ltration Failure and High Solute 
Transport 
 Patients with loss of UF and current 4-hour PET ratios of D/D 0  
glucose of less than 0.3 and D/P creatinine of greater than 0.81 
are characterized as high solute transporters (see Fig. 83.2). 
These patients tend to have rapid small-molecular-weight 
 solute transport and poor UF owing to high (rapid) glucose 
absorption and resultant rapid dissipation of the osmotic gra-
dient. These patients are the largest group with true UF failure. 
Some patients have these transport characteristics at baseline 
and, if their dwell times are mismatched for their membrane 
transport characteristics, they often appear to have UF failure as 
they lose residual renal function and no longer have urine   ow 
to supplement dialysate daily   uid losses. In other patients, 
the loss of UF is owing to an increase in membrane transport. 
This increase is caused by either an acquired increase in trans-
port (formerly called type I membrane failure) or membrane 
changes associated with a recent episode of peritonitis. 

 Recent Peritonitis 
 It is a common clinical experience for PD patients to experi-
ence   uid retention during peritonitis. Compared to base-
line, a PET performed during peritonitis reveals an increase 
in the D/P ratio for creatinine and a decrease in the D/D 0  
ratio for glucose. There is also an increase in dialysate pro-
tein losses and a signi  cant decrease in net UF. 134  In order 
to maintain UF during episodes of peritonitis, patients often 
need a temporary change in their standard dialysis prescrip-
tion (shorter dwell times or increased tonicity) to maintain 
UF. Several studies have indicated that UF during an episode 
of peritonitis can be maintained with alternative osmotic 
agents such as icodextrin. 135  

 Acquired Increase in Membrane Transport 
 An acquired increase in peritoneal transport over time on 
PD (formally called type I membrane failure) can cause 
chronic UF problems in CAPD. PET con  rms high or high 
average transport rates with resultant rapid glucose ab-
sorption, loss of the osmotic gradient, and a decrease in 
net transcapillary UF. In contrast to the situation seen with 
peritonitis, where transport changes and protein losses 
usually are transient, small-solute transport changes and 
protein losses are more permanent with acquired loss of 
UF capacity. 136  There also tends to be less of a decline in 
dialysate sodium owing to the sodium sieving with con-
vective transport. These changes are thought to result from 
an increase in  effective surface area of the peritoneal mem-
brane, supported by biopsy data showing an increase in 
vascular density in the membranes of long-standing PD 
patients. 137  

 Risk factors for developing membrane changes are 
not   rmly established but the incidence of an increase in 
membrane transport seems to increase with time on PD, 
implicating prolonged exposure of the peritoneum to 
 dialysate as a possible cause. Davies et al. retrospectively 
analyzed glucose exposure in two patient cohorts: those 
whose transport characteristics were stable over 5 years 
and those who exhibited an increase in membrane trans-
port over the same length of time. They found that the 
patients who were destined to exhibit increased transport 
over time had been exposed to a greater glucose load from 
the inception of peritoneal dialysis, strongly suggesting a 
relationship. 138  Similarly, among patients who were fol-
lowed in the EAPOS study, those on icodextrin were less 
likely to have ultra  ltration problems than those on glu-
cose. 139  This limited clinical evidence is consistent with a 
substantially more robust body of laboratory data linking 
the high glucose degradation products, glucose degrada-
tion products, and advanced glycosylation products to the 
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 Aquaporin Dysfunction 
 Aquaporin dysfunction is a very rare condition. 145  Patients 
with suspected aquaporin dysfunction have damage to, de-
creased number of, or no water channels (ultra-small pores) 
that can lead to de  cient crystalloid-induced UF. 146  These 
patients are diagnosed clinically by   nding less than 400 mL 
of UF with a 4.25% PET and lack of sodium sieving early in 
the dwell. However, one must be careful to exclude patients 
who are very rapid transporters. Rapid transporters do ex-
hibit sodium sieving, but it occurs so early in the dwell that 
if looked for after 60 to 90 minutes of dwell time it may be 
masked. These patients should respond clinically to use of 
colloid osmotic agents (such as icodextrin), which achieve 
ultra  ltration through a different mechanism and are not de-
pendent on the water channels for UF. 

 Ultra  ltration Failure and Low Solute 
Transport 
 Patients with UF failure and low (slow) solute transport (D/
D 0  glucose of more than 0.5 and a D/P creatinine of less 
than 0.5) tend to have inadequate small-solute clearances as 
well. Poor UF occurs despite the maintenance of adequate 
osmotic gradients. These patients are found to have a loss of 
functional peritoneum and the differential should include: 
peritoneal sclerosis (formally called type II membrane fail-
ure) or multiple peritoneal adhesions and, at times, patients 
with high lymphatic absorption rates. These patients often 
require transfer to HD. 

long-term anatomic and functional changes seen in the 
peritoneal membrane. 

 Most cases can be managed by shortening dwell times 
and using icodextrin solution for the long dwell. Because 
these patients have high (rapid) transport of small solutes, 
they have adequate urea and creatinine clearances even with 
short dwell exchanges. Occasionally, resting the peritoneum 
for at least 4 weeks through temporary transfer to HD has 
been associated with an improvement. 140  

 Patients with apparent ultra  ltration failure due to  rapid 
solute transport should be strongly considered for treat-
ment with icodextrin, a slowly metabolized glucose poly-
mer which acts as a colloid osmotic agent. Clinical  studies 
have shown icodextrin to be a safe and effective  alternative 
to glucose. 141  Although the rate of UF with icodextrin is 
slower than that with dextrose, the effect of icodextrin per-
sists much longer, making it suitable for ultra  ltration dur-
ing long dwells of up to 14 to 16 hours. In both CAPD 
and APD patients, icodextrin has been shown to provide 
ultra  ltration superior to that with either 2.5% or 4.25% 
dextrose. 103,142  This is associated with decreases in total 
body and extracellular   uid water, lower blood pressure, 
and, possibly, regression of left ventricular hypertrophy 
(LVH). 143  Although icodextrin is approved for only a single 
dwell in the United States, it has recently been reported that 
the use of icodextrin in two daily exchanges in CAPD pa-
tients improved volume status and LVH. 144  With the use of a 
combination of short dwells with dextrose-based solutions 
and icodextrin for the long dwell, it is usually possible to 
achieve adequate small-solute clearances and   uid removal 
in these patients; yet, a minority may require transfer to HD 
for volume and blood pressure control. 

 Ultra  ltration Failure and No Change or 
Average Solute Transport 
 Loss of UF in patients with no change or average transport 
characteristics tends to result from catheter malfunction, 
  uid leaks, excessive lymphatic reabsorption (formerly type 
III membrane failure), or aquaporin dysfunction. If loss of 
UF is owing to catheter malfunction or   uid leaks, the pa-
tients do not have a functional change in their membrane 
and usually can be maintained on PD after the problem has 
been resolved. 

 Excessive Lymphatic and Tissue Absorption 
 Excessive lymphatic absorption is a very uncommon cause 
of membrane failure related to excessive rates of lymphatic 
and tissue absorption of   uid from the peritoneal cavity. 132

Although these patients may not have a signi  cant change in 
D/P values when compared to baseline, they do have drain 
volumes after 4 hours of dwell that are less than baseline 
values or that which would be expected based on standard 
therapy. A further diagnostic clue is that these patients tend 
to have higher dialysate sodium concentration during the 
dwell than controls (Fig. 83.6). 

 FIGURE 83.6 Dialysate sodium concentrations as a function of 
time in patients using 4.25% dextrose exchanges over 6-hour 
dwells. Results are compared in patients with normal ultra  ltra-
tion kinetics ( hollow squares ), those with high lymphatic absorp-
tion rates ( solid triangles ), and those with high glucose absorp-
tion rates ( hollow triangles ). (From Heimburger O, Waniewski J, 
Werynski A, et al. Peritoneal transport in CAPD patients with per-
manent loss of ultra  ltration capacity.  Kidney Int.  1990;38:495, 
with permission.) 
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product peritoneal dialysis solution has been offered as a so-
lution that is potentially more biocompatible. This claim is 
supported by animal studies and surrogate measures of peri-
toneal health in humans (higher concentrations of CA-125
and lower concentrations of pro  brotic biomarkers). How-
ever, there are no data on the long-term effect of these solu-
tions on either the structural or functional characteristics of 
the peritoneal membrane. Furthermore, the hope for a better 
preservation of residual renal function with these solutions 
has not been con  rmed in three randomized, controlled tri-
als.124–126 Although previous studies showed no evidence for 
reduced episodes of peritonitis with these solutions, the re-
cently published balANZ study reported longer time to the 
  rst episode of peritonitis in patients using a neutral pH, low 
GDP dialysate. Note however, that this study too demon-
strated no bene  cial effect on residual kidney function.126a

There is no evidence for lower peritonitis rates with these 
solutions. Finally, an observational study from Korea dem-
onstrated a lower risk for death in patients treated with low 
glucose-degradation product solutions. 147 These   ndings, 
although provocative, cannot be considered de  nitive. Thus, 
there are limited data that support a widespread use of low 
glucose-degradation product solutions. 

Lactate is the most commonly used base but neutrophil 
function is better preserved with bicarbonate-containing 
dialysate compared to lactate-containing dialysate although 
bicarbonate with a high glucose concentration remains cy-
totoxic.148 Lactate-containing dialysate with neutral pH is 
much less inhibitory of superoxide generation by neutro-
phils compared to standard lactate dialysate and is almost 
similar to bicarbonate-containing dialysate. Bicarbonate 
containing dialysate is feasible, in that the bicarbonate and 
dextrose can be kept in separate compartments and com-
bined prior to infusion. 149 Two-chambered bicarbonate 
lactate-buffered PD   uid confers better phagocytosis and is 
associated with lower glucose degradation products com-
pared to standard dialysate. 150 Use of bicarbonate-contain-
ing dialysate has been shown to improve peritoneal macro-
phage function. 151,152 Despite the in vitro data, bicarbonate 
solutions have not shown protection against peritonitis in 
patients. In a randomized controlled trial, bicarbonate-based 
peritoneal dialysis solutions were associated with signi  cant 
lower severity of infusion pain. 153 Furthermore, a recent ob-
servational study from Korea has demonstrated a lower risk 
for death in patients treated with bicarbonate-based perito-
neal dialysis solutions. 147 However, given the non-random 
assignment of patients to the different PD solutions, these 
  ndings cannot be considered de  nitive. 

