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Noninfectious Complications 
of Peritoneal Dialysis in Children

Sevcan A. Bakkaloğlu and Christine B. Sethna

Noninfectious (NI) complications, mainly related 
to the dialysis catheter, are the major causes of 
peritoneal dialysis (PD) technique failure and 
patient morbidity. These complications can be 
categorized into mechanical (catheter-related and 
related to intra-abdominal pressure) and 
technique- related (ultrafiltration problems and 
metabolic effects of the absorption of glucose 
and its degradation products) (Table 17.1) [1–4]. 
Membrane failure, characterized by ultrafiltra-
tion failure and inadequate solute removal, was 
responsible for 8–27% of cases of chronic PD  
(CPD) termination in pediatric series [5–7]. 
Additionally, adverse metabolic effects of PD 
may further exacerbate the increased cardiovas-
cular risk in end-stage kidney disease (ESKD).

 Mechanical Complications of PD

Long-term catheter survival rates seem to be 
improved over time [8–10]; however, in reality it 
is highly variable in different registries; at 

4  years, it was reported to be 73% in a recent 
report of the International Pediatric Peritoneal 
Dialysis Network (IPPN; based on the date from 
2007 to 2014) [9] and 75% in an earlier Turkish 
registry (1989–2002) [11], but 35% in a national 
registry from Italy [8]. In line with this, while two 
large retrospective studies from Germany [12] 
and from the USA [13] showed catheter exchange 
rates of 34%, other studies and registry reports 
revealed lower catheter replacement rates 
(7–17%), due to noninfectious complications 
[7–9, 14].

Data from 2453 patients enrolled in the IPPN 
between 2007 and 2015 showed that mechanical 
catheter-related problems (malfunction and leak-
age) doubled the risk of technique failure com-
pared with infectious causes (peritonitis and 
exit-site infection – 28%) [9].

The most common mechanical complications 
associated with PD catheters in children are 
inflow/outflow problems, catheter malposition, 
pericatheter leak, and hernia. Children under 
2 years of age or weighing less than 10 kg are at 
a higher risk of these complications [12–16].

Pain is another important complication of PD 
for children. It may occur during infusion – pos-
sibly related to the jet of fluid – or at the end of 
draining [3]. This discomfort is frequently tran-
sient, resolving shortly after PD is initiated. 
Coiled catheter design [17], usage of warm, bio-
compatible fluids, slowing the rate of infusion, 
and tidal dialysis may minimize infusion and 
pressure pain.
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 Obstruction of PD Fluid Flow

Inflow obstruction suggests intraluminal block-
age with fibrin or blood and may be due to kink-
ing of the catheter (Fig.  17.1a). It usually 
becomes obvious soon after catheter placement. 
Outflow failure, which is defined as incomplete 
drain of instilled dialysate, most commonly 

occurs because of constipation, catheter malpo-
sition, intraluminal catheter occlusion (often by 
thrombus and fibrin), extraluminal catheter 
occlusion (by omentum, adhesions, epiploid fat 
appendices, fallopian tubes), and catheter kink-
ing [1, 2].

Migration of the catheter out of the pelvic 
cavity (Fig. 17.1b) usually causes poor drainage 
and sometimes poor inflow of the dialysate, 
which is usually evident within days of place-
ment. Omental occlusion is commonly observed 
within several weeks of catheter implantation 
and may also cause migration. Large side holes 
on the intraperitoneal portion of PD catheter 
may cause omental entrapment [15]. Large 
pediatric series showed the rate of malfunction/
obstruction between 5% and 36% (Table 17.1) 
[7–10, 12–16, 18–20]. Age less than 1–2 years 
is a significant risk factor for dislocation [13] 
and malfunction [16]. A recent retrospective 
report analyzing infants only (n = 25, median: 
18 months) demonstrated that malfunction and 
malposition of the catheters were seen in 44% 
of the cases [18].

 Prevention Strategies
A simple strategy against malfunctioning 
migrated catheters is avoiding constipation. In 
addition to spontaneous repositioning, saline 
flushing into the peritoneal cavity, enema admin-
istration, and modification of the patient’s posi-
tion are conservative methods used by clinicians 
to reposition a migrated catheter. Liberal use of 
laxatives or enemas is an underappreciated strat-
egy to promote good catheter function via induc-
ing bowel peristalsis, since fecal impaction can 
cause catheter migration and external compres-
sion of the lumen by the bowel [1].

Other strategies to prevent early catheter mal-
function include appropriate catheter selection, 
optimal surgical technique by center’s best expe-
rience, good postimplantation care, and educa-
tion of patients and caregivers. Insertion of 
catheters by experienced and dedicated physi-
cians is advised [1, 15]. A number of modifica-
tions of PD catheter design have been proposed; 
however, overall, the intraperitoneal configura-
tion, straight vs coiled, or tunnel configuration, 

Table 17.1 Noninfectious complications of peritoneal 
dialysis [1–4]

Mechanical complications
Catheter-related
  Perioperative (perforation of viscus or hemorrhage)
  Obstruction to flow
   Inflow problems
    Catheter kinking
   Outflow failure
    Constipation
    Catheter malposition, kinking
    Catheter occlusion (internal by fibrin or 

external by omentum)
  Leakage (exit-site or concealed)
  Pain (on infusion or drainage)
  Catheter cuff extrusion, tunnel erosion
Related to increased intra-abdominal pressure
  Hernia
  Pleural leak (hydrothorax)
  Back pain
  Gastroesophageal reflux and delayed gastric 

emptying
Technique-related complications
Adequacy and ultrafiltration problems
  Inadequate solute clearance
   Poor compliance
   Decreased peritoneal permeability
  Inadequate ultrafiltration
   Fast transport status
   Encapsulated peritoneal sclerosis
Metabolic complications
  Hyperglycemia
  Hyperinsulinemia
  Hypertriglyceridemia
  Hypokalemia
  Magnesium alterations
Other complications
Hemoperitoneum
Pneumoperitoneum
Pancreatitis
Ischemic colitis and necrotizing enterocolitis
Subcapsular steatosis
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swan-neck vs straight, does not seem to modify 
this risk [1, 2, 9, 14, 17]. In the experience of the 
International Pediatric Peritonitis Registry 
(IPPR), the use of Tenckhoff catheters with a 
straight ending was associated with an increased 
rate of post-peritonitis technique failure [8]; how-
ever, in the IPPN registry, swan-neck tunnel with 
a curled intraperitoneal portion had a signifi-
cantly higher percentage of catheter revisions 
secondary to mechanical dysfunction and perito-
nitis compared with other catheter types [9]. On 
the other hand, a recent cohort from the USA 

reported that lateral exit-site was associated with 
catheter migration in small infants with single- 
cuff catheters [14]. A single cuff may act as a ful-
crum about which the catheter may rotate and 
cause malfunction. Tunneling these catheters 
straight superiorly is suggested [14]. In line with 
this, a recent RCT demonstrated that a new open 
surgical technique, involving catheter fixation to 
the lower abdominal wall combined with a 
straight upward tunnel configuration and low 
implant position (i.e., a shorter intra-abdominal 
catheter section), was successful in reducing 

a b

c d

Fig. 17.1 (a) Catheter kinking, (b) catheter migration out 
of the pelvic cavity, (c) genital swelling due to leakage in 
an infant on chronic peritoneal dialysis, (d) inguinal her-

nia in a child on nightly intermittent peritoneal dialysis. 
(With permission of Sevcan A. Bakkaloglu, MD)
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catheter malfunction, due to migration and 
 omental entrapment [21]. Straight upward tunnel 
configuration for preventing catheter malfunction 
should be evaluated in pediatric RCTs.

There is a controversial data about the effect 
of omentectomy on catheter patency [13–16, 19]. 
Some studies showed 2–3 times reduced catheter 
replacement rate in patients undergoing an omen-
tectomy (7–15% vs 23–27%) [14, 16, 19]. On the 
other hand, recent retrospective studies suggested 
that omentectomy did not change early or late 
mechanical complications and the reoperation 
rate [13, 15]. Therefore, omentectomy is left to 
physician’s discretion in the current practice.

The catheter tip should sit deep in the pelvis. 
Selection of a catheter that is too short will result 
in poor drainage because the catheter will sit 
higher in the abdomen, where it is vulnerable to 
interference with omentum. Compared with other 
methods of PD catheter placement, positioning of 
the catheter can be done more accurately with 
laparoscopy [22]. However, studies and meta- 
analyses have yielded conflicting results; some 
are in favor of laparoscopic placement [13, 23] in 
terms of long-term catheter complications, while 
others are not [24–26]. Advanced laparoscopic 
techniques might further improve clinical out-
come. Crabtree et  al. have described advanced 
laparoscopic management with rectus sheath tun-
neling, prophylactic adhesiolysis, and prophylac-
tic omentopexy (fixing the redundant omentum 
to the upper abdomen by means of a suture) and 
reported a reduction in the rate of catheter flow 
complications to <1% compared with 12% with 
standard laparoscopic technique [27]. In adults, 
nephroscope-assisted laparoscopic technique 
may also provide additional advantages over 
standard laparoscopy, including a single port 
entry and less leakage, less surgical time, and 
lower cost [28]. Particularly for patients at higher 
risk for catheter malfunction as a result of previ-
ous complicated abdominal surgery, advanced 
laparoscopic techniques provide good results in 
experienced hands. In children, the reported fre-
quencies of flow problems are similar with both 
implantation techniques, varying between 5% 
and 36% [8, 10, 19, 22, 29–31]. Furthermore, 

recent studies in infants/neonates who had their 
catheters implanted mainly laparoscopically 
observed 2–3 times more noninfectious compli-
cations compared to those implanted open surgi-
cally in different centers [7, 18]. While awaiting 
convincing data from pediatric RCTs, it should 
be realized that the frequency of complications 
decreases as the experience gained by the opera-
tor increases [15], regardless of the surgical 
technique.

 Treatment Options
Guidewire manipulation should be considered 
when poor drainage persists, despite an adequate 
trial of conservative methods. This treatment is 
usually reserved for catheters with radiographic 
evidence of migration to the hypochondriac 
region, although malfunctioning catheters that 
are properly positioned in the true pelvis may be 
entrapped in an adhesion and benefit from guide-
wire manipulation. Using a stiff rod and a stiff 
wire under fluoroscopy guidance, catheters can 
be drawn back into the rectovesical pouch with a 
promising long-term patency [32]. In an analysis 
of CPD outcomes in infants reported to the Italian 
registry, a successful catheter reposition rate of 
25% was noted [7]. If fluoroscopically guided 
manipulations fail, open or laparoscopic surgery 
is necessary to reposition the catheter. In omental 
trapping, laparoscopic mobilization of the cathe-
ter can also be possible [33].

Intraluminal instillation of thrombolytics is 
helpful if intraluminal obstruction persists after 
vigorous flushing and results in a high rate of res-
toration of flow. Administration of tissue plasmin-
ogen activator (tPA, 8 mg in 10 mL of sterile water 
injected into the catheter and allowed to dwell for 
1 h) in 29 cases of catheter obstruction resulted in 
restored patency in 24 instances with no adverse 
effects [34]. In children, empirically and partly 
based on patient and catheter size, 2.5–5 mg of tPA 
(1 mg/mL) in 10–20 mL saline may be used [35]. 
Pure tPA at a volume of 4 mL (4 mg) was shown to 
be effective in a newborn [36]. The reusability of 
tPA due to its nonallergenic properties makes it an 
attractive option, preventing unnecessary replace-
ment of PD catheters.

S. A. Bakkaloğlu and C. B. Sethna
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 Outcome
Although catheter patency can be sustained by 
conservative or interventional manipulations, 
obstruction to flow is still an important cause of 
catheter removal up to the rate of 22% in differ-
ent single-center retrospective series (Table 17.2). 
There were no significant differences between 
early and delayed catheter use groups in terms of 
mechanical catheter problems [9, 10, 20]. 
However, newborns and small infants should be 
accepted as exception. In a study from the USA, 
usage of catheter within 3 days postimplantation 
resulted in catheter removal in 72% of these 
babies (median age 18 days, 60% neonates), and 
obstruction was the second most common cause 
following leakage [18].

 Dialysate Leakage

An exit-site leak refers to the appearance of any 
moisture around the PD catheter identified as dial-
ysate; however, the spectrum of dialysate leaks 
also includes any dialysate loss from the perito-
neal cavity other than via the lumen of the cathe-
ter. Early leaks occur within 30  days of PD 
catheter insertion, and late leaks occur after this 
period. Early leakage most often manifests as a 
pericatheter leak and most commonly in new-
borns and infants [12, 14–16, 18]. Abdominal 
weakness appears to predispose mostly to late 
leaks, which may present more subtly with subcu-
taneous swelling and edema, weight gain, periph-
eral or genital edema, and apparent ultrafiltration 
failure. This reduced dialysate drainage may eas-
ily be mistaken for ultrafiltration failure at the 
peritoneal membrane level. Additionally, it is 
important to be aware that mechanical damage to 
the catheter will produce identical symptoms. A 
catheter puncture during suturing will be followed 
by leakage of dialysis fluid at the exit-site [33].

 Risk Factors and Prevention
Leakage of dialysate at the pericatheter site tends 
to occur early after catheter placement, in asso-
ciation with high dialysate volumes, and in those 
with a weak abdominal wall (such as those with a 
history of multiple surgeries or newborns/small 

infants) or loose purse-string suture on the perito-
neum and improperly sutured fascia [14, 33]. 
Intra-abdominal pressure increases linearly with 
the volume of dialysate infused and exponen-
tially when abdominal compliance is exhausted. 
So, initiating PD with low dialysate volume 
(300 mL/m2 body surface area) has been recom-
mended as a good practice measure [37]. In addi-
tion, leaks frequently occur only after a patient 
becomes physically active and are less common 
in those who undergo dialysate exchanges when 
supine. Adult reports indicate that the incidence 
of dialysate leakage is seen in slightly more than 
5% of CAPD patients [37]. The reported inci-
dence of pericatheter leak is widely variable 
(3–41.5%) in different pediatric series [8, 10, 
12–16, 18–20, 22, 29–31, 38] (Table  17.2). 
Infants with a body weight of <10 kg have 3–5 
times higher risk of leakage compared to the 
older children [14, 15, 18]. Frequency of leakage 
can be as high as 71% in newborns [18]. So, the 
increased likelihood of leakage may be explained 
by patient size and delayed healing due to 
decreased subcutaneous tissue [18]. Although 
higher incidence of leakage may in part be attrib-
uted to surgical catheter placement in adult stud-
ies, the implantation method, either open surgical 
or percutaneous or laparoscopic, did not appear 
to make significant difference in pediatric series 
[8, 10, 18, 22].

Other factors suggested as potentially related 
to dialysate leak include the immediate initiation 
of PD [18] and median PD catheter insertion 
[37]. In a retrospective pediatric study, the 
delayed use of peritoneal catheter after its 
implantation (>14  days) was associated with a 
lower incidence of dialysate leak [29]. In line 
with this, the use of PD catheters within 3 days of 
placement was associated with catheter failure in 
newborns and infants [18]. Recent, large retro-
spective studies confirmed the impact of small 
age on leakage [12, 13, 15, 18]. On the other 
hand, the incidence of dialysate leakage in the 
IPPN cohort including 2453 patients with a 
median age of 10.5 (IQR, 3.4–14.2) years was 
similar for early (<7 days) and late (>7 days) PD 
start [9].

17 Noninfectious Complications of Peritoneal Dialysis in Children



296

Ta
bl

e 
17

.2
 

N
on

in
fe

ct
io

us
 c

om
pl

ic
at

io
ns

 o
f 

pe
ri

to
ne

al
 d

ia
ly

si
s:

 s
um

m
ar

y 
of

 p
ed

ia
tr

ic
 s

tu
di

es
 f

ro
m

 d
if

fe
re

nt
 c

ou
nt

ri
es

R
in

al
di

 [
8]

R
ah

im
 [

29
]

D
on

m
ez

 [
30

]
M

ac
ch

in
i [

31
]

A
ks

u 
[1

0]
St

ri
ng

el
 [

22
]

H
oo

m
an

 
[3

8]
L

ad
d 

[1
9]

V
id

al
 [

7]
Ph

an
 [

16
]

Pu
bl

ic
at

io
n 

ye
ar

20
04

, I
ta

ly
20

04
, U

SA
20

05
, T

ur
ke

y
20

06
, I

ta
ly

20
07

, T
ur

ke
y

20
08

, U
SA

20
09

, I
ra

n
20

11
, U

SA
20

12
, I

ta
ly

20
13

, U
SA

St
ud

y 
pe

ri
od

19
86

–2
00

0
19

90
–2

00
0

19
97

–2
00

4
19

86
–2

00
2

19
95

–2
00

5
–

19
93

–2
00

6
19

86
–2

00
8

R
et

ro
sp

ec
tiv

e,
 

si
ng

le
 c

en
te

r

19
95

–2
00

7
R

eg
is

tr
y 

da
ta

19
94

–2
00

9
R

et
ro

sp
ec

tiv
e,

 
si

ng
le

 c
en

te
r

N
um

be
r 

of
 

pa
tie

nt
s

36
3 

(5
03

 
ca

th
et

er
s)

90
 (

12
7 

ca
th

et
er

s)
53

 (
72

 
ca

th
et

er
s)

78
 (

89
 

ca
th

et
er

s)
93

 (
10

8 
ca

th
et

er
s)

21
12

2
16

3
84

20
7

A
ge

<
15

 y
ea

rs
0–

21
 y

ea
rs

3 
da

ys
–1

9 
ye

ar
s

3 
m

on
th

s–
16

 
ye

ar
s

3 
m

on
th

s–
16

 
ye

ar
s

<
14

 y
ea

rs
M

ea
n:

 6
.2

5 
±

 
5.

58
 y

ea
rs

A
ll 

ar
e 

in
fa

nt
s 

st
ar

te
d 

dx
 <

1 
ye

ar
s

M
ed

ia
n:

 1
2 

(r
an

ge
: 0

–2
1)

 
ye

ar
s

In
se

rt
io

n 
te

ch
ni

qu
e

Su
rg

ic
al

, 
om

en
te

ct
om

y 
in

 8
2.