As mentioned previously, the glucose polymer ico-
dextrin is an alternative to dextrose, particularly in high 
transporters. Dextrose is rapidly absorbed during a dwell, 
thus decreasing the osmotic gradient and leading to con-
siderable caloric load. Glucose polymers are isosmolar; UF 
is obtained through colloid osmosis. Several randomized 
controlled trials have now demonstrated a higher UF vol-
ume, and lower extracellular water in patients treated with 

 DIALYSATE SOLUTIONS 
Over the last three decades, a large number of patients have 
been successfully treated with conventional peritoneal di-
alysis solutions (Table 83.10) for long periods of time. 
However, several concerns have been identi  ed with these 
solutions. First, the solutions are unphysiologic in that they 
are hyperosmolar, contain very high concentrations of glu-
cose, and heat-sterilization generates toxic glucose degrada-
tion products. A large body of laboratory data and several 
observational clinical studies suggest that long-term use of 
conventional solutions results in structural and functional 
changes in the peritoneal membrane that limits its use as 
a long-term dialysis membrane. Peritoneal biopsies from 
patients on long-term peritoneal dialysis demonstrate me-
sothelial cell denudation, submesothelial   brosis, neovas-
cularization, and vasculopathy that primarily affects the 
postcapillary venule. This is associated with an increase in 
peritoneal solute transport rate and results in ultra  ltration 
failure in up to 30% of patients after 6 years of the therapy. 
Second, there are limitations with the use of glucose as an 
osmotic agent, particularly in the long dwells—these are 
the overnight dwell in a CAPD patient, and the day dwell 
in an APD patient. Absorption of glucose across the perito-
neal membrane and dilution by the ultra  ltrate results in a 
progressive decline in glucose concentration, and hence, the 
ultra  ltration gradient during long dwells. In some patients 
this can result in net   uid reabsorption during long dwells 
and make it dif  cult to achieve euvolemia. Third, systemic 
glucose absorption can result in unwanted weight gain and 
is associated with a more atherogenic lipid pro  le. Fourth, 
the low pH of the   uid can cause infusion pain, particu-
larly in the presence of peritonitis. Finally, concern has been 
raised that the unphysiologic peritoneal dialysis solutions 
can impair neutrophil and phagocyte function and increase 
the risk for and/or severity of peritonitis. 

In order to overcome some of these limitations, several 
advanced peritoneal dialysis solutions have been introduced 
and are commercially available in different parts of the 
world. Glucose-based, lactate-buffered low glucose-degradation 

TA B L E

Dextrose, measured in g/dL (%) as the hydrous dextrose, 
available as 1.5%, 2.5%, and 4.25% 

Sodium, measured as mEq/L, available at 132 
Chloride, measured as mEq/L, available at 102, 96, and 95 
Lactate, measured as mEq/L, available at 35 and 40 
Calcium, measured as mEq/L, available at 2.5 and 3.5 
Magnesium, measured as mEq/L, available at 0.5 and 1.5 
Bag volumes, measured in L, available at 0.25, 0.5, 0.75, 

1.0, 1.5, 2.0, 2.5, 3.0, 5.0, and 6 

 Dialysate Composition 83.10
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that is directly lateral is best achieved with a straight catheter 
whereas an exit site in the lower abdomen that is pointed 
downward is best obtained with a swan-neck catheter. A 
modi  cation of the swan-neck catheter with a presternal 
exit site had excellent 2-year survival of 95% in the hands 
of an experienced team. 165 Placement of a 5- to 10-g weight 
at the tip of the intra-abdominal portion of the catheter has 
also been shown to decrease catheter migration. Use of this 
“self-locating” catheter was shown to result in signi  cant de-
creases in catheter dislocation, peritonitis, tunnel infections, 
cuff extrusion, leakage, and obstruction with a concomitant 
improvement in overall catheter survival. 166,167

 Peritoneal Catheter Placement 
The location of the exit site should be discussed with the 
patient prior to catheter placement to avoid the beltline. Pre-
operative laxatives are indicated for constipation, commonly 
present in patients because of phosphate binders, and an im-
portant cause of catheter malfunction. 168 The patient should 
void prior to the procedure; if the patient has a neurogenic 
bladder, then urethral catheterization is performed. Place-
ment can be done either with local anesthesia and sedation 
or general anesthesia. The patient usually does not require 
overnight admission. Prophylactic antibiotics (generally a 
cephalosporin) for catheter placement, given before the skin 
incision, decrease the risk of catheter-related peritonitis. 169

Most PD catheters are inserted by a surgeon using a 
dissection technique. A small paramedian incision is made 
overlying the rectus sheath down through the muscle to the 
peritoneum. The catheter is inserted so that the deep cuff is 
within the rectus muscle and the tip is in the deep pelvis. 
A purse string of nonresorbable suture (to decrease the risk 
of subsequent leaks) is placed where the catheter enters the 
peritoneum. Catheter function is assessed intraoperatively 
by infusing and draining   uid. The subcutaneous tunnel is 
formed such that the super  cial cuff is 3 cm from the skin 
surface and is directed downward or pointed laterally. A 
small exit site wound formed by a tapered tunneling device 
of the same diameter as the catheter is best for minimizing 
trauma and decreasing the risk of subsequent exit site in-
fection and catheter-related peritonitis. 170 If needed, the exit 
site should be closed with Steri-Strips (3M, St. Paul, MN); 
sutures should be avoided in order to decrease the risk of 
wound infection with a foreign body. 

Placement via a laparoscopy is increasingly commonly 
used. This technique allows direct intra-abdominal visualiza-
tion.171 Adhesions can be avoided and the tip of the catheter 
placed to allow optimal catheter function. In a randomized 
comparison of laparoscopic versus conventional dialysis cath-
eter insertion (both done by surgeons) outcomes were not 
different except that the conventional placement was faster 
(14 vs. 22 minutes, P   .0001). 172 However, a recent report 
studied the outcomes of over 400 laparoscopically placed 
catheters in which adjunctive procedures (e.g., rectus sheath 
tunneling, omentopexy, adhesiolysis, or resection of epiploic 
appendices) were employed as well. The catheter survival rate 

icodextrin.102,103,142,143 This reduction in extracellular vol-
ume has been shown to be associated with regression of left 
ventricular hypertrophy in CAPD patients using icodextrin 
for the long overnight exchange. Peritonitis results in in-
creased degradation of icodextrin, an increase in dialysate 
osmolality, and, therefore, increased ultra  ltration, in strik-
ing contrast to the changes seen with glucose dialysate in 
peritonitis.154 Observational studies demonstrate a better 
preservation of peritoneal membrane function and lower 
mortality in patients treated with icodextrin. 139,147 However, 
none of these   ndings can be considered conclusive. 

Amino acid–containing dialysate has been proposed as 
an alternative to glucose-containing dialysate. Polymorpho-
nuclear cell function is not impaired by amino acid dialysate 
in contrast to dextrose-containing dialysate. 155 Amino acid 
dialysate has similar small- and large-molecular-weight sol-
ute transport and UF to equimolar dextrose dialysate. 156 The 
use of one exchange each day of a 1% amino acid dialysate 
for 6 months improved nitrogen balance, but did not result 
in a rise in the serum albumin. Disadvantages of amino acid 
dialysate include a rise in the blood urea nitrogen level and 
a fall in the bicarbonate; therefore, close attention must be 
paid to urea nitrogen clearance to prevent uremia and oral 
sodium bicarbonate often is necessary during use of amino 
acid dialysate. 157 Amino acid–containing dialysate is not 
available in the United States. 

 CATHETERS 
 Types of Peritoneal Catheters 
The Tenckhoff catheter originally designed by Palmer and 
modi  ed by Tenckhoff continues to be used in the majority 
of PD patients. 158–160 A number of variations are available. 
The straight or curved subcutaneous portion may have one 
or two cuffs. Double-cuffed catheters are used in the major-
ity of patients. The intra-abdominal portion of the catheter 
may be straight or coiled. Coiled catheters were designed to 
decrease out  ow problems and infusion pain but appear to 
have similar complication rates as straight Tenckhoff cath-
eters.160 Although there are plausible bene  ts to coiled and 
double-cuffed catheters, prospective studies comparing dif-
ferent catheter designs have not shown a difference in infec-
tions or need for catheter replacement. 161

To decrease migration of the intra-abdominal portion 
and exit-site infections, Twardowski and associates 162 de-
signed a catheter with a curved subcutaneous pathway in 
which both the internal and external exit sites are down-
ward (swan-neck catheters). Prospective comparisons of 
swan-neck and straight catheters have consisted of small 
trials. From the trials, it appears that swan-neck catheters 
have a lower incidence of catheter migration than straight 
catheters although there is no clear difference in infectious 
complications or other mechanical complications. 163,164

Given the overall equivalency of outcomes, the choice of a 
straight or swan-neck catheter often is predicated upon the 
location of the exit site. An exit site in the upper abdomen 
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healing, patients with a failing kidney transplant, or other 
conditions for which long-term corticosteroids are pre-
scribed. During the break-in period, the catheter should be 
  ushed several times with 1 L of dialysate or saline until 
the ef  uent is clear and then capped until training begins. 160

However, PD can be started within hours of placement of 
the catheter, if clinically indicated. Under such circumstanc-
es, the patient may initiate low-volume supine PD—best 
achieved with a cycler. 181

Postoperative sterile dressing changes until healing takes 
place may help reduce infection risk. The surgical dressing 
should be left intact for 1 week unless there is bleeding. The 
exit site should be kept dry until well healed—this may re-
quire up to 2 weeks. During this interval, patients should 
not shower or bathe in tubs—personal hygiene should be 
performed with sponge baths. Once healed, many centers 
advise washing the exit site with bactericidal soap and wa-
ter during routine bathing. Once the exit site is well healed, 
swimming in chlorinated pools or the ocean is permitted, 
but swimming in creeks or ponds or the use of hot tubs 
should be avoided, because this may result in infection. 182

 Mechanical Complications 
Early inadequate out  ow occurs after 7% of catheter 
insertions, requiring replacement in one half of these pa-
tients.183,184 Constipation may lead to shifting of the catheter 
position, drainage failure, but only rarely catheter loss. Ide-
ally, the catheter tip should be in a pelvic gutter, because this 
location ensures good hydraulic function of the catheter and 
minimizes risk of omental entrapment. 185 Tip migration to 
the epigastric or hypochondrial regions is generally associ-
ated with dysfunction. 183,184 Poor drainage owing to catheter 
malposition in the upper quadrants may be corrected by sur-
gical repair (either open or laparoscopically). 