4%

Pe
rc

ut
an

eo
us

Su
rg

ic
al

 
la

pa
ro

sc
op

ic

O
pe

n 
su

rg
ic

al
 

+
 

om
en

te
ct

om
y 

in
 7

0%

Pe
rc

ut
an

eo
us

L
ap

ar
os

co
pi

c 
+

 
om

en
te

ct
om

y

Su
rg

ic
al

A
ll 

op
en

 b
ut

 
1%

 
la

pa
ro

sc
op

ic
, 

53
%

 p
ar

tia
l 

om
en

te
ct

om
y

O
pe

n 
su

rg
ic

al
 

+
 

om
en

te
ct

om
y 

(9
7%

)

M
ai

nl
y 

op
en

, 
(l

ap
ar

os
co

pi
c 

in
 9

%
) 

+
 

pa
rt

ia
l o

r 
to

ta
l 

om
en

te
ct

om
y 

in
 7

5%
PD

 m
od

al
ity

C
C

PD
C

A
PD

C
A

PD
/C

C
PD

C
A

PD
/C

C
PD

–
C

A
PD

C
PD

 a
nd

 a
cu

te
 

(1
5%

 
id

io
pa

th
ic

 
ac

ut
e 

re
na

l 
fa

ilu
re

)

C
PD

 (
70

%
 

A
PD

 3
0%

 
C

A
PD

 th
en

 
A

PD
)

C
PD

C
at

he
te

r 
ty

pe
M

ai
nl

y 
do

ub
le

- c
uf

f 
st

ra
ig

ht

M
ai

nl
y 

do
ub

le
- c

uf
f 

sw
an

- n
ec

k 
cu

rl
ed

 a
nd

 
st

ra
ig

ht

M
ai

nl
y 

do
ub

le
- c

uf
f 

st
ra

ig
ht

D
ou

bl
e-

cu
ff

 
sw

an
-n

ec
k 

cu
rl

ed

Si
ng

le
- c

uf
f 

cu
rl

ed
, 

do
w

nw
ar

d 
or

 
la

te
ra

l 
ex

it-
si

te

D
ou

bl
e-

cu
ff

 
st

ra
ig

ht
 o

r 
sw

an
-n

ec
k 

cu
rl

ed

C
ur

l o
r 

st
ra

ig
ht

 
Q

ui
nt

on
 

ca
th

et
er

s

M
ai

nl
y 

do
ub

le
 

cu
ff

ed
, c

ur
le

d,
 

do
w

nw
ar

d-
po

in
tin

g 
ex

it-
si

te

M
os

tly
 c

ur
le

d

T
im

in
g 

of
 

ca
th

et
er

 u
se

E
ar

ly
 v

s 
la

te
E

ar
ly

 v
s 

la
te

E
ar

ly
 v

s 
la

te
A

ft
er

 1
 w

ee
k

E
ar

ly
 v

s 
la

te
–

H
er

ni
a

15
.1

%
1.

5%
N

o
20

%
33

%
 f

or
 

pa
tie

nt
s 

<
1 

ye
ar

 v
s 

10
%

 
fo

r 
th

os
e 

>
1 

ye
ar

S. A. Bakkaloğlu and C. B. Sethna



297

L
ea

k
5.

8%
14

.2
%

41
.5

%
2.

5%
N

o
Se

ve
ra

l m
in

or
 

le
ak

s
15

%
13

%
3

18
%

 f
or

 
pa

tie
nt

s 
<

1 
ye

ar
 v

s 
3%

 f
or

 
th

os
e 

>
1 

ye
ar

K
in

k
7%

D
is

lo
ca

tio
n

5.
8%

3.
5%

12
%

11
%

6
M

al
fu

nc
tio

n 
(o

bs
tr

uc
tio

n,
 

dr
ai

na
ge

 
pr

ob
le

m
s)

5.
3%

21
.3

%
20

.8
%

5%
7%

7 
ca

th
et

er
s

36
%

9

C
uf

f 
ex

tr
us

io
n

4.
8%

5.
7%

3

C
at

he
te

r 
ex

ch
an

ge
7.

6%
 (

38
 

ca
th

et
er

s 
(1

7 
ob

st
ru

ct
io

n,
 

14
 

di
sl

oc
at

io
n,

 4
 

cu
ff

 
ex

tr
us

io
n,

 3
 

le
ak

ag
e)

)

C
at

he
te

r 
m

al
fu

nc
tio

n 
in

 1
1.

8%
 o

f 
th

e 
pa

tie
nt

s,
 

le
ak

 w
ith

 
in

fe
ct

io
n 

in
 

1.
6%

39
.6

%
 (

21
 

ca
th

et
er

s 
fr

om
 

20
 p

at
ie

nt
s,

 
m

al
fu

nc
tio

n 
in

 1
1 

pa
tie

nt
s 

an
d 

le
ak

 in
 9

 
pa

tie
nt

s)

7.
9%

 (
7 

ca
th

et
er

s 
(6

 
di

sl
oc

at
io

n,
 1

 
ob

st
ru

ct
io

n)
)

12
%

 (
13

 
ca

th
et

er
s 

fr
om

 1
1 

pa
tie

nt
s 

(m
al

fu
nc

tio
n 

in
 6

, 
di

sl
oc

at
io

n 
in

 
3,

 o
m

en
ta

l 
ca

pt
ur

e 
in

 2
, 

ki
nk

 in
 2

))

7 in
te

rv
en

tio
ns

 
in

 5
 p

at
ie

nt
s 

(2
4%

) 
du

e 
to

 
ad

he
si

on
s

C
at

he
te

r 
ob

st
ru

ct
io

n 
in

 8
.7

%
 o

f 
th

e 
pa

tie
nt

s

63
 (

39
%

) 
un

de
rw

en
t 

ca
th

et
er

 
re

vi
si

on
 

(o
bs

tr
uc

tio
n 

in
 

23
, l

ea
k 

in
 8

, 
m

al
po

si
tio

n 
in

 
7)

C
at

he
te

r 
re

pl
ac

em
en

t 
in

 1
5%

 o
f 

ca
se

s,
 a

ll 
m

ec
ha

ni
ca

l 
co

m
pl

ic
at

io
ns

. 
21

 c
at

he
te

rs
 

w
er

e 
re

po
si

tio
ne

d,
 

du
e 

to
 N

I 
co

m
pl

ic
at

io
n

46
 (

22
%

) 
ca

th
et

er
s 

w
er

e 
re

m
ov

ed
 f

or
 

m
al

fu
nc

tio
n 

34
%

 
ad

he
si

on
s,

 
24

%
 le

ak
, 

17
%

 fi
br

in
 

pl
ug

s,
 1

7%
 

m
ig

ra
tio

n,
 a

nd
 

8%
 o

th
er

 
re

as
on

s

(c
on

tin
ue

d)

17 Noninfectious Complications of Peritoneal Dialysis in Children



298

Ta
bl

e 
17

.2
 

(c
on

tin
ue

d)

K
im

a  [
3]

C
ar

pe
nt

er
 [

13
]

R
ad

tk
e 

[1
2]

B
or

zy
ch

-D
uz

al
ka

 
[9

]
L

aP
la

nt
 [

14
]

R
ad

tk
e 

[1
5]

Im
an

i [
18

]
N

ik
ib

ak
hs

h 
[2

0]
Pu

bl
ic

at
io

n 
ye

ar
20

15
, K

or
ea

20
16

; U
SA

20
16

, G
er

m
an

y
20

17
, 

in
te

rn
at

io
na

l
20

18
, U

SA
20

18
, G

er
m

an
y

20
18

, U
SA

20
18

, I
ra

n

St
ud

y 
pe

ri
od

19
86

–2
01

2
R

et
ro

sp
ec

tiv
e,

 
si

ng
le

 c
en

te
r

20
02

–2
01

4
R

et
ro

sp
ec

tiv
e,

 
si

ng
le

 c
en

te
r

20
09

–2
01

4
R

et
ro

sp
ec

tiv
e,

 
si

ng
le

 c
en

te
r

20
07

–2
01

5
R

eg
is

tr
y 

da
ta

In
te

rn
at

io
na

l

20
05

–2
01

7
R

et
ro

sp
ec

tiv
e

Tw
o 

ce
nt

er
s

20
09

–2
01

5
R

et
ro

sp
ec

tiv
e

Tw
o 

ce
nt

er
s

R
et

ro
sp

ec
tiv

e,
 

si
ng

le
 c

en
te

r, 
20

02
–2

01
5

20
05

–2
01

1
R

et
ro

sp
ec

tiv
e,

 
si

ng
le

 c
en

te
r

N
um

be
r 

of
 

pa
tie

nt
s

60
 p

at
ie

nt
s 

(7
0 

ca
th

et
er

s)
11

6 
pa

tie
nt

s,
 1

73
 

ca
th

et
er

s
60

 (
71

 c
at

he
te

rs
)

24
53

 (
82

4 
in

ci
de

nt
, 1

62
9 

pr
ev

al
en

t)

13
0 

pa
tie

nt
s,

 1
57

 
ca

th
et

er
s

12
2 

pa
tie

nt
s,

 
15

4 
ca

th
et

er
s

25
 c

at
he

te
rs

, 
on

ly
 <

2 
ye

ar
s

56

A
ge

 a
t 

di
al

ys
is

 
in

iti
at

io
n

9.
9 

±
 5

.5
 (

at
 d

x 
in

iti
at

io
n)

9.
7 

±
 6

.3
 y

ea
rs

 (
2 

da
ys

 to
 2

2 
ye

ar
s)

M
ed

ia
n:

 3
.3

 
(0

.0
1–

15
.5

) 
ye

ar
s

M
ed

ia
n 

10
.5

 
(I

Q
R

: 3
.4

–1
4.