There are other causes of catheter dysfunction in addi-
tion to catheter malposition. One- or two-way obstruction 
may result from clots or   brin within the lumen. Forcibly 
  ushing with heparinized saline may resolve this problem, 
but   brinolytic agents may be effective if this fails. 186,187

Omental obstruction may necessitate omentectomy, espe-
cially in children. 179,183 Omentopexy or partial omentectomy 
at catheter placement improves catheter survival; the latter is 
performed routinely in children. 188

Peritoneal dialysate leaks, which may occur at several dif-
ferent locations, 189develop in 5% to 10% of catheters in the 
immediate postoperative period 183,184 and in 2% to 4% 184 of 
catheters later in the course of CAPD. Dialysate leaking from 
the exit site presents as clear   uid that is strongly test strip–
positive for glucose. Leaks at the internal cuff may present as 
abdominal wall edema. These leaks may result from the use 
of resorbable suture material at the deep cuff, placement in a 
median rather than paramedian site, early initiation of CAPD, 
or hernia formation. 190,191 Computed tomography (CT) scan 
peritoneography (using Omnipaque, 50 mL/L of dialysate) 
is the best way to evaluate leaks and hernias. 192 A dialysate 
leak may resolve with PD in the supine position or temporary 

was 99% at an average of 21 months follow-up; the revision 
free survival was 96%. 171 The laparoscope may be particularly 
useful in patients with previous surgery or when placement 
by dissection results in a nonfunctioning catheter. 

Blind percutaneous catheter placement may be used for 
placement of a catheter for acute renal failure to be used for 
a short time. However, for chronic dialysis patients, it does 
not allow a peritoneal examination nor does it allow surgi-
cal repair of intra-abdominal abnormalities, such as herni-
orrhaphy or omentopexy. 170 Additionally, the risk of bowel 
perforation makes percutaneous placement a less desirable 
technique. On the other hand, percutaneous placement un-
der   uoroscopic guidance can be successfully used in a large 
proportion of uncomplicated cases. 173

To decrease the risk of peritonitis from the forma-
tion of a bio  lm, Moncrief and coworkers 174 developed a 
new insertion technique (Moncrief-Popovich technique). 
At insertion, the entire external portion of the catheter is 
buried in abdominal wall subcutaneous tissue. Three to 5 
weeks later, the catheter is externalized via a small incision, 
which becomes the exit site. Burying the external portion 
of the catheter for up to 2 years does not change technique 
survival.174a Data regarding a possible decrease in infectious 
rates with this technique are con  icting. 175,176 A recent, large 
nonrandomized study did show a decrease in infections and 
leaks and an increase in catheter survival. 177 This technique 
has been employed for use with presternal as well as ab-
dominal catheters. 178 Of note, however, use of the Moncrief- 
Popovich technique does appear to allow for earlier patient 
acceptance of catheter placement, analogous to the early 
placement of arteriovenous   stulas in patients planning to 
perform hemodialysis. Furthermore, because of the previ-
ous healing period, no “break in” period is required and full 
dose peritoneal dialysis may be started immediately upon 
externalization of the catheter. 

Children require special consideration. In infants, the 
exit site is located above the diaper area to prevent contami-
nation. Partial omentectomy is useful to prevent out  ow 
problems. In boys, herniotomy and ligation of patent pro-
cessus vaginalis at the time of catheter placement decrease 
the risk of subsequent inguinal hernia and hydrocele. 179

Perforation of the bladder or bowel or laceration of the 
spleen is an uncommon occurrence, but adhesions increase 
the risk. Perforation of a hollow viscus should be considered 
if the ef  uent is feculent or when watery diarrhea, polyuria, 
or watery vaginal discharge occurs with infusion of dialysate. 
Minor bleeding frequently occurs after catheter insertion, 
but generally stops quickly and spontaneously. 180 Flushing 
the catheter with heparinized dialysate (500 U/L) is useful to 
clear the catheter and prevent blockage by clots. 

 Postoperative Management and Exit Site Care 
If possible, initiation of PD is postponed by about 2 weeks 
from the time of catheter placement to allow healing and 
prevent leaks (“break-in”). The break-in period may need to 
be longer in patients who may have problems with wound 
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 dialysate (see later) any patient on PD who presents with ab-
dominal pain should be considered to have peritonitis until 
proved otherwise. 

 An exit site infection is de  ned by the presence of pu-
rulent drainage, with or without erythema, at the  catheter 
exit site. 195  Induration and tenderness at the exit site are 
 abnormal and may indicate infection. In the absence of 
drainage, erythema of the exit site (which is normally   esh 
colored) does not necessarily indicate the presence of infec-
tion; erythema may result from irritation or trauma to the 
exit site, 199  but is seldom associated with catheter loss unless 
drainage also is present. 168  Nonpurulent drainage and crust-
ing of the exit site do not necessarily represent infection, nor 
does a positive culture of a normal-appearing exit site. 

 An infection of the subcutaneous catheter (or  “tunnel 
infection”) is present when there is pain, tenderness, ery-
thema, or induration over the subcutaneous pathway. Tun-
nel infections most often occur in the presence of an exit 
site infection. 195  Tunnel infections may be clinically occult. 
This has been shown by numerous studies using sonogra-
phy of the subcutaneous tunnel in patients with exit site 
infections. 200  When peritonitis occurs in conjunction with 
an exit site infection owing to the same microorganism 
(particularly  Staphylococcus aureus  or  Pseudomonas aeru-
ginosa ), the presumption should be that there is a tunnel 
infection. 201

 PD-related infections remain a major problem. Such in-
fections are responsible for the majority of catheter loss and 
contribute to transfer of the patient to HD. 202,203  Peritonitis 
is a major cause of hospitalization (Fig. 83.7). 204  Peritonitis 
occasionally results in death, either directly from sepsis or 
indirectly from ensuing complications such as cardiovascu-
lar disease. 205,206  

cessation of PD (using HD). 189  Dialysate leaks from the exit 
site often are associated with infection; thus prophylactic an-
tibiotics should be given. 193  If a leak occurring more than 1 
month after catheter insertion does not resolve within 4 days 
of reduced dialysate volumes, or if it recurs after full volumes 
are resumed, surgical correction generally is required. 194  

 Diagnosis of Peritoneal Dialysis-Related 
Infections 
 A diagnosis of peritonitis is made when a patient has two of 
the following three: (1) cloudy peritoneal ef  uent and ab-
dominal pain, (2) white blood cell count    100 cells/L with 
more than 50% polymorphonuclear cells, and (3) positive 
Gram stain or culture. 195  The patient usually does not have 
a fever. The ef  uent white blood cell concentration is a less 
sensitive indicator of peritonitis if the patient is already on 
antibiotics or if the patient is on automated PD who has ei-
ther a dry abdominal cavity or has had   uid for a short period 
of time at the time of presentation. In these circumstances, 
the percentage of neutrophils (more than 50%) is more useful 
than is total white blood cell concentration. 

 The optimum technique for culture of peritoneal di-
alysate consists of centrifugation of 50 mL of peritoneal 
 ef  uent at 3,000 g for 15 minutes followed by resuspen-
sion of the sediment in 3 to 5 mL of sterile saline and cul-
ture on both solid and liquid media. 195  More commonly, 
however, 5 to 10 mL of dialysis ef  uent is injected directly 
into blood culture bottles. When processed in this fash-
ion the culture is “sterile” in approximately 14% to 20% of 
episodes that meet the criteria for peritonitis based on cell 
count. 196  A fastidious microorganism that has not grown 
in culture probably causes most of these episodes. When 
subsequently recultured, a microorganism is identi  ed in 
one third. 197  Also, recent antibiotic exposure can render 
dialysate “sterile,” despite active peritonitis. Mycobacteria 
always should be considered in peritonitis that is culture 
negative. Such patients have cloudy ef  uent, abdomi-
nal pain, and fever. Extraperitoneal TB is not necessarily 
present. Polymorphonuclear cells predominate in the ef-
  uent and, thus, do not distinguish  Mycobacterium  peri-
tonitis from bacterial peritonitis. Acid-fast bacillus (AFB) 
smears of the ef  uent, even examining three concentrated 
specimens, are seldom positive; therefore, the diagnosis is 
generally made on culture, delaying treatment for weeks. 
Peritoneal tissue cultures are more optimal than culture of 
peritoneal   uid. 

 Approximately 6% of patients with culture-positive ef-
  uent present with abdominal pain and clear ef  uent. 198  A 
delayed ef  uent cell reaction occurs in two thirds of these 
patients, but one third never develop an appropriate cellu-
lar response to infection. When not experiencing peritonitis, 
such patients have a lower dialysate cell count (particularly 
macrophages and CD4 lymphocytes) and a delayed produc-
tion of interleukin -6 and -8, compared to other patients. 
Though there are truly noninfectious causes of cloudy 

 FIGURE 83.7 Causes of 274 hospitalizations for 126 peritoneal 
dialysis patients, as percentages. (From Fried L, Abidi S, Bernar-
dini J, et al. Hospitalization in  peritoneal dialysis patients.  Am J 
Kidney Dis.  1999;33:927, with  permission.) 
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weighted toward the trial by de Fijter et al. 220  In this study, 82 
patients were randomized to APD or CAPD. Patients on APD 
had close to a 50% reduction in peritonitis. However, in an 
analysis of the USDRS database, patients on CAPD appeared 
to have a lower peritonitis rate than patients on APD. 221  A 
small study suggests that NIPD may be associated with lower 
infection rates, perhaps due to enhanced peritoneal immune 
function as a consequence of the abdomen being kept dry for 
a portion of the day. 222  However, most of these studies were 
undertaken prior to the widespread use of the double-bag sys-
tem for CAPD; with use of contemporary connectology, the 
difference in peritonitis rates between CAPD and APD, if any, 
is small and not clinically signi  cant. 

 Catheter Infections 
 The International Society for Peritoneal Dialysis has published 
comprehensive reviews of the approach to infectious compli-
cations in the PD patients. 195,223  The reader is referred to those 
articles for details; the following text is a broad  overview. 

 There is marked variation in reported rates of exit site 
infections, in part because of differing de  nitions and because 
exit and tunnel infections are not always reported separately. 
Furthermore, much of the infection data precedes recent in-
novations in connector technology and prophylactic treat-
ment. In a randomized controlled trial of mupirocin versus 
gentamicin prophylaxis, the rate of exit site infections in the 
mupirocin group was 0.54, similar to previous  studies. 224  The 
rate of clinically obvious tunnel infection is 0.19 per year 225 ; 
however, when an exit site infection is present,   uid collec-
tions along the subcutaneous pathway can be frequently dem-
onstrated by ultrasound examination. Tunnel involvement is 
common when an exit site infection is  concurrent. 200,226  

 Microorganisms causing exit site infections are shown in 
Table 83.11. 227,228  The most common organism causing exit 
site and tunnel infections is  S. aureus,  which may be dif  cult 

 Connection Devices 
 Evolution of connection techniques over time have resulted 
in a dramatic lowering of peritonitis rates, particularly those 
owing to organisms such as coagulase-negative  Staphylococcus . 
For many years, the standard connection system was a straight 
line with an empty dialysate bag attached to the patient be-
tween dialysis exchanges. The exchange was performed man-
ually. The straight line system has been replaced with safer 
connection systems, such as the Y-set and double-bag system. 
With the Y-set, the patient connects the catheter to a Y-set of 
tubing attached to a full dialysate bag and an empty bag. The 
patient sequentially   ushes dialysate through the line into the 
drain bag to clear air, then drains the ef  uent from the perito-
neum, infuses the fresh dialysate, and disconnects the Y tub-
ing, either capping the catheter or snapping off the tubing. 
This strategy is known as “  ush before   ll” and was initially 
brought into practice by Buoncristiani. 215  The double-bag 
system is a further improvement in technology, because both 
the drain and   ll bags are already attached to the Y tubing; 
therefore, the only possible site of contamination is during the 
connection the patient makes to the exchange tubing attached 
to the catheter. Peritonitis rates are signi  cantly lower with the 
double-bag system compared to the Y-set in high-risk popula-
tions; however, there does not appear to be a difference in exit 
site infections or catheter survival. 216–218  There are lower rates 
of gram-positive peritonitis with the double-bag as compared 
to the Y-set, suggesting that this method further reduces the 
risk of contamination (Fig. 83.8) and, hence, the double-bag 
system has become the community standard of care in the 
United States. 

 The data are con  icting on whether peritonitis rates are 
lower on the cycler compared to CAPD, although a number of 
studies suggest that is the case (Fig. 83.9). A recent meta-anal-
ysis compared randomized trials of APD versus CAPD. In two 
out of three trials, peritonitis was signi  cantly less common in 
APD patients (relative risk 0.75 vs, CAPD). 219  Two out of the 
three trials were quite small and the meta-analysis was heavily 

 FIGURE 83.8 Episodes of peritonitis per dialysis year at risk 
in patients randomly assigned to the Y-set or the double-bag 
system for CAPD. (Modi  ed from Li PK, Szeto CC, Law MC, et al. 
Comparison of double bag and Y set disconnect systems in con-
tinuous ambulatory peritoneal dialysis: a randomized prospec-
tive multicenter study.  Am J Kidney Dis.  1999;33:535.) 

 FIGURE 83.9 Episodes of peritonitis per dialysis year at risk in 
patients on CAPD versus APD.  The center uses prophylaxis for  S. 
aureus  nasal carriers; therefore,  S. aureus  peritonitis rates are very 
low in both groups. (Modi  ed from Rodriguez-Carmona A, Perez 
Fontan M, Garcia Falcon T, et al. A comparative analysis on the inci-
dence of peritonitis and exit-site infection in CAPD and automat-
ed peritoneal dialysis.  Perit Dial Int.  1999;19:253, with permission.) 
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the use of gentamicin and there were no infections with  P. ae-
ruginosa ; the frequency of  S. aureus  infections was unchanged. 
Gentamicin has the added advantage of being far less expen-
sive than is mupirocin. This regimen is likely to become the 
preferred mode of prophylaxis for catheter-related infections. 

 Peritonitis 
 Peritonitis rates appear to be decreasing over the last two de-
cades. In a recent analysis of a large cohort of PD patients 
(over 40,000), there was a 2% to 3% decline in peritonitis 
from 2000 to 2003. 239  In an analysis of peritonitis rates in the 
United States and Canada, Mujais reported peritonitis rates 
of one per 32.7 months in the United States and one per 
27.6 months in Canada. 240  The organisms that most com-
monly cause peritonitis are listed in Table 83.12. 228,241,242

Szeto et al. have documented that the percentage of  S. epider-
midis  peritonitis is signi  cantly decreasing with the use of the 
disconnect systems and this increases the relative proportion 
of all peritonitis episodes that are caused by gram-negative 
organisms. 243  Many other organisms in addition to those list-
ed have been identi  ed in episodes of peritonitis, including 
those caused by fungi, protozoans, algae, viruses, and myco-
bacteria. 195  The outcome of peritonitis is highly organism-
speci  c. Etiologies of peritonitis are shown in  Figure 83.11. 

 A number of demographic features are associated with 
an increased risk for peritonitis. White, nondiabetic patients 
aged 20 to 59 years have the lowest risk of peritonitis. The 
reason for the increased risk seen in blacks is not under-
stood. 244,245  Con  icting data exist on whether diabetic pa-
tients have an increased risk of peritonitis. 246,247  Age great-
er than 60 years was a risk factor for peritonitis in some 
 reports, but most studies indicate that elderly patients have 
similar peritonitis rates as younger patients. 248  Peritonitis 
rates in children are higher than those of adults. 249  Immuno-
suppressed patients are also at increased risk, especially for 

to resolve and can lead to peritonitis and catheter loss. 201,203

P. aeruginosa  is the second most common cause of exit site 
and tunnel infections and frequently recurs or is refractory 
to antibiotic therapy and tunnel revision. 229,230  Therefore, 
early catheter removal is appropriate if the patient does not 
respond to a course of antibiotics.  Staphylococcus   epidermidis
and culture-negative exit site infections are generally non-
purulent, and only infrequently do they cause peritonitis. 231  

 The peritonitis rate in patients who have catheter in-
fections is more than twice that of patients who do not. 231

Involvement of the tunnel, especially the inner cuff as dem-
onstrated by ultrasound, predicts subsequent peritonitis. 200

Even in the absence of a clinical tunnel infection and with 
resolution of exit site infection with therapy, the deep cuff 
may harbor  S. aureus  or  P. aeruginosa,  resulting in recurrent 
peritonitis. 232  

 A number of studies have demonstrated the ef  cacy of 
local antibiotics applied to the exit site to prevent infections. 
Daily exit site mupirocin is highly effective in reducing  S. au-
reus  exit site infections. 224,233–235  It must be noted, however, 
that organisms with low level mupirocin resistance have be-
gun to emerge. 236,237  Although this is not yet a clinical concern, 
should the organisms acquire high-level resistance (minimum 
inhibitory concentration [MIC]    512    g per mL), increased 
infection and/or relapse rates may ensue. Cipro  oxacin oto-
logic solution, 0.5 mL single-dose vial, applied daily as part 
of routine care, reduced both  S. aureus  and  P. aeruginosa  exit 
site infections compared to historical controls. 238  However, 
the use of cipro  oxacin may be prohibitively expensive for 
many patients. A double-blind study compared the effects of 
0.1% gentamicin sulfate versus 2% mupirocin applied to the 
exit site daily (Fig. 83.10). 224  Use of gentamicin resulted in 
signi  cantly decreased rates of exit site infections and perito-
nitis. Gram-negative infections were markedly diminished by 
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FIGURE 83.10 Rates of exit site infections in incident (on 
 3 months) and prevalent patients (on  3 months). In both 
groups, those who were using gentamicin exit site cream had 
signi  cantly lower (P   .01) rates than those who were using 
mupirocin.

TA B L E

 Pathogens 

Staphylococcus aureus  

Staphylococcus epidermidis  

 Gram-negative 

 Culture-negative 

 Total 

a Much lower in programs using  S. aureus  prophylaxis.[H1] 
 Modi  ed from Flanigan MJ, Hochstetler LA, Langholdt D, et al. Continu-
ous ambulatory peritoneal dialysis catheter infections: diagnosis and man-
agement.  Perit Dial Int.  1994;14:248; Holley JL, Bernardini J, Piraino B. 
Infecting organisms in continuous ambulatory peritoneal dialysis patients 
on the Y-set.  Am J Kidney Dis.  1994;23:569. 

 Pathogens Causing Exit Site Infections 83.11

2456



CHAPTER 83   PERITONEAL DIALYSIS 2457

colonization of the skin, nose, or exit site; however,  S. epider-
midis  can colonize the peritoneal catheter, producing a slime 
layer (or bio  lm) that can extend from the exit site through 
the cuff(s) into the peritoneal cavity. 252,253  The rate of bacte-
rial colonization of the catheter is related to the degree of 
bacterial contamination of the exit site at the time of catheter 
insertion, but, within 3 weeks of insertion, most catheters 
are colonized. 254  The relationship of bio  lm to peritonitis 
is unclear. Recurrent or relapsing peritonitis (de  ned as a 
second episode owing to the same organism within 4 weeks 
of stopping antibiotics) is generally caused by  Staphylococ-
cus  and may be related to the presence of bio  lm, which 
shields bacteria from antibiotics. 195  The coagulase-negative 
staphylococci isolated from patients with peritonitis are 
more likely to be producers of bio  lm than are isolates not 
associated with peritonitis; however, bio  lm formation does 
not invariably lead to peritonitis. 255,256  The keys to prevent-
ing peritonitis caused by coagulase-negative staphylococcal 
peritonitis are avoidance of connection techniques requiring 
spiking of bags and extensive training of the patient in asep-
tic technique. Miller and Findon have demonstrated that 
proper hand washing and drying prior to performance of 
an exchange sharply reduces bacterial numbers on the spike 
connection and in the peritoneal space after touch contami-
nation. 257  Furthermore, patients should be trained how to 
identify contamination and report to the dialysis unit; pro-
phylactic antibiotics should be administered under appro-
priate circumstances. 182

S. aureus  carriage and catheter infections are another 
source of peritonitis.  S. aureus  in the nares, at the exit site, 
or on the skin is associated with  S. aureus  catheter infection 
and peritonitis. Prevention of  S. aureus  peritonitis is criti-
cal, because the outcome is worse compared to that of other 
staphylococcal infections. Several antibiotic protocols have 
been shown to decrease the risk of  S. aureus  infection in PD 
patients. 216  These predominantly use intranasal mupirocin 
cream, twice a day for 5 days monthly for carriers, or daily 
at the exit site. These protocols are uniformly effective in 
reducing exit site infections but not peritonitis. Exit site mu-
pirocin is also effective in reducing  S. aureus  peritonitis. 233,234

As discussed previously, low-level mupirocin resistance has 
been reported. Gentamicin is equally ef  cacious as mupiro-
cin for prophylaxis against  S. aureus  and is superior for the 
prevention of gram-negative infections. 224