2)
 

ye
ar

s

4 
±

 5
.3

 y
ea

rs
 (

1 
da

y 
to

 2
3 

ye
ar

s)
 –

 4
6%

 
in

fa
nt

s

M
ed

ia
n:

 3
.0

 
(0

.0
1–

17
.1

) 
ye

ar
s

M
ed

ia
n:

 1
8 

(7
–1

21
) 

da
ys

, 
60

%
 n

eo
na

te

M
ed

ia
n:

 6
.5

 y
 

(1
 m

on
th

 –
 1

4 
ye

ar
s)

In
se

rt
io

n 
te

ch
ni

qu
e

–
O

pe
n 

(1
22

) 
an

d 
la

pa
ro

sc
op

ic
 (

51
) 

±
 p

ar
tia

l 
om

en
te

ct
om

y 
(3

4%
)

O
pe

n 
su

rg
ic

al
A

ll
M

ai
nl

y 
op

en
 a

nd
 

la
pa

ro
sc

op
ic

 (
n 

=
 2

0,
 1

3%
) 

+
 

om
en

te
ct

om
y

O
pe

n 
±

 p
ar

tia
l 

om
en

te
ct

om
y

L
ap

ar
os

co
pi

c 
(8

4%
) 

±
 

om
en

te
ct

om
y 

(4
0%

)

O
pe

n 
su

rg
ic

al
 

±
 o

m
en

te
ct

om
y

PD
 m

od
al

ity
C

A
PD

A
ll 

C
PD

33
 C

PD
, 3

7 
ac

ut
e

C
hr

on
ic

 P
D

A
cu

te
 a

nd
 C

PD
89

 c
at

he
te

rs
 f

or
 

C
PD

, r
em

ai
ni

ng
 

fo
r 

ac
ut

e 
us

e

C
PD

A
cu

te
 (

21
) 

an
d 

C
PD

 (
35

) 
(>

3 
w

ee
ks

 o
n 

PD
)

C
at

he
te

r 
ty

pe
Tw

o-
cu

ff
ed

 
st

ra
ig

ht
 T

en
ck

ho
ff

, 
do

w
nw

ar
d-

 
po

in
tin

g 
E

S

D
ou

bl
e 

cu
ff

ed
 

ca
th

et
er

s
O

ne
 c

uf
fe

d
A

ll 
ty

pe
s

A
rg

yl
e 

cu
rl

 
ca

th
et

er
s 

(n
o 

st
ra

ig
ht

 tu
nn

el
) 

up
w

ar
d-

po
in

tin
g 

E
S

O
ne

-/
do

ub
le

- 
cu

ff
ed

 c
ur

le
d 

an
d 

st
ra

ig
ht

 
ca

th
et

er
s 

in
 

sm
al

l c
hi

ld
re

n 
(n

 =
 1

9)
, 

do
w

nw
ar

d 
E

S

O
ne

/d
ou

bl
e 

(2
9%

)-
cu

ff
ed

 
cu

rl
ed

 (
48

%
) 

an
d 

st
ra

ig
ht

 
ca

th
et

er
s

Sw
an

-n
ec

k 
co

il 
tw

o 
cu

ff

T
im

in
g 

of
 

ca
th

et
er

 u
se

Im
m

ed
ia

te
ly

, <
7 

da
y,

 ≥
7 

da
y

Sa
m

e 
da

y 
an

d 
la

te
r 

on
 –

 2
2%

 
de

la
ye

d 
us

e

U
se

 w
ith

in
 3

 
da

ys
 (

48
%

)
Im

m
ed

ia
te

 u
se

H
er

ni
a

H
er

ni
a 

(8
.6

%
)

10
%

15
%

 in
 in

fa
nt

s,
 

an
d 

5%
 in

 o
ld

er
 

ch
ild

re
n

20
%

 h
er

ni
a 

at
 

ca
th

et
er

 
in

se
rt

io
n 

(6
0%

 
of

 n
ew

bo
rn

s)

S. A. Bakkaloğlu and C. B. Sethna



299

L
ea

k
L

ea
ka

ge
 (

10
.0

%
)

7.
1%

 (
on

ly
 in

 
<

10
 k

g)
29

 (
%

1)
14

%
21

%
 le

ak
ag

e 
fo

r 
in

fa
nt

s 
vs

 8
%

 f
or

 
ot

he
rs

18
 (

11
.7

%
 o

f 
ca

th
et

er
s)

(2
5.

5%
 f

or
 p

ts
. 

<
 1

0 
kg

 v
s 

5.
6%

 
fo

r 
pt

s.
 >

 1
0 

kg
)

32
%

 (
71

%
 o

f 
ne

w
bo

rn
s)

5.
35

%

D
is

lo
ca

tio
n

C
at

he
te

r 
tip

 
m

ig
ra

tio
n 

(2
.9

%
)

7%
 (

15
%

 f
or

 p
ts

. 
<

 2
 y

ea
rs

 v
s 

5%
 

fo
r 

th
os

e 
>

2 
ye

ar
s)

10
%

6%
16

 (
10

.4
%

 o
f 

th
e 

ca
th

et
er

s)
18

%

M
al

fu
nc

tio
n 

(o
bs

tr
uc

tio
n,

 
dr

ai
na

ge
 

pr
ob

le
m

s)

O
ut

flo
w

 f
ai

lu
re

 
(1

4.
3%

)
24

%
 (

in
cl

ud
in

g 
le

ak
 a

nd
 k

in
k)

12
.9

%
27

0 
(%

11
)

6%
 –

 a
dh

es
io

n
31

 (
20

.1
%

 o
f 

ca
th

et
er

s)
(1

5 
– 

om
en

ta
l 

tr
ap

pi
ng

)

26
%

21
.4

%

C
at

he
te

r 
ex

ch
an

ge
C

at
he

te
r 

m
al

fu
nc

tio
n,

 
in

ju
ry

, a
nd

 o
oz

in
g 

re
su

lte
d 

in
 c

at
he

te
r 

re
m

ov
al

 in
 7

 
(1

1.
6%

) 
pa

tie
nt

s 
– 

ca
th

et
er

 e
xc

ha
ng

e 
ra

te
 is

 7
.1

%
 (

n 
=

 
5)

34
%

 o
f 

th
e 

pa
tie

nt
s 

ha
d 

th
ei

r 
ca

th
et

er
 

ex
ch

an
ge

d 
du

e 
to

 
N

I 
ca

us
es

 
(d

ys
fu

nc
tio

n 
m

or
e 

in
 c

hi
ld

re
n 

<
2 

ye
ar

s)

17
 o

ut
 o

f 
70

 
ca

th
et

er
s 

(2
4.

3%
) 

ne
ed

ed
 a

 s
ur

gi
ca

l 
re

vi
si

on
 w

ith
in

 6
 

m
on

th
s 

af
te

r 
im

pl
an

ta
tio

n

C
at

he
te

r 
m

al
fu

nc
tio

n 
an

d 
le

ak
ag

e 
re

su
lte

d 
in

 c
at

he
te

r 
ex

ch
an

ge
 in

 
7.

8%
 o

f 
th

e 
pt

s.
 

(n
 =

 1
92

)b

17
%

 o
f 

th
e 

pa
tie

nt
s 

ha
d 

th
ei

r 
ca

th
et

er
 

ex
ch

an
ge

d 
(8

 f
or

 
le

ak
ag

e,
 3

 
m

ig
ra

tio
n,

 1
 

ad
he

si
on

, 1
 

he
rn

ia
)

53
 (

34
.4

%
) 

ca
th

et
er

s 
un

de
rw

en
t 

re
vi

si
on

18
 n

ew
 

ca
th

et
er

s 
(7

2%
) 

w
er

e 
in

se
rt

ed
 

w
ith

in
 

12
-m

on
th

 
fo

llo
w

-u
p

8.
3%

 o
f 

C
PD

 
pa

tie
nt

s 
tr

an
sf

er
re

d 
to

 
H

D
N

I 
co

m
pl

ic
at

io
ns

 
ar

e 
sa

m
e 

w
ith

 
im

m
ed

ia
te

 u
se

.

C
P

D
 c

hr
on

ic
 p

er
ito

ne
al

 d
ia

ly
si

s,
 E

S 
ex

it-
si

te
, I

Q
R

 in
te

rq
ua

rt
ile

 r
an

ge
, N

I 
no

n-
in

fe
ct

io
us

, y
 y

ea
rs

, d
 d

ay
s,

 p
ts

. p
at

ie
nt

s
a O

th
er

 n
on

in
fe

ct
io

us
 c

om
pl

ic
at

io
ns

: p
er

ito
ne

al
 b

le
ed

in
g 

(7
.1

%
),

 in
flo

w
 o

r 
ou

tfl
ow

 p
ai

n 
(4

.3
%

),
 c

at
he

te
r 

in
ju

ry
 b

y 
pa

tie
nt

 o
r 

ca
re

gi
ve

r 
(2

.9
%

),
 a

nd
 a

bd
om

in
al

 d
is

te
ns

io
n 

(1
.4

%
);

 
m

et
ab

ol
ic

 c
om

pl
ic

at
io

ns
: 5

%
 o

f 
th

e 
pa

tie
nt

s
b A

cc
es

s 
re

vi
si

on
: 1

3%
 o

f 
al

l p
at

ie
nt

s 
an

d 
23

%
 o

f 
in

ci
de

nt
 p

at
ie

nt
s 

re
qu

ir
ed

 o
ne

 o
r 

m
or

e 
ac

ce
ss

 r
ev

is
io

ns

17 Noninfectious Complications of Peritoneal Dialysis in Children



300

A decreasing overall incidence of leakage was 
reported by the Italian registry, possibly related 
to improved surgical experience [8]. In a pro-
spective, open-label randomized study performed 
in a single pediatric center, the application of 
fibrin glue to the peritoneal cuff suture prevented 
early dialysate leakage [39]. Overall, the surgical 
approach, the number of cuffs, and the primary 
renal diagnosis were not predictors of initial 
catheter complications [18]; however, omentec-
tomy may be a risk factor for leakage by recog-
nizing the rate of leakage as 25% vs 5% in 
patients with or without omentectomy [19].

 Diagnosis
The presence of fluid around a peritoneal catheter 
may be due to leakage of dialysate or to serosan-
guineous fluid extruding from the subcutaneous 
tissue. If the etiology of the fluid is unclear, a 
dialysate leak can be confirmed by checking the 
glucose concentration of the leaking fluid.

Fluid infiltration of the abdominal wall is eas-
ily overlooked, particularly in obese patients. 
Reduced drain volumes may occur because a 
substantial portion of the dialysate leaks into the 
abdominal wall and once a steady state is 
achieved is absorbed at a rate equal to the leakage 
rate. Normal solute equilibration in the PET, with 
apparently lacking ultrafiltration, suggests the 
diagnosis of “internal” leakage. The most widely 
used approach to confirm the diagnosis and to 
determine the exact site of fluid leaking into the 
abdominal subcutaneous tissue and/or intermus-
cular layers is T2-weighted MRI with an empty 
and filled abdominal cavity or CT with contrast 
agent-added PD fluid [33, 37].
Groin or genital swelling caused by leaks 
(Fig. 17.1c) is usually related to underlying her-
nias (which are often palpable), with a patent 
processus vaginalis, or a peritoneal membrane 
defect along the catheter tract. Scrotal swelling is 
much more common than labial swelling; it is 
generally bilateral. Leakage into the pleural space 
will be discussed separately below.

 Management
Successful management of pericatheter leaks can 
usually be accomplished by decreasing the dialy-
sate volume. Occasionally, converting the patient 
to continuous peritoneal modalities in which 
exchanges occur when supine or application of 
temporary hemodialysis may resolve dialysate 
leakage. Leaks that do not respond to conserva-
tive management may require minor surgical 
repair of the deep cuff or rarely catheter 
 replacement. Surgical repair has been strongly 
suggested for leakage causing genital swelling 
[33, 37].

 Hernia

Hernia is a common complication in children on 
PD, with a reported incidence up to 30% across 
pediatric series (Table  17.2). Several different 
types of hernias have been described in PD 
patients. The sites of anatomic weakness that 
predispose to hernia formation include the 
inguinal canals with or without patent processus 
vaginalis, the umbilicus, the linea alba, the exit 
site, and any sites of prior surgical incision 
(Fig. 17.1d).

 Risk Factors
The risk of PD-associated hernia in children is 
affected by the intraperitoneal pressure (IPP), the 
patient age [14, 16, 18, 40–42], and the presence 
of anatomically weak sites in the abdominal wall 
[40]. Infants compared to older children had a 
three times higher risk of hernia development 
(15% vs 5% and 33% vs 11%, in different series) 
[14, 16]. In a study from the USA, 20% of 25 
infants starting CPD during the first 2 years of life 
had hernia at catheter insertion; 60% of those 
cases were newborns, and presence of a hernia was 
one of the main predictors of initial PD catheter 
failure in small infants [18]. Therefore, the risk of 
hernia seems to be confined to neonates and infants 
[14, 16, 18], due to their high incidence of patent 
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processus vaginalis and, possibly, higher intra-
abdominal pressure. These findings support the 
concept of prophylactic closure of the processus 
vaginalis at the time of catheter insertion in neo-
nates and young infants. Recently in adults, com-
bined hernia repair and PD catheter placement has 
been shown as a safe procedure [43]. However, the 
presence of a hernia at PD catheter placement with 
or without repair was associated with dialysate 
leak in neonates and infants [18].
Abdominal wall hernias are not uncommon in 
patients on CAPD, and some risk factors have 
been identified in adult patients. These include 
female gender, increasing age, longer time on 
peritoneal dialysis, increasing number of lapa-
rotomies, and multiparity [44]. However, there is 
no clear data in children.

 Clinical Features
The most common presentation of the hernia is a 
painless swelling. Other symptoms associated 
with abdominal hernia in PD patients include dis-
comfort or disfigurement and problems related to 
a complication from the hernia. Complicated her-
nias present as a tender lump, recurrent gram- 
negative peritonitis, bowel obstruction, and 
perforation, if there is strangulation or incarcera-
tion of the bowel. An umbilical hernia has a spe-
cial predilection for strangulation. Catheter and 
other incisional site hernias and least commonly 
inguinal hernias may lead to incarceration and 
strangulation of the bowel. These complications 
are also more likely when the hernia is small, pre-
venting the free movement of bowel into and out 
of the hernia sac. The presence of genital swell-
ing may suggest occult indirect inguinal hernias 
[2]. Additionally, hernias may be associated with 
poor PD outcomes because of ineffective dialysis 
from increases in hernia size with increasing 
dwell volumes.

 Diagnosis
Patients can easily be diagnosed clinically. MRI 
or CT peritoneography is a useful confirmatory 
diagnostic procedure. Peritoneal scintigraphy is 
usually used in patients who are allergic to con-
trast dye and in centers where MR peritoneogra-
phy is not available [2].

 Prevention
There are several implantation  best practice rec-
ommendations for preventing leakage and her-
nias. Two-cuff designs and placement of the deep 
cuff at an intramuscular location are preferred. 
Intramuscular cuff placement results in fewer 
pericatheter leaks and hernias. In infants and chil-
dren, a paramedian fascial incision is usually pre-
ferred in order to avoid herniation or dialysate 
leakage [8]. However, surprisingly, the number of 
catheter cuffs was not significantly associated 
with catheter outcomes in a recent cohort of infant 
PD [18]. Laparoscopic catheter placement is an 
attractive alternative to open surgical insertion, 
since it allows complete visualization of the peri-
toneal cavity, including inspection of the inner 
inguinal ring and prophylactic closure of patent 
processus vaginalis in infants [22]. A recent paper 
from the USA reported that three umbilical her-
nias, three bilateral inguinal hernias, and two ven-
tral hernias were successfully repaired in 8 of 21 
pediatric patients during laparoscopic PD catheter 
placement [22].
Intraperitoneal pressure (IPP) can be easily mea-
sured using a central venous pressure scale 
attached to the PD tubing system as the mean of 
inspiratory and expiratory pressure in the midaxil-
lary line in the supine position. IPP in the empty 
abdominal cavity is 0.5–2.2  cmH2O, increasing 
with rising amounts of fluid volume and change in 
posture. The supine position generates the lowest 
IPP for a given volume of IP fluid [2]. 
Biocompatible PD solutions reduce IPP by 
15–20%. On the other hand, IPP increases with 
obesity and organomegaly, for example, autoso-
mal recessive polycystic kidney disease. Likewise, 
abdominal pain and constipation increase IPP 
[45]. IPP monitoring may be used as an objective 
measure to guide fill volume prescription by 
determining how much intraperitoneal volume is 
tolerated and potentially lower the risk of mechan-
ical complications such as hernia and leakage [40, 
41, 45], although the concept has not been veri-
fied in RCTs. In children, IPP is usually accept-
able up to 13–14 cmH2O, which corresponds to a 
mean fill volume of 1400 mL/m2. Abdominal pain 
is not reported below 12 cmH2O. Below 2 years of 
age, IPP should not be above 8–10 cmH2O, that is, 
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in most cases fill volume not above 800 mL/m2. 
Otherwise, the risk of hernia and leakage increases 
considerably in infants [45].

 Treatment
Most hernias need surgical repair [33]. Repair of 
preexisting hernias and delaying PD catheter use 
to allow for a longer period of healing reduces the 
risk of complications and improves the overall 
catheter survival [18]. If immediate use of PD 
catheter is necessary, patients should be main-
tained on low-volume nocturnal cyclic PD, with 
an empty or small-volume dwell during 
daytime.