 Gram-negative peritonitis, which is associated with con-
siderable morbidity, is not well understood. 258–260  The bowel 
may be a source, through translocation of bacteria across the 
bowel wall or secondary to organ pathology. Constipation 
and enteritis have both been associated with peritonitis due 
to enteric organisms. 261,262  Possibly due to the effects on co-
lonic motility, hypokalemia has been associated with an in-
crease in enterobacterial peritonitis as well. 263  Peritonitis can 
rarely be caused by intra-abdominal pathology and under 
those circumstances is associated with severe symptoms and 
commonly results in transfer of the patient to HD or death, 
especially if surgery is delayed. 260,264  Examples of primary 

infections owing to  S. aureus  and fungi. 250  Peritonitis risk is 
also increased after an episode of peritonitis. 251  

 Contamination at the time of an exchange, usually but 
not invariably resulting in coagulase-negative staphylococcal 
peritonitis, remains a leading cause of peritonitis.  S. epidermi-
dis  peritonitis is not usually caused by a catheter infection or 

TA B L E

Pathogens Episodes/Year

Staphylococcus epidermidis 0.1–0.2

Staphylococcus aureus 0.15a

Other gram-positive 0.1–0.2

Gram-negative 0.1

Polymicrobial 0.01

Fungi 0.01

Culture-negative 0.01–0.1

Total 0.4–0.6

aApproximately one third of this is in programs using S. aureus prophylaxis.
Modi  ed from Holey JL, Bernardini J, Piraino B. Infecting organisms 
in continuous ambulatory peritoneal dialysis patients on the Y-set. Am 
J Kidney Dis. 1994;23:569; Tofte-Jensen P, Klem S, Nielson PK, et al. 
PD-related infections of standard and different disconnect systems. Adv 
Perit Dial. 1994;10:214; Lupo A, Tarchini R, Carcarini G, et al. Long-term 
outcome in continuous ambulatory peritoneal dialysis: a 10 year survey 
by the Italian cooperative peritoneal dialysis study group. Am J Kidney Dis.
1994;24:826.

Pathogens Causing Peritonitis Using 
Disconnect Systems

83.12

FIGURE 83.11 Etiologies of peritonitis. (Modi  ed from Harwell 
CM, Newman LN, Cacho CP, et al. Abdominal catastrophe: visceral 
injury as a cause of peritonitis in patients treated by peritoneal 
dialysis. Perit Dial Int. 1997;17:586, with permission.)
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leukocytes, eosinophils, red blood cells, or malignant cells. 
Intraperitoneal generic vancomycin and amphotericin may 
cause chemical peritonitis. 280,281 Icodextrin had been previ-
ously reported to cause sterile peritonitis with the number 
of cases peaking in 2002. 282,283 This was determined to be 
a consequence of contamination with a bacterial peptido-
glycan that was introduced during the manufacturing pro-
cess.284 Correction of the manufacturing process has virtu-
ally eliminated this problem (incidence now 0.01%). 

 Treatment of Peritoneal Dialysis-Related 
Infections 
 Exit Site Infections 
The initial antibiotic for an exit site infection must be ac-
tive against staphylococci, with subsequent therapy depen-
dent on the speci  c organism identi  ed. Oral antibiotics 
are as effective as intraperitoneal antibiotics with the excep-
tion of infections with methicillin-resistant  Staphylococcus
aureus (MRSA); these will usually require treatment with 
vancomycin. Sonography of the tunnel may be useful, al-
though not always necessary, to determine length of therapy 
(Fig. 83.12). 195 Infections limited to the exit site require an 
average of 2 weeks of antibiotic therapy, whereas involve-
ment of the super  cial tunnel lengthens average therapy to 
3 weeks or more. Involvement of the deep cuff requires 2 
months or more of antibiotic therapy and may require re-
moval of the catheter to prevent peritonitis. 285 Local care of 
the exit site is generally intensi  ed and, in mild or equivo-
cal exit site infection when the tunnel is not involved, this 
may suf  ce as therapy. If prolonged antibiotic therapy fails to 
resolve the exit site infection, revision of the tunnel with re-
moval of the external cuff (in two cuffed catheters) may help 
to prolong the life of the catheter in a select group of patients 
but there is limited long-term data. 286 An incision is made 
over the tunnel to expose the cuff, which is carefully shaved 

intra-abdominal diseases that can present as PD peritonitis 
include ischemic bowel, cholecystitis, appendicitis, perforat-
ed ulcers, colonic polypectomy, and diverticula (see section 
on intra-abdominal catastrophes). An elevated amylase level 
in the dialysate ef  uent is a clue to the presence of enteric 
peritonitis.265

Procedures, such as colonoscopy, endoscopy with 
sclerotherapy, dental manipulation, endometrial biopsy, liver 
biopsy, and laparoscopic cholecystectomy can result in peri-
tonitis; thus, antibiotic prophylaxis is indicated. 266–268 Other 
unusual causes of peritonitis are vaginal leak of dialysate and 
the use of intrauterine devices. 269 It is recommended that the 
abdomen be emptied of   uid prior to procedures involving 
the abdomen or pelvis. 195

Fungal peritonitis accounts for 2% to 3% of all peri-
tonitis episodes. 270,271 Abdominal pain may be severe and 
associated with fever. Patients may be acutely ill and appear 
to have a surgical abdomen; death may result, particular-
ly if catheter removal is delayed. 272 A recent observational 
study of Australian patients suggests that mortality from 
fungal peritonitis may be decreasing. Previous small series 
described a mortality rate greater than 20%. In the largest 
series to date (162 patients), mortality rate was 9%. 270 Prior 
antibiotic therapy and frequent bacterial peritonitis are pre-
disposing causes. Prophylaxis, mainly using nystatin during 
antibiotic therapy, appears to be most effective in programs 
with high fungal peritonitis rates (Table 83.13). 273–278 Pro-
grams with a low fungal peritonitis rate do not appear to 
bene  t from prophylaxis. 

The differential diagnosis for truly sterile cloudy   uid 
is broad and is best approached by considering whether 
turbidity is due to cellular or acellular elements. 279 Acellu-
lar causes include   brin and triglycerides; the latter may be 
due to lymphatic obstruction, superior vena cava syndrome, 
pancreatitis, or certain dihydropyridine calcium channel 
blockers. Cellular elements may include polymorphonuclear

Fungal Peritonitis without and with Prophylaxis

TA B L E

Reference  Prophylaxis  Incidencea

Zaruba278 Nystatin tid  0.20 vs. 0.03

Robitaille273 Nystatin or ketoconazole  0.14 vs. 0

Wadhwa277 Fluconazole qod  0.08 vs. 0.01

Lo276 Nystatin qid  0.02 vs. 0.01

Thodis275 Nystatin qid  0.02 vs. 0.02

Williams274 Nystatin qid  0.01 vs. 0.01

aAntibiotic associated fungal peritonitis, in episodes per year. Rate without prophylaxis given   rst.

83.13

2458



CHAPTER 83   PERITONEAL DIALYSIS 2459

a cephalosporin allergy and could be used in centers with a 
high incidence of infection with methicillin-resistant organ-
isms. Centers with a high prevalence of methicillin-resistant 
organisms, however, still may use cefazolin empirically since 
the relatively high concentration of cefazolin in the dialysate 
can be effective even in the presence of resistant organisms. 
Patients on vancomycin generally require dosing at 3- to 
5-day intervals—the more frequent dosing is important par-
ticularly in patients with signi  cant residual renal function or 
with frequent cycling at night. The frequency of dosing can 
be individualized by checking plasma vancomycin levels and 
levels maintained    15    g per mL. 

 Gram-negative coverage may be provided by a third-
generation cephalosporin (e.g., cefepime or ceftazidime) 
or an aminoglycoside agent (Table 83.14). A single dose of 
ceftazidime, 15 mg per kg IP, results in serum and dialy-
sate concentrations above the MIC (for susceptible organ-
isms) for more than 24 hours, because the serum elimina-
tion half-life is 22 hours. 291  Hence, ceftazidime can be dosed 
intermittently for both CAPD and APD patients as described 
above for cefazolin. Alternatively, the drug could be dosed 
continuously with the antibiotic added to each bag (500 
mg per L loading dose followed by 125 mg per L in each 
subsequent bag). Although a retrospective study suggested 
long-term aminoglycoside therapy should be avoided when 
possible to preserve residual renal function a short course of 
empiric therapy appears to be safe. 292,293  Lui et al. random-
ized patients with peritonitis to either netilmicin or ceftazi-
dime for 14 days. Both regimens were equally effective and 
associated with a transient loss of residual function. More 
importantly, netilmicin did not harm long-term residual re-
nal function. 292,293  Quinolones may be used by centers with 
documented local sensitivities of gram-negative organisms 
to this class of drugs. A meta-analysis has con  rmed that ini-
tial monotherapy with quinolones can be effective. 294  How-
ever, the included trials were old and, given the frequent 
emergence of quinolone resistance, quinolone monotherapy 
is not recommended. 295  

 Subsequent therapy after antibiotic loading depends 
on the organism isolated.  S. aureus  or  S. epidermidis  may 
be treated with a   rst-generation cephalosporin alone, if 
 methicillin-sensitive. Fifty percent or more of  S.  epidermidis  
causing peritonitis is resistant to cephalosporins. 296,297  These 
patients should be treated with vancomycin, as should 
 patients with MRSA peritonitis. 298  MRSA peritonitis has a 
failure rate of 60% when treated with vancomycin alone 
and, frequently, results not only in catheter loss but also in 
peritoneal adhesions precluding further PD. 299  Therefore, ri-
fampin should be added to vancomycin therapy. Peritonitis 
caused by vancomycin intermediate-resistant  S. aureus  has 
been reported and was successfully treated with rifampin 
and  trimethoprim–sulfamethoxazole. 300  

 Streptococcal or enterococcal peritonitis is best treated 
with ampicillin; an aminoglycoside may be added for synergy 
in enterococcal infections. Vancomycin-resistant enterococ-
cus (VRE) as a cause of peritonitis in PD patients is still rare 

from the catheter. The area of granulation tissue and cellu-
litis may also be débrided. Cuff shaving and tunnel revision 
are never effective if catheter-related peritonitis is present. 

  Pseudomonas  exit site infections are particularly prone to 
recurrence and often lead to peritonitis, which is a devastating 
complication. 287  Therefore, if the patient has a history of prior 
exit site infection with  Pseudomonas , the antibiotic chosen for 
empiric therapy should be ef  cacious against that organism 
(e.g., oral quinolone). Dual therapy is sometimes needed and 
the duration of therapy may need to be extended to as long 
as 6 weeks. Recurrent and refractory exit site infections might 
be best managed with catheter replacement. In such high-risk 
patients, to prevent recurrence in a new catheter, consider-
ation should be given to using gentamicin or cipro  oxacin 
otic solution at the exit site, as previously described. 

 Peritonitis 
 As discussed previously, not all patients who present with 
cloudy dialysate will prove to have peritonitis. Neverthe-
less, to avoid delay in treatment, empiric antibiotic therapy 
should be started upon presentation with cloudy dialy-
sate. 288,289  Initial therapy should include coverage for both 
gram-positive and gram-negative organisms. 195  This should 
be guided by knowledge of both the patient’s history and the 
individual program’s pattern of microorganisms responsible 
for peritonitis and their antibiotic sensitivities. 

 A   rst-generation cephalosporin or vancomycin should 
be used to provide gram-positive coverage. A single daily dose 
of cefazolin, 15 mg per kg, results in dialysate  concentration 
levels above the MIC over 24 hours for sensitive organisms, 
allowing once a day dosing (for those without residual renal 
function). 290  In CCPD patients treated with intermittent dos-
ing with cefazolin, the antibiotic should be administered in a 
long day exchange (at least 4–6 hours of dwell) immediately 
preceding the overnight cycling. Alternatively, cefazolin could 
be administered in every bag for either CAPD or APD patients 
(500 mg per L loading dose followed by 125 mg per L in 
each subsequent bag). Antibiotics could be administered with 
intermittent therapy. Vancomycin is needed in patients with 

FIGURE 83.12 Extent of S. aureus catheter infection (n   49) 
using sonography with mean days of therapy also shown. (From 
Vychytil A, Lilaj T, Lorenz M, et al. Ultrasonography of the catheter 
tunnel in peritoneal dialysis patients: what are the indications? 
Am J Kidney Dis. 1999;33:722, with permission.)
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 intraperitoneal administration results in chemical  peritonitis. 281

Flucytosine, ketoconazole, and   uconazole diffuse readily from 
blood to the peritoneum and are more effective than amphoter-
icin, although catheter removal still is often necessary. 272,310,311

Fluconazole is particularly well tolerated when administered 
intraperitoneally. Chan and colleagues found a cure rate of 
9.5% using   uconazole therapy alone without catheter remov-
al. 312  Fluconazole plus catheter removal cured 67%, whereas 
14% required addition of amphotericin. The ISPD recom-
mends prompt catheter removal for fungal peritonitis. 

 Temporary cessation of PD, which improves peritoneal 
immune function, has been successfully utilized to assist in 
resolving peritonitis, in conjunction with antibiotics. 313,314

This approach has been useful in recurrent peritonitis epi-
sodes owing to coagulase-negative staphylococcus, but has 
also been helpful in resolving refractory  S. aureus . 315,316  It is 
effective only if catheter infection is absent. 

 Catheter removal is necessary to resolve the infection 
in some cases. Peritonitis owing to  S. aureus, P. aeruginosa,
or enteric peritonitis with an intra-abdominal source often 
requires catheter removal. 195  Catheter-related peritonitis ac-
counts for approximately one third of the catheters removed, 
although the proportion and rate of catheter removal for iso-
lated peritonitis have decreased with use of improved con-
nection systems. 184,228  Recent data shows that persistence of 
peritoneal white blood cell (WBC) count    1090 cells per 
mm 3  after 3 days of therapy portends treatment failure and 
catheter removal should be considered. 317  

 Simultaneous catheter removal and replacement are 
quite successful for recurring peritonitis and tunnel infec-
tions. 318,319  This eliminates an interim period on hemodi-
alysis. This approach should be used only when the ef  uent 
leukocyte cell count is under 100 per    L. This approach 
is not recommended for fungal, mycobacterial, or  P. aeru-
ginosa  peritonitis, or when peritonitis is a consequence of 
intra- abdominal pathology—these episodes require that the 
patient spend a period of time off PD. 

but there are many published case reports. 301,302   Colonization 
had been considered rare although there is data that VRE may 
be increasing in dialysis units. 303  VRE should be treated with 
linezolid, quinupristin/dalfopristin, or daptomycin. 

 Infections due to  S. aureus  or enterococci require 3 
weeks of therapy; 2 weeks is generally suf  cient for other 
gram-positive cocci. For any peritonitis, failure to achieve 
clear dialysis ef  uent after 5 days of appropriate antibiotic 
therapy de  nes refractory peritonitis and is an indication for 
catheter removal. 195  

 The subsequent therapy of gram-negative organisms is 
dependent on sensitivities. Aminoglycoside therapy should 
generally be reserved for those infections in which sensi-
tivities dictate the use of these drugs. Once a day dosing 
of intraperitoneal aminoglycoside, shown to be effective, 
provides high local levels of the antibiotic, while avoiding 
systemic toxicity. 304  

P. aeruginosa  peritonitis should always be treated with 
two drugs for a minimum of 3 weeks. 195  Peritonitis caused 
by  P. aeruginosa  is dif  cult to treat and can sometimes result 
in the death of the patient. 230,259,305–307  Aminoglycosides may 
be used if the isolate is sensitive to the drugs but long cours-
es may result in vestibular toxicity. Ceftazidime, cefepime, 
piperacillin, or oral quinolones are generally effective. Anti-
biotic therapy is much more likely to be effective if a catheter 
infection is not present, although long courses of therapy 
may be required to prevent relapse. If a  Pseudomonas  catheter 
infection is present in conjunction with peritonitis, catheter 
removal is necessary. 

 Peritonitis owing to  Stenotrophomonas maltophilia  (for-
merly  Xanthomonas maltophilia ) is dif  cult to resolve as the 
organism displays very limited antimicrobial sensitivities. 
Despite treatment with multiple antibiotics, catheter removal 
may be necessary. 308,309  Immunosuppression is a risk factor. 

 Antimicrobial therapy of fungal peritonitis is not gener-
ally successful unless the catheter is removed. Amphotericin 
B has poor diffusion from blood into the peritoneum, whereas 

Antibiotic Doses for Intermittent Therapy for Peritonitis
TA B L E

Antibiotic  Dose intraperitoneally

Cefazolin or cephalothin  15–20a mg/kg once daily

Vancomycin  30 mg/kg once, then 15 mg/kg every 5 d

Ceftazidime  15–20a mg/kg once daily

Gentamicin, tobramycin, or netilmicin  0.6 mg/kg once daily

aHigher dose for patients with residual renal function.
Modi  ed from Piraino B, Bailie GR, Bernardini J, et al. Peritoneal dialysis related infections recommendations: 2005 
update. Perit Dial Int. 2005;25:107.

TA B L E

83.14
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The principles of management do not differ from those in 
patients without ESRD. Offending agents should be discon-
tinued and, if that includes dialysate, PD should be halted. 
However, peritoneal lavage can be helpful in removing in-
  ammatory mediators, especially if the dialysate was not the 
culprit. There is no evidence to support a recommendation to 
halt PD in all patients with acute pancreatitis, and discontinu-
ing PD probably does not alter the prognosis. 326 Percutaneous 
pseudocyst drainage may be preferable to internal (jejunal) 
drainage and this may preclude continuation of PD. Hyper-
lipidemia and hypercalcemia should be corrected. The role 
of lower concentrations of calcium in dialysate is unknown. 

 Chyloperitoneum 
There have been a few scattered case reports of chylous 
  uid leaking into the peritoneum and draining with ef-
  uent dialysate. This topic was recently reviewed. 327 The 
dialysate is cloudy but, on more careful examination, looks 
milky, re  ecting the lipid rich content of chyle. The most 
common cause is trauma to intraperitoneal lymph vessels, 
either catheter-induced or from external trauma. Rocklin 
and Teitelbaum have recently reported a case of chyloperi-
toneum due to the superior vena cava syndrome. 328 Certain 
dihydropyridine calcium channel blockers have also been 
associated with chyloperitoneum, perhaps due to impaired 
lymphatic peristalsis. 329 Patients are usually asymptomatic. 
Treatment initially is conservative, to decrease abdominal 
lymph production by a low-fat, high-calorie diet supple-
mented with medium-chain triglycerides. The next step is 
discontinuation of PD, because the presence of dialysate 
may retard closure of the leak. If this is unsuccessful, a trial 
of total parenteral alimentation may be considered. Should 
these steps fail to resolve the leak, catheter removal is in-
dicated. Lymphangiography may identify the source of the 
leak should surgery be considered. 

 Hemoperitoneum 
As little as 1 mL of blood in 2 L of dialysate results in readily 
evident visual hemoperitoneum, and 7 mL results in ef  u-
ent dialysate that looks like red fruit juice. Fortunately, this 
is an uncommon occurrence, but, when it does occur, it is 
often very frightening to the patient. 330 Fortunately, howev-
er, hemoperitoneum is almost always benign. 330,331 In Table 
83.15 are listed causes of hemoperitoneum in PD patients. 
Hemoperitoneum occurs in 3.8% to 10% of PD patients and 
is twice as common in women as in men. When it occurs in 
women of childbearing age, 64% of the causes are related 
to ovulation or menses. In one series, this population ex-
perienced an almost 90% incidence rate. 332 There does not 
appear to be a correlation with PD-associated peritonitis, 
nor does hemoperitoneum adversely impact long-term out-
comes on PD. 

Menstrual and surgical histories are informative (Table 
83.15). If the patient is asymptomatic and the bleeding 
stops spontaneously, no evaluation is absolutely necessary. 

 OTHER COMPLICATIONS 
 Pancreatitis 
Pancreatic abnormalities including pancreatitis occur with 
a higher frequency in uremic patients. 320 The highest inci-
dence of pancreatitis among ESRD patients is in transplant 
recipients, but within dialysis populations, it is not clear 
that PD patients have a higher incidence than do HD pa-
tients.321–323 Reports from the mid-1980s suggested a greater 
incidence in PD due to higher uremic solute concentrations 
in PD patients or even to the potentially direct toxic effects of 
dialysate, which bathes a portion of the pancreas. The dialy-
sate dextrose concentration, hypertonicity, hypercalcemia, 
foreign particulate debris, bacteria, or antibiotics may induce 
in  ammation in the sensitive pancreas. 322,324 That the direct 
toxicity of dialysate may be causative is supported by the re-
currence of pancreatitis after reinstitution of PD after initial 
resolution. 325 The relevance of those reports from 1980s to 
the contemporary practice of peritoneal dialysis, however, is 
unclear and there is no convincing evidence for a higher in-
cidence of pancreatitis in PD than HD today. Hyperlipidemia 
is both a risk factor for and complication of pancreatitis. 
The hyperlipidemia seen more frequently in PD patients is 
low-density lipoprotein hypercholesterolemia, which is not 
particularly toxic to the pancreas. On the other hand, HD 
patients are more likely to suffer from hypertriglyceridemia, 
which is a predisposing factor for pancreatitis when severe 
enough to be associated with hyperchylomicronemia. The 
high intake of simple carbohydrates in PD patients may be a 
factor in inducing hyperlipidemia. 