 Hydrothorax
Hydrothorax is an uncommon but well- 
recognized complication of peritoneal dialysis. 
The reported incidence of hydrothorax varies 
from 1.6% to 10%. It can present as an asymp-
tomatic effusion found on a chest radiograph 
([46], Fig. 17.2a), or it can be massive, causing 
major respiratory symptoms. Hydrothorax can 
follow the first few dialysate exchanges or occur 
after years of uneventful PD [37]. Increased 
intra-abdominal pressure after instillation of fluid 
into the peritoneal cavity can result in leakage of 

the PD solution from the peritoneal cavity into 
the pleural space across the diaphragm. The pleu-
ral to peritoneal connection is almost always on 
the right side. The presence of the heart and peri-
cardium may prevent the leak of fluid across the 
left hemidiaphragm. The condition should be dif-
ferentiated from other causes of transudative 
pleural effusion, such as congestive cardiac fail-
ure, hypoalbuminemia, or fluid overload for any 
reason [2, 37]. Spontaneous leakage of dialysate 
fluid from the peritoneal cavity into the pericar-
dium via a pericardioperitoneal fistula, “hydro-
pericardium,” is an extremely rare, potentially 
life-threatening complication of PD [47].

 Pathogenesis
The physiopathology of hydrothorax is not 
entirely clear. It is most commonly secondary to 
a pleuroperitoneal communication. Possible 
mechanisms include a disorder of lymphatic 
drainage, pleuroperitoneal pressure gradient, and 
congenital diaphragmatic defects. A disorder of 
lymphatic drainage was suggested by the finding 
of diaphragmatic lymphatic swelling after perito-
neal fluid instillation during surgical exploration. 
In autopsy studies, discontinuities in the tendi-
nous portions of the hemidiaphragms have been 

a b

Fig. 17.2 (a) Right-sided massive pleural effusion. (b) Complete resolution of pleural effusion after pleurodesis with 
tetracycline. (With permission of Sevcan A. Bakkaloglu, MD)
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observed, thereby supporting the presence of dia-
phragmatic defects. In addition, the negative 
intrathoracic pressure combined with an 
increased intra-abdominal pressure caused by 
dialysate instillation may open small defects in 
the diaphragm and promote the flow of dialysate 
into the pleural space [2, 37].

 Clinical Features
The most common clinical symptom is shortness 
of breath, which can be mistaken for congestive 
heart failure. Patients may use more hypertonic 
dialysis solution to increase ultrafiltration; how-
ever, that will lead to a further increase in the 
intra-abdominal pressure and subsequently wors-
ening of symptoms. Physical examination will 
reveal decreased or absent breath sounds and 
stony dullness on percussion.

 Diagnosis
Chest X-ray may show right-sided pleural effu-
sion (Fig. 17.2a). The presence of left-sided pleu-
ral effusion should prompt the clinician to 
evaluate for other secondary causes of hydrotho-
rax. Thoracocentesis with biochemical analysis 
of pleural fluid is the first-line investigation. A 
transudative effusion with high glucose content 
(>300–400 mg/dL or pleural fluid to serum glu-
cose concentration gradient >50 mg/dL) proves 
the peritoneal origin of the pleural fluid. In 
patients with icodextrin solution, iodine mixed 
with the effluent results in a bluish-black discol-
oration, which is diagnostic for PD-induced 
hydrothorax [48]. In uncertain cases, or when 
there is a clinical need to demonstrate the anat-
omy of the communication, an imaging approach 
such as MRI or CT peritoneography can also be 
used [2, 49].

 Treatment
Once hydrothorax secondary to pleuroperitoneal 
communication is confirmed, temporary cessa-
tion of PD remains the first-line treatment. 

Frequent small-volume exchanges can be a fea-
sible alternative in children. In case of acute 
shortness of breath, discontinuation of PD and 
immediate thoracocentesis are indicated. PD can 
often be resumed after temporary cessation, pre-
sumably because of spontaneous resolution of 
the leakage.
Current evidence in adults shows that video- 
assisted thoracoscopic pleurodesis or diaphrag-
matic repair should be the treatment of choice in 
patients who failed conservative management 
[49]. Chemical pleurodesis has been performed 
with talc, autologous blood, and tetracycline 
([46], Fig. 17.2b), with uneventful recovery both 
in children and adults [2, 46, 49]. There is no evi-
dence to suggest that one agent is superior to 
another. The main side effect of these sclerosing 
agents is pain. Open surgical treatment is the last 
option for recurrent hydrothorax [2, 49].

 Technique-Related Complications

 Peritoneal Membrane Failure

Peritoneal membrane failure is an important 
complication of PD characterized by ultrafiltra-
tion failure (UFF) and/or inadequate solute 
removal. It ensues due mainly to structural and 
functional changes in the peritoneal membrane 
attributable to severe, persistent, and/or relapsing 
intraperitoneal infection and the use of conven-
tional bio-incompatible PD solutions, which are 
hyperosmolar, acidic, has lactate buffer and con-
tains high concentrations of glucose and glucose 
degradation products (GDPs) (see Chap. 12).

 Pathogenesis
Continuous exposure to bio-incompatible PD 
solutions and bacterial infection triggers inflam-
mation of the peritoneal membrane, which leads 
to the release of endogenous cellular compo-
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nents and matrix degradation products that cause 
progressive fibrosis, neoangiogenesis, vasculop-
athy, epithelial-to-mesenchymal transition 
(EMT) of mesothelial cells, collagen deposition 
in the sub- mesothelial compact zone and, ulti-
mately, UFF. A peritoneal biopsy study clearly 
showed that PD treatment per se had a strong 
impact on peritoneal fibrosis and vasculopathy. 
The thickness of the sub-mesothelial zone and 
the extent of vasculopathy were positively cor-
related with the duration of PD, and inversely 
with UF capacity [50].

There is emerging evidence that toll-like recep-
tor (TLR) activation of peritoneal mesothelial 
cells is linked to fibrosis of the membrane; thus, 
TLRs may be a potential therapeutic target for 
preventing fibrosis and membrane failure [51]. 
EMT of peritoneal mesothelial cells is also an 
important mechanism involved in the process of 
peritoneal membrane failure. EMT is induced by 
multiple stimuli, which include GDPs and 
advanced glycation end products and inflamma-
tory cytokines, such as TGF-beta. Mesothelial 
cells that undergo EMT promote neoangiogenesis 
through VEGF expression. Dysfunctional aqua-
porin 1 (AQP1) in peritoneal endothelial cells is 
another putative mechanism of UFF.  Peritoneal 
neoangiogenesis is probably the main effector of 
increased solute transport and UFF in long-term 
PD.  In addition, mast cells and various genetic 
factors controlling angiogenesis and fibrosis and 
effects of medications may modulate the rate at 
which UFF develops. However, the relative roles 
of fluid components, bacterial inflammation, 
genetic disposition, drugs and other factors, and 
the precise sequence of the pathophysiologic 
events, initiating and propagating peritoneal fibro-
sis and angiogenesis, remain elusive [50].

 Differential Diagnosis
The ability to evaluate for UFF is of major clini-
cal importance. In the case of low drain volumes, 
a distinction must be made between catheter dys-
function, leakage of fluid either externally 
through the catheter tunnel or internally from the 
peritoneal cavity to the pleural space, and impair-
ment of the peritoneal membrane. In fact, multi-

ple membrane-related causes should be 
considered, which include the following:

 1. Large functional peritoneal surface area rel-
ative to the size of the fill volume, the result 
of either too low a prescribed fill volume or 
too large a vascular surface area secondary 
to hyperperfusion (e.g., GDP-induced 
neoangiogenesis)

 2. Impaired free-water transport as a result of 
aquaporin dysfunction

 3. High lymphatic absorption associated with a 
marked elevation of IPP

 4. Limited peritoneal surface area available for 
exchange, as might occur with postinfectious 
or postsurgical adhesions, peritoneal fibrosis, 
or peritoneal sclerosis [41]

The causes of membrane failure can be dis-
tinguished in part by the peritoneal equilibra-
tion test (PET, see Chap. 11). The peritoneal 
membranes can be classified according to PET 
results into high, high-average, low-average, 
and low transporter categories. The high trans-
porter status is associated with a poor technique 
and even patient survival in adults, probably 
due to increased glucose resorption, leading to 
UFF, fluid overload, hypertension and left ven-
tricular hypertrophy, increased atherogenesis, 
and malnutrition related to increased peritoneal 
protein losses [52, 53]. Children with high 
transporter status are at risk for poor longitudi-
nal growth [54].

 Management
The traditional method to treat membrane failure 
is to use short exchanges with hypertonic dialy-
sate. However, exposure to the high glucose con-
centration in hypertonic dialysate can accelerate 
the process of peritoneal inflammation and neo-
angiogenesis, thereby further aggravating 
UFF. Therefore, the protection of the peritoneal 
membrane from the long-term toxic and meta-
bolic effects of conventional high GDP- 
containing, glucose-based solutions would be 
ideal [53, 55]. More biocompatible PD solutions 
may preserve peritoneal membrane function and 
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promote ultrafiltration (see Chap. 12 for details). 
In children with established UFF, PD fluids con-
taining icodextrin as osmotic agent may be of 
some value, both by their greater efficacy in 
inducing ultrafiltration [55, 56] and by minimiz-
ing peritoneal glucose exposure (see Chap. 12 for 
details). However, the level of evidence to sup-
port the use of biocompatible fluid to prevent or 
treat peritoneal membrane failure is not adequate. 
In a recent Cochrane review of 42 studies includ-
ing adults and children, due to the inconsistency 
of reporting and low methodologic quality of 
studies, the impact of biocompatible solutions on 
long-term peritoneal membrane function was 
determined to be uncertain [57].