Even though pancreatitis is an infrequent complica-
tion of PD, older reports suggested a high mortality rate. 320

The typical clinical presentation for acute pancreatitis in a 
PD patient is characterized by abdominal pain with normal 
bowel sounds, nausea, vomiting, absence of fever, hyper-
amylasemia (more than three times normal), elevated ef  u-
ent dialysate amylase concentration (more than 100 U per 
L), and a variable appearance of ef  uent dialysate, including 
being clear, hemorrhagic, tea-colored, or even cloudy. 320–322

Amylase levels may be spuriously decreased in patients us-
ing icodextrin. 

Hyperlipidemia and/or hypercalcemia are frequently 
present and may be predisposing metabolic abnormalities. 
Pancreatitis should be strongly considered if appropriately 
treated “peritonitis” does not resolve because this presenta-
tion is quite similar to PD-associated microbial peritonitis. 
The ef  uent in pancreatitis is usually sterile, even if hemor-
rhagic, cloudy, or tea-colored. Burkart and associates have 
suggested that dialysate ef  uent amylase concentration is 
low in bacterial peritonitis, even if slow to resolve, where-
as it is more than 100 U per L with pancreatitis or other 
intra-abdominal pathologies. 265 If a diagnosis of pancreatitis 
is uncertain, CT is the preferred imaging study. In addition to 
demonstration of an engorged pancreas, CT may be particu-
larly useful to identify the ominous   nding of a  pseudocyst.
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 Defects of the Peritoneal Cavity Boundary 
 Hernias and Genital and Abdominal Wall Edema 
 Intra-abdominal pressure rises with increasing intraperitoneal 
volume, sitting, straining at stool, coughing, and strenuous 
physical activity. Combined with the extremes of age, debilita-
tion, and poor wound healing from uremia, it is no surprise 
that hernias are common. A recent study documented a hernia 
prevalence near 20%. 335  Over 13% of the hernias present are 
strangulated. Teitelbaum and colleagues reported the largest 
series of patients with defects of the peritoneal cavity bound-
ary. The overall frequency of hernia in this population of 
nearly 1900 patients was 6.7%. The most common sites were: 
 inguinal, 25% of total; umbilical, 19%, and ventral, 14. 336

They found hernias to be more common in men than women, 
although another study demonstrated the converse. 337   Patients 
with cystic disease as the etiology of ESRD are at higher risk for 
the development of hernias. 336,338  One-half of the hernias be-
come clinically evident within the   rst year of PD, 339  but many 
probably go undetected unless special scintigraphic studies are 
performed. 340  Most of the scintigraphically diagnosed asymp-
tomatic cases never progress to clinically appreciable disease. 
Many PD patients have hernias diagnosed prior to initiating 
PD and herniorrhaphies are performed at the time of cath-
eter insertion. Bargman and colleagues recently documented 
the outcomes of 50 patients undergoing hernia repair. PD was 
stopped for 48 hours perioperatively followed by gradual in-
crease in dialysate volume. No hernia recurrences were noted 
and patients did not require temporary hemodialysis. 341  Other 
centers have also shown that discontinuation of PD is usually 
not necessary after hernia surgery. 342,343

 There probably is no bene  t from routine screening 
scintigraphy in adults because clinical manifestations alone 
dictate the need to repair. Increased intraperitoneal pres-
sure alone is not suf  cient to cause hernias—a preexisting 
anatomic abnormality is often present. 344  In children, some 
programs routinely perform intraoperative peritoneograms 
(and herniorrhaphies if positive) at the time of catheter 
placement. To ensure prompt strength postoperatively, espe-
cially for large hernias, supporting prosthetic overlay mesh is 
inserted at the time of herniorrhaphy. 345  Placement of cath-
eters through the rectus muscle in a paramedian approach 
probably reduces the incidence of subsequent incisional or 
catheter site hernias. Postinsertion leakage increases the like-
lihood of subsequent hernias. 

 Abdominal wall edema or genital edema is caused by 
either dialysate leakage through acquired peritoneal defects, 
such as at the catheter insertion site, traumatic rents such as 
previous hernias or incisions, or congenital defects that go 
undetected until PD raises intraperitoneal pressures, opening 
them (patent processus vaginalis). Thus, the   uid could dis-
sect between tissue layers or through natural pathways. In the 
study by Teitelbaum and colleagues pericatheter or subcuta-
neous leaks were present in 3% of the total population. 336

Edema of the scrotum or perineal area is usually owing to a 
patent processus vaginalis. Scrotal edema may develop in up 

In the  absence of active menses, bloody dialysate should be 
 evaluated by ef  uent cell count and differential, and only if 
clinically appropriate, Gram stain and culture, and ef  uent 
  uid amylase concentration. An abdominal ultrasound may 
occasionally be informative. Obviously, symptoms referable 
to the abdomen prompt further evaluation, which ultimately 
could include a laparotomy. Treatment is directed at the spe-
ci  c cause. However, because patients often are asymptom-
atic, precluding an extensive evaluation, treatment generally 
is supportive. Heparin administered intraperitoneally may 
protect from subsequent catheter occlusion from clots. Three 
rapid   ushes with room-temperature dialysate may induce 
peritoneal vasoconstriction and stop the bleeding. 333  Dialy-
sate that is signi  cantly cooler than room temperature could 
precipitate cardiac dysrhythmias. Furthermore, cool dialysate 
should be avoided where mesenteric perfusion is compro-
mised, because it could exacerbate ischemia of the bowel. 
This therapy is probably only effective in cases where the 
bleeding is secondary to a peritoneal membrane bleed. Gy-
necologic hormone therapy may be indicated in women who 
demonstrate hemoperitoneum during menses or ovulation. 334

Causes of Hemoperitoneum in 
 Peritoneal Dialysis Patients

TA B L ETA B L E

83.15

Retrograde menstruation
Ovulation
Catheter-induced trauma (omental abrasion, 

repositioning, constipation)
Bowel disease (ischemic, in  ammatory)
Peritonitis
Cysts (ovarian, polycystic kidney, acquired cystic 

kidney)
Abdominal trauma
Strenuous exercise (including sexual activity)
Systemic bleeding (thrombocytopenia, anticoagulants)
Hypertonic exchanges (hyperemia)
Pancreatitis
Vasculitis (systemic lupus erythematosus)
Sclerosing peritonitis
Adhesions
Granulosa cell tumor
Ectopic pregnancy
Cholecystitis
Colonoscopy
Dissection from adjacent sites (femoral hematoma, 

spleen, colon)
Previous hepatitis
Enema
Extracorporeal lithotripsy
Splenic infarction
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 Hyperlipidemia 
Compared to HD patients, PD patients demonstrate higher 
concentrations of total cholesterol, triglycerides, Lp(a), apo 
A-I, and apo B as well as lower apo A-I: B ratios, and high-
density lipoprotein (HDL) cholesterol concentrations. 354 The 
cause of these abnormalities is multifactorial. Although total 
caloric intake is equal in PD and HD patients because of 
absorbed dextrose from peritoneal dialysate, oral caloric in-
take is actually less in PD patients. 355 This absorbed simple 
carbohydrate may account for 25% of total caloric intake. 
Patients who require frequent hypertonic exchanges do so 
because of increased   uid and/or food intake. Therefore, it is 
dif  cult to determine whether hyperlipidemia is secondary 
to diet or glucose-based dialysate. It should be noted, how-
ever, that use of icodextrin has now been shown to improve 
glucose control, total cholesterol, and LDL levels but not hy-
pertriglyceridemia.356,357 This supports a role for the caloric 
load from glucose in the pathogenesis of hyperlipidemia in 
PD patients. In addition to the above, there is loss into ef  u-
ent dialysate of oncotic proteins (e.g., albumin) and liporeg-
ulatory molecules (e.g., HDL cholesterol, apoproteins). 358,359

This sets the stage for hyperlipidemia and atherosclerosis. 
The treatment of hyperlipidemia in PD patients must in-

clude an attempt to decrease the use of the most hypertonic 
exchanges. This should be done in conjunction with dietary 
restriction of   uids, fats, and simple carbohydrates. Lipid-
lowering drugs of several classes have been utilized success-
fully. The major U.S. experience with   bric acid derivatives is 
with gem  brozil, which increases lipoprotein lipase activity, 
the catabolism of very-low-density lipoproteins (VLDL), and 
the concentration of HDL 2 and HDL 3.360 The dose should be 
reduced by initiation with 300 mg once daily and titrated 
gradually upward. Gem  brozil can cause myositis, which 
may be manifested by increased serum potassium and/or 
creatine kinase concentrations. Hydroxymethylglutaryl-CoA 
reductase inhibitors, predominantly used to treat hypercho-
lesterolemia, are safe and effective in PD patients. 361 The re-
cently concluded SHARP study included patients on PD and 
showed that both simvastatin and ezetimibe are safe in the 
PD population as well. 362

 Intra-abdominal Pathology in Peritoneal 
Dialysis Patients 
Less than 6% of peritonitis episodes in PD patients are owing 
to intra-abdominal pathology (IAP) and, although polymi-
crobial peritonitis may be associated with IAP, most cases are 
not.363 Peripheral leukocytosis, an increasing PD cell count 
on antibiotic therapy, or an expanding pneumoperitoneum 
are important clues to IAP. 183,363,364 Obvious signs of IAP, 
such as fecal or biliary material in the dialysate or diarrhea 
containing dialysate, are not commonly observed. Risk fac-
tors for the development of IAP include diverticulosis, con-
stipation and its treatment, and unrepaired hernia. 262 Death 
from IAP is linked to bowel gangrene; malnutrition; comor-
bidities such as liver failure, shock, bacteremia,  pneumonia,

to 10% of men on CAPD. 346 This can be managed temporari-
ly by supine PD, but surgical correction is generally required, 
certainly if a hernia is present. Postoperative management 
may include hemodialysis for 1 week or more. 347 Vaginal 
leakage of dialysate is rare but serious, because it can lead 
to recurrent peritonitis, often with fungus. This complication 
should be suspected in any woman with watery vaginal dis-
charge that is positive for glucose. If the leak is through the 
fallopian tubes, then tubal ligation is corrective. 348

The site of a subcutaneous dialysate leak can be lo-
cated with scintigraphy, ultrasonography, or contrast imag-
ing.349,350 Surgical closure is recommended, hence the need 
for precise identi  cation of the leak site. Although watchful 
waiting is tempting, the collective PD experience suggests 
that elective operative intervention is the best approach to 
these complications related to increased abdominal pressure. 

 Hydrothorax 
Fluid migrates from the peritoneal to the pleural space in 
0.6% to 5% of patients undergoing PD either via transdia-
phragmatic lymphatics or defects in the tendinous portion of 
the diaphragm. 351 There is an increased incidence in wom-
en, patients with polycystic kidney disease or hernias, those 
prone to peritonitis, and children. 352 Right sided pleural ef-
fusions appear to be more common than left. 353 The heart or 
pericardium probably protects the tendinous portion of the 
left hemidiaphragm. The hydrothorax can occur abruptly 
and painfully following exercise or trauma and can be im-
mediately life threatening. A more common presentation is 
that of gradual progression of orthopnea or dyspnea, usually 
without pain. One half of the cases present within the   rst 
month of PD, and only one   fth present 1 year or more after 
initiation.353 Resolution (i.e., being able to continue PD) is 
more likely in those cases where the presentation is within 
1 year of initiating PD. 

The simultaneous measurement of the concentrations 
of albumin, glucose, and lactate dehydrogenase in peritoneal 
ef  uent, pleural   uid, and blood may be helpful diagnosti-
cally. Peritoneal scintigraphy with radiolabeled albumin is 
a useful diagnostic maneuver; methylene blue should be 
avoided because of the pain it causes. Although helpful in 
localizing the defect, these diagnostic maneuvers probably 
do not alter management. 351 If the origin of the hydrothorax 
is dialysate, therapy is indicated regardless of whether there 
is a distinct leak versus lymphatic transport. 

Initial attempts at conservative management should be 
made by decreasing volumes (decrease   ll, decrease UF), 
performing PD supine, and periods of an empty abdomen. If 
conservative management fails, video-assisted thoracoscop-
ic surgery is the preferred therapeutic modality. Chemical 
pleurodesis with tetracycline, blood, N-CWS ( Nocardia rubra
cell wall skeleton), triamcinolone, OK-432, talc, or   brin ad-
hesive have each been successful; however, these procedures 
can be very painful and are associated with  unpredictable 
results. 351,353a
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dialysis, chlorhexidine, beta-blockers, and high transporter 
status have all been implicated in the pathogenesis. 373 Histor-
ically, mortality was severe—as high as 60% within 4 months 
of diagnosis. However, contemporary data from Australia and 
New Zealand has demonstrated a considerably lower mortal-
ity and suggests that many of the deaths may not be related 
to EPS. 374

Treatment consists of corticosteroids, supportive care 
with parenteral nutrition, and, in extreme cases, surgical en-
terolysis. ACEI and tamoxifen are considered potential treat-
ments for EPS due to anti  brotic properties but high quality 
clinical data is lacking. 

 INTRAPERITONEAL INSULIN 
Shortly after the advent of CAPD it was suggested that the 
intraperitoneal administration of insulin could improve 
glycemic control. 375 Although easily utilized in CAPD, the 
use of intraperitoneal insulin in patients performing APD, 
an increasing segment of the overall PD population, is more 
complex. Coupled with the trend toward use of longer-act-
ing insulin preparations, this has resulted in a substantial 
decrease in the utilization of this route for insulin delivery. 
Furthermore, intraperitoneal insulin has been linked to sub-
capsular hepatic steatosis. 376

 HYPERTENSION 
Volume control and sodium removal by PD are related to 
numerous factors, including dialysate composition (osmo-
lality created by dextrose and sodium concentrations), peri-
toneal permeability and UF capacity, splanchnic circulation, 
and residual renal function. 377 After many months of PD, 
the antihypertensive effect of PD may be due to other factors 
as well. 378At this time, body weight may actually increase, 
although this could re  ect the increased caloric intake from 
the transperitoneal absorption of dextrose. Because the 
peritoneal membrane is associated with different transport 
properties than HD membranes, the more ef  cient removal 
of pressor substances by PD is speculated to play a role in 
this late hypertension control. 378 These pressor compounds 
could include Na-K–ATPase inhibitors, norepinephrine, and 
endothelin. However, after a year or more of PD, hyperten-
sion is less effectively controlled than after PD initiation. 109

This may be related to the development of peritoneal sclero-
sis, progressive obesity, dialysis prescription nonadherence, 
improved appetite and well-being and dietary indiscretion, 
increased hematocrit, loss of residual renal function, or other 
as yet unidenti  ed factors. 

Recent studies have focused attention on the differ-
ences in blood pressure between patients performing CAPD 
or APD. Some single-center studies have reported that pa-
tients performing APD have higher blood pressure and 
left ventricular mass than do those on CAPD. 379–381 This 
is likely due to decreased sodium removal and ultra  ltra-
tion in APD patients due to the shortened dwell times and 

and  gastrointestinal or intracerebral hemorrhage; and de-
layed surgical intervention—therefore, by a broad consensus, 
early surgical intervention in suspected IAP is strongly rec-
ommended.365,366

In general, slowly resolving peritonitis warrants close 
follow-up. Clear dialysate while on antibiotics is not an abso-
lute sign of a benign process. Generalized abdominal perito-
nitis can mask localized signs and symptoms of IAP. Surgical 
consultation is urgently needed in the following conditions: 

   Localized abdominal pain and tenderness 
   Dilated loops of bowel on abdominal radiograph 
   Progressive increase in intraperitoneal free air with con-

tinued peritonitis 
   Hemoperitoneum with measurable dialysate hematocrit 

Those perioperative interventions that best allow continua-
tion or quick return to PD postoperatively include: 

 1. Tight wound closure for prevention of dialysate leak-
age, possibly using nonresorbable sutures. 

 2. Drain removal before resuming PD to allow adequate 
dialysis.

 3. Preoperative extensive PD to increase platelet function 
and allow a few days without PD postoperatively for 
healing.

 4. Elective repair of abdominal wall hernias (see earlier 
Abdominal Hernias in Continuous Peritoneal Dialysis) 
both for patient comfort as well as prevention of bowel 
incarceration. 

 5. Avoidance of constipation, because impacted stool 
often accompanies diverticulitis or perforated bowel. 

 6. Optimization of nutrition to counter the marked pro-
tein loss through an in  amed peritoneum. 

 7. Avoidance of PD with transfer to HD if extensive bowel 
wall repairs are made. A low threshold for transition to 
HD is generally a prudent decision. 

 8. Omentectomy at surgery if the omentum appears 
threatening to catheter   ow function. 367

 ENCAPSULATING PERITONEAL 
SCLEROSIS 
Encapsulating peritoneal sclerosis (EPS) is a potentially 
devastating complication of peritoneal dialysis. EPS is rare, 
affecting fewer than 5% of peritoneal dialysis patients and 
is sometimes diagnosed after renal transplantation. 368,369

Patients with EPS present with anorexia, nausea, vomit-
ing, protein-energy wasting, and intestinal obstruction. 370

A thick-walled membrane “cocoon” is present, entrapping 
loops of bowel. This gives rise to the classic “sandwich” 
appearance on abdominal ultrasonography. 371

The etiology and pathogenesis of EPS are uncertain 
although time on dialysis is a risk factor. 372 Peritoneal irritants, 
recurrent peritonitis, long-term use of PD,  acetate-containing
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has been left in place and peritonitis develops, its course is 
not different from that seen in PD patients who are not re-
ceiving immunosuppressive medications. It requires essen-
tially the same treatment with parenteral or intraperitoneal 
antibiotics, with the exception that allograft function may 
necessitate larger or more frequent doses. Posttransplant exit 
site or tunnel infections probably warrant catheter removal, 
especially if the infection is in proximity to the graft incision. 

Posttransplant ascites may develop in PD patients, even 
with functioning grafts. 393 It is probably related to a hy-
peremic peritoneum whose mesothelium has been altered 
by the previous presence of dialysate. It may take weeks, 
but this does subside spontaneously. The ascites should be 
drained only when dictated by patient comfort because the 
protein content is generally high and negative protein bal-
ance may ensue. 
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high transport, respectively. 379 However, careful attention to 
APD prescription—limiting the number of cycles to 3 to 5 
at night, and avoiding long dwells with glucose-based solu-
tions by leaving the abdomen dry for part of the day, or use 
of a day exchange, or use of icodextrin—allows for equiva-
lent control of blood pressure and hypervolemia as can be 
achieved with CAPD. 382,383

 TRANSPLANTATION 
Peritoneal dialysis patients may differ from their HD coun-
terparts in several aspects that could in  uence transplant 
outcomes. Compared to HD patients, PD patients demon-
strate a more normal immune response as characterized 
by T4:T8 lymphocyte ratios, T cell counts, T cell stimula-
tion, and cell-mediated immunity. 384 However, many ob-
servational studies have shown that both the incidence of 
delayed graft function and long-term transplant outcomes 
in patients who performed PD prior to transplantation are 
equivalent—if not superior to—those obtained in patients 
who performed HD. 385–389 A higher incidence of vascular 
graft thrombosis after performance of PD has been reported 
but this remains controversial. 387

Another difference between PD and HD patients po-
tentially in  uencing transplantation is that the control of 
anemia, with or without erythropoietin, is easier with PD. 390

Thus, PD patients are less likely to experience blood trans-
fusions and subsequent enhanced graft tolerance. Further-
more, the decreased transfusion requirement of PD patients 
makes hepatitis less likely, which is important considering 
the adverse effects of viral hepatitis on graft survival and the 
potential need for antiviral therapy prior to transplantation. 

When compared to HD patients, PD patients have better 
blood pressure control and preserved residual renal function, 
which may affect care in the immediate posttransplant pe-
riod. Patients receiving intraperitoneal insulin must be con-
verted back to subcutaneous insulin once PD is terminated. 

Because of a low frequency of delayed graft function, 
and because of the location of a pancreatic allograft in adults 
or the renal allograft in children, it has become common to 
remove PD catheters at the time of transplantation. If de-
sired, the PD catheter may be kept in place for up to 2 to 3 
months after transplantation. In that case, frequent   ushing 
is recommended to maintain catheter patency and to avoid 
unlubricated or unbuffered bowel contact which, especially 
in the patient on steroids, may result in abscess formation 
and potentially even erosion of the catheter through the 
bowel wall. 

A tunnel infection or active peritonitis generally pre-
cludes transplantation at that time. A prudent policy is to 
observe the course of the peritonitis for at least 2 weeks fol-
lowing the discontinuation of antibiotics. If no relapse has 
occurred, the patient is then reactivated on the recipient list. 

There is no difference in the frequency or types of non-
peritonitis-related posttransplant infections in recipients 
previously dialyzed by PD or HD. 391,392 If the PD catheter 
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