 Prognosis
Membrane failure is responsible for up to 27% of 
CPD termination in different pediatric series [5, 
6, 58]. Altered peritoneal membrane function 
over time has a significant impact on both tech-
nique and patient survival. As the prevalence of 
UF failure increases, it becomes the predominant 
reason for dropout in long-term PD, particularly 
in anephric and oliguric patients. According to 
the Japanese long-term experience, the frequency 
of PD termination due to UFF steadily increases 
with time on PD, from 14% in the first 5 years of 
treatment to 33% thereafter [58]. In contrast, 
insufficient solute removal was a constant cause 
of technique failure in 13% of cases before and 
after 5 years on PD.

The prognosis of membrane failure is not 
unvariably poor and likely depends on the under-
lying mechanism of the high transporter pheno-
type. Recent classification attempts to differentiate 
the various types: “type 1,” an early inherent type 
of membrane failure associated with increased 
mortality related to marked underlying comorbid-
ity and inflammation; “type 2,” an early inherent 
type with a large peritoneal surface area; and 
“type 3,” a late-acquired type with peritoneal 
membrane changes which develop with time on 
PD. The latter two types have a good prognosis 
provided that fluid balance is controlled using 
APD and icodextrin-based PD solution [52].

Ultrafiltration failure due to an elevated peri-
toneal solute transport may be transient or sus-
tained. Transient increases are seen during 
episodes of peritonitis. In some cases, repeated 
episodes of peritonitis lead to a sustained 
increase in solute transport and a persistent loss 
of ultrafiltration. Other factors like prolonged 
PD vintage, dialysate buffer, glucose and buffer 
byproducts used in the dialysate, and the use of 
beta-blockers may contribute to impaired ultra-
filtration [53].

 Encapsulating Peritoneal Sclerosis

Encapsulating peritoneal sclerosis (EPS) is a 
rare, but serious, complication of long-term PD, 
characterized by encasement of the bowel loops 
accompanied by extensive sclerotic thickening of 
the peritoneal membrane. Clinical features of 
EPS result from underlying pathogenic pro-
cesses, particularly ileus, inflammation, and/or 
peritoneal adhesions. Signs and symptoms fre-
quently include abdominal pain, nausea, vomit-
ing, fatigue, loss of appetite, constipation, 
diarrhea, abdominal mass, ascites, weight loss, 
low-grade fever, and hemorrhagic effluent [59]. It 
is also typically associated with a progressive 
loss of ultrafiltration, resulting in fluid retention 
and edema. Unlike other causes associated with 
these clinical findings, EPS is an insidious, grad-
ual, non-acute clinical syndrome [58]. It is impor-
tant to recognize that EPS may also present long 
after the cessation of PD [60].

Pediatric registries from Japan, Italy, and the 
European Pediatric Dialysis Working Group 
(EPDWG) report an incidence of 1.5–2% for 
EPS in children on PD [61–63]. In the Japanese 
registry, all patients who developed EPS had 
received PD for longer than 5 years, with a mean 
PD duration of 10.3 years. The incidence of EPS 
was 6.6% among all patients on PD for longer 
than 5  years and 22% among those who had 
received PD for longer than 10 years [62]. Similar 
results were found in the Italian and EPDWG 
registries [61–63].
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 Pathogenesis
The etiology of EPS is believed to be multifacto-
rial. Potential risk factors for the development of 
EPS include extended duration of PD; previous 
frequent severe peritonitis episodes; a reaction to 
other foreign agents, such as plasticizers from 
catheters; exit-site cleansing agents, such as 
povidone-iodine or chlorhexidine; and extended 
exposure to bio-incompatible dialysis solutions 
[58]. Of note, there was no difference reported in 
the incidence of EPS between biocompatible and 
standard PD solutions in the Italian and EPDWG 
registries [61–63].

 Diagnosis
The diagnosis of EPS is suspected in the patient 
with a long history of PD, signs and symptoms 
consistent with SEP, and/or progression to a high 
peritoneal permeability state and is confirmed 
with radiographic or histological findings of 
bowel encapsulation. Imaging with computed 
tomographic (CT) scanning is recommended to 
evaluate for characteristic signs, such as perito-
neal calcification, bowel thickening, bowel teth-
ering, bowel dilatation, and localized ascites. 
(Fig. 17.3) [64, 65]. Peritoneal membrane thick-
ening is common among long-term PD patients 
and without symptoms is not, in and of itself, 
diagnostic of EPS.

 Treatment
Although frequently unsuccessful, the treatment 
of sclerosing peritonitis most commonly entails 
cessation of PD with transfer to hemodialysis and 
bowel rest with total parenteral nutrition (TPN). 
In addition, drug therapy with corticosteroids, 
tamoxifen (a selective estrogen receptor modula-
tor that inhibits the production of TGF-β by fibro-
blasts), and other immunosuppressive agents 
including, azathioprine, sirolimus, and mycophe-
nolate mofetil have been tried with variable 
results [58, 65]. There are no consensus guide-
lines for the use of drug therapy in EPS [61–63]. 
Surgery is indicated for bowel obstruction, bowel 
perforation, hemoperitoneum, or lack of improve-
ment with drug therapy.

 Prognosis
EPS is the most serious complication of long- 
term PD with a mortality ranging from 14% to 
38% [61–63]. The major causes of death are 
almost invariably related to problems concerning 
bowel obstruction or complications of surgery, 
such as malnutrition or septicemia. Therefore, a 
high index of suspicion and elective discontinua-
tion of PD in high-risk patients is of particular 
importance for the early diagnosis and prevention 
of potentially fatal outcome. The development of 
UFF, a high dialysate/plasma creatinine ratio, 
peritoneal calcification, a persistently elevated 
C-reactive protein level, and severe peritonitis in 
patients on PD for longer than 5 years are signals 
that should prompt the clinician to consider ter-
minating PD as a possible means of preventing 
the development of EPS [58]. However, there is 
no evidence to support the benefit of routine tran-
sitioning to hemodialysis for all long-term PD 
patients as EPS is very rare.

 Metabolic Complications

 Dyslipidemia and Insulin Resistance

Disturbances of lipid and glucose metabolism are 
the common complications of chronic renal fail-
ure and persist or deteriorate during renal replace-
ment therapy. The few reports available in 

Fig. 17.3 Massive ascites secondary to EPS pushing 
stomach and intestinal loops posteriorly. (With permis-
sion of Sevcan A. Bakkaloglu, MD)
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pediatric PD patients are consistent with findings 
of adult studies, indicating insulin resistance, 
hyperleptinemia, dyslipidemia, and an athero-
genic lipid profile [4, 66–69]. The pathophysiol-
ogy of these metabolic complications in PD 
patients is multifactorial, including the continu-
ous administration of glucose in the dialysate, 
albumin and HDL losses into the peritoneal cav-
ity, and reduced lipolytic enzyme activity.

Serum total cholesterol, triglyceride, low- 
density lipoprotein cholesterol, apolipoprotein A, 
and lipoprotein (a) levels are elevated, and HDL 
lipoprotein levels are decreased in children on 
PD.  The prevalence of dyslipidemia differs by 
dialysis modality, with PD conferring an 
increased risk for dyslipidemia compared to 
hemodialysis. Dyslipidemia was reported in 
85.1% of PD patients and 76.1% of hemodialysis 
patients in the European ESPN/ERA-EDTA reg-
istry of 976 children with ESRD.  Interestingly, 
younger age on PD was associated with a more 
adverse lipid profile. Monitoring for dyslipid-
emia with annual fasting lipid level measure-
ments is recommended in children on chronic PD 
[70]. Therapeutic lifestyle modifications includ-
ing moderate-to- vigorous exercise and reduction 
in sedentary activities and dietary fat are vital for 
primary prevention of dyslipidemia. There is cur-
rently a lack of evidence regarding the efficacy of 
pharmacological treatment of dyslipidemia in 
children, although statin therapy can be consid-
ered for children ≥10  years old that fail non-
pharmacologic treatment [71]. The direct benefit 
of statin therapy in reducing the mortality from 
cardiovascular disease in children on dialysis is 
not yet proven.

As has been shown in adults, glucose intoler-
ance and insulin resistance are of concern because 
they may be risk factors for cardiovascular dis-
ease in children on PD. In a study that included 
31 pediatric PD patients, 54.8% demonstrated 
glucose intolerance, 25.8% had impaired fasting 
glucose, 22.6% had impaired glucose tolerance, 
6.5% were diagnosed with diabetes mellitus, and 
9.7% had insulin resistance. There were no dif-
ferences in these parameters when compared to 
hemodialysis patients [69]. There are currently 
no pediatric specific guidelines for the monitor-

ing of glucose metabolism. Minimization of glu-
cose in the PD prescription and the use of 
icodextrin for the long-dwell dialysis solution are 
strategies that can be implemented in children 
with glucose abnormalities.

 Hypokalemia

As compared with pediatric patients on hemodi-
alysis, patients on PD are at increased risk of 
hypokalemia because of the greater cumulative 
clearance of potassium by PD [72]. Also, 
enhanced cellular uptake of potassium, prompted 
by the intraperitoneal glucose load with subse-
quent insulin release, and bowel losses may also 
play a role in the hypokalemia observed in PD 
patients. Furthermore, cultural dietary prefer-
ences are likely to affect the disposition to hypo-
kalemia on PD. Kt/V urea, the etiology of renal 
failure, age, the peritoneal membrane transport 
type, and oral protein and caloric intake appear 
not to be related to hypokalemia [73].

Hypokalemic patients complain of weakness 
more often than those with normal potassium lev-
els. For stable chronic outpatients, liberalization 
of dietary potassium restriction and, when 
needed, oral potassium replacement (based upon 
individual patient serum potassium determina-
tions) are usually successful treatments for 
hypokalemia.

 Hypermagnesemia

Hypermagnesemia, a common finding in PD 
patients, is due to positive magnesium balance, 
resulting from renal failure and the relatively 
high dialysate magnesium concentration. The 
typical serum magnesium level in patients with 
ESKD is 2.4–3.6  mg/dL (1.0–1.5  mmol/L), a 
value usually not associated with clinical symp-
toms. Serum magnesium levels are usually ele-
vated in those dialyzed against solutions 
containing magnesium concentrations of 
0.75 mmol/L (1.8 mg/dL) [74]. Since there is an 
inverse relationship between concentrations of 
magnesium and intact parathyroid hormone 
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(PTH), raising the possibility that hypermagnese-
mia may contribute to adynamic bone disease 
[75], the 0.50 mmol/L (1.2 mg/dL) concentration 
dialysate may generally be preferable. 
Hypomagnesemia may develop in patients utiliz-
ing 0.25  mmol/L (0.6  mg/dL) magnesium con-
centration [74].

 Other Complications

 Hemoperitoneum

The presence of blood in PD effluent is called 
hemoperitoneum. This is a benign complication 
of chronic PD.  Only a very small amount of 
bleeding is required to make dialysate appear 
bloody. As little as 1 mL of whole blood injected 
into 2  L of an effluent bag can make the fluid 
readily blood tinged, and injection of 7  mL of 
blood can make the entire volume as red as fruit 
juice.

 Pathogenesis
Hemoperitoneum has a wide differential diagno-
sis. Blood tinging of dialysate is commonly seen 
after PD catheter placement, as a result of direct 
vascular and visceral damage. It rapidly clears 
with a few in-and-out exchanges. The most com-
mon and benign cause of hemoperitoneum in 
adolescent girls is menstruation. Two theories are 
proposed to explain its mechanism. First, endo-
metrial tissue, if present in the peritoneum, will 
shed simultaneously with uterine endometrium. 
Secondly, shed endometrial tissue and blood 
moves out of the cervix through the fallopian 
tubes in a retrograde fashion. Peritoneal bleeding 
starts a few days before vaginal menstrual flow. 
Other causes of hemoperitoneum in adolescent 
girls are ovulation (with a typical mid-cycle tim-
ing of occurrence) and ruptured ovarian cysts.

Trauma (including strenuous exercising), pro-
cedures to the abdominal area, bleeding disor-
ders, or anticoagulation therapy can also 
predispose to hemoperitoneum. Bleeding into a 
hepatic or renal cyst with rupture into the perito-
neal cavity, acute and chronic pancreatitis, scle-
rosing peritonitis, and peritoneal calcification in 

patients with severe CKD-associated mineral- 
bone disorder are further, less frequent causes of 
hemoperitoneum [2].

 Diagnosis
The extent of bleeding and associated symptoms 
are of primary importance in determining further 
evaluation. If bleeding is very mild, self-limited, 
and not associated with other symptoms, the 
patient may not require further evaluation. This is 
especially likely if the patient is menstruating. If 
the bleeding is severe, recurrent, and/or associ-
ated with pain and fever, urgent evaluation is 
required to exclude underlying intra-abdominal 
pathology, such as cyst rupture or a vascular 
catastrophe. Findings on physical examination 
such as a rebound or guarding do not occur with 
benign intraperitoneal bleeding and should be 
treated as a surgical emergency. In this setting, 
peritoneal fluid cell count, culture and sensitivity, 
and peritoneal amylase level (>50 μU/L suggests 
an intra-abdominal process) should be obtained. 
Peritoneal dialysate hematocrit >2% suggests an 
intraperitoneal pathology. All of the possible dis-
orders in this setting are cause for great concern, 
and merit surgical consultation and consideration 
of early laparoscopy or laparotomy [2].

Abdominal imaging by CT, ultrasound, or 
MRI may also be indicated. A CT scan of the 
abdomen and pelvis should be performed if ultra-
sound is negative or inconclusive. In patients 
with persistent bleeding, isotope-labeled RBC 
scan can be done to localize the site of bleeding, 
which can then be selectively embolized. Contrast 
agents should be avoided in patients with pre-
served residual function. Angiography is the last 
option that may be required for more definitive 
diagnosis [2].

 Management
Treatment of the underlying cause is essential, 
and curative management may require emergent 
evaluation and care. Menstruating adolescent 
girls should be reassured that asymptomatic 
hemoperitoneum is benign and that it will likely 
resolve spontaneously. Rapid flushes and instilla-
tion of heparin in the dialysate to prevent catheter 
clotting are usually done. Infusing cool dialysate 
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(i.e., room temperature) may also be helpful. 
Most commonly, the hemoperitoneum will clear 
after one to three rapid flushes. In severe condi-
tions, extensive diagnostic studies and required 
surgical interventions should be done as indi-
cated [2, 76].

 Acute Pancreatitis

Acute pancreatitis (AP) is characterized by 
inflammation of the pancreas, which presents 
with acute onset of epigastric abdominal pain 
accompanied by epigastric tenderness on physi-
cal exam. The incidence rate of AP in children on 
PD was reported to be 6.2 per 1000 person-years 
in the Italian Registry of Pediatric Chronic 
Dialysis [77]. The risk of AP is higher in hemodi-
alysis patients compared to PD, and patients on 
dialysis appear to be at a higher risk for AP than 
the general population.

 Pathogenesis
Patients with ESKD may be at increased risk for 
AP due to the decreased catabolism of gastric 
hormones that may lead to hypersecretion of the 
pancreatic enzyme trypsin. Trypsin hypersecre-
tion is thought to induce morphologic changes in 
the pancreas that could make the pancreas more 
susceptible to inflammation. In addition, it has 
been hypothesized  – but not proven  – that PD 
may directly contribute to the risk for 
AP.  Dialysate fluid containing glucose and cal-
cium may theoretically irritate the pancreas. 
Hyperglycemia, hypercalcemia, as well as hyper-
triglyceridemia are known causes of AP in the 
general population. Furthermore, it has been sug-
gested that repeated episodes of peritonitis may 
release enzymes that irritate and cause inflamma-
tion of the pancreas.

 Diagnosis
The diagnosis of AP may be difficult to distin-
guish from peritonitis in children on PD. Patients 
with AP present with an acute onset of severe epi-
gastric abdominal pain. Pain will often radiate to 
the back, which may be relieved by sitting for-
ward. AP is usually accompanied by nausea and 

vomiting. On physical examination, there is ten-
derness to palpation in the epigastric region or 
there may be diffuse abdominal tenderness. 
Abdominal distension and hypoactive bowel 
signs may be present due to underlying ileus. 
Patients with severe AP often present with fever, 
dyspnea, tachypnea, and hypotension.

Diagnostic criteria for AP include two of the 
following: (1) characteristic epigastric pain or 
pain radiating to the back, (2) elevated serum 
lipase or amylase to three times the upper limit of 
normal, or (3) radiographic evidence of AP by 
CT, MRI, or ultrasound. Reliance on serum pan-
creatic marker criteria may not be possible in 
children on PD, since amylase and lipase are 
often elevated above three times the upper limit 
in asymptomatic patients. The elevation in pan-
creatic enzymes is due to decreased urinary 
excretion and the minimal clearance of the 
enzymes by PD [78]. In children treated with ico-
dextrin, amylase may be reduced due to the com-
petitive inhibition by icodextrin on the amylase 
assay [79]. Therefore, radiologic studies may be 
required to aid in the diagnosis of AP. Focal or 
diffuse enlargement of the pancreas is suggestive 
of AP. Imaging may also be required later in the 
clinical course to evaluate for necrotizing pancre-
atitis and other complications.

 Management
Treatment of AP is mainly supportive with rec-
ommendations for bowel rest, intravenous fluids 
or parenteral nutrition, and pain control. 
Prophylactic antibiotics can be considered for 
prevention/treatment of necrotizing pancreatitis. 
Continuation of PD during AP is often possible. 
Surgical treatment may be necessary in cases of 
necrotizing pancreatitis or pseudocyst.

 Prognosis
Most episodes of AP are mild and most patients 
recover without complications or recurrence; 
however, AP can be severe with complications. 
Complications include pancreatic pseudocyst, 
necrosis, systemic inflammatory response syn-
drome, and organ failure. Mortality reported 
among adult dialysis patients varies from 8% to 
58%. A culmination of 32 children on dialysis 
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from pediatric series reported in the literature 
demonstrated the prevalence of mortality to be 
22% [77].
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