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Abstract Despite advancements in catheter design and
dialysis technique, catheter related complications still
remain a common clinical problem in paediatric patients
on chronic peritoneal dialysis (PD); in particular,
infections are a common cause of patient’s morbidity
and technique failure. In the present paper, data on 89
catheters implanted between January 1986 and Decem-
ber 2002 are reviewed to analyse the major causes of
complications and/or PD failure and to ascertain their
optimal management. A total of 89 catheters were im-
planted in 78 patients at the start of chronic PD: 26 in
children under 2 years of age, 14 in children aged 2–
5 years and 49 in patients over 5 years. Mean age of
patients was 76.1 ± 73.0 months and median treatment
time 14.5 ± 13.1 months. All catheters were surgically
implanted and partial omentectomy was performed in
70% of cases. Straight Tenckhoff catheters were used in
70 cases (78%), curled ones in 19 (22%). Sixty-three
catheters (71%) had two cuffs, 26 (29%) a single cuff.
The entry-site was the midline in 34 patients (38%) and
the paramedian line in 55 patients (62%). Catheter
survival rate was 80% at 12 months, 62% at 24 months
and 58% at 36 and 48 months, respectively. The inci-
dence of catheter-related complications was one episode
every 6.4 PD-months, and they were mainly represented
by peritonitis (61%), exit-site infections and tunnel
infection (ESI + TI: 23%), catheter obstruction (5%),
dislocation (3.5%), leakage (2.5%). After the introduc-
tion of curled single-cuff catheters, a considerable

reduction in the peritonitis incidence was observed
during the last 7 years. A more prolonged catheter sur-
vival was observed in older children (>5 vs. <2 years:
P < 0.05). Leakage was less common in catheters with
paramedian entry-site compared with catheters im-
planted on the midline. In 7 out of 11 (64%) patients
with catheter obstruction, omentectomy had not been
performed. Single-cuff catheters had a lower infection-
rate than double-cuff catheter (P < 0.01). Single cuff-
curled Tenckhoff catheter can be considered the first
choice catheter. Single cuff-catheters are not associated
with an increase of infections. The surgical technique
requires a strict adherence to a standardized procedure
and a dedicated team, in order to obtain a reduction of
the complications, a prolonged catheter duration and a
better quality of life.
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Abbreviations PD: Peritoneal dialysis Æ ESI: Exit-site
infections Æ TI: Tunnel infection Æ IC: Infectious
complications

Introduction

Over the past 2 decades chronic peritoneal dialysis (PD)
has emerged as the first choice pediatric dialysis
modality. Despite the improvements in catheter survival,
tunnel infection (TI), exit-site infection (ESI), and peri-
tonitis remain the most common causes of morbidity,
sometimes leading to treatment failure [1–5]. Over 2.5%
of children on PD are reported to have had TI or ESI
within the first 6 months of PD [6] with a consequent
doubling of the risk of peritonitis [3]. A detailed
knowledge of the complications is of paramount
importance to guide our efforts towards improving pa-
tient’s care and quality of life. Aim of the present study
is to review the experience of 17 years (1986–2002) in
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PD, mainly from a surgical perspective, and to analyse
the major causes responsible for catheter-related mor-
bidity.

Patients and methods

From January 1986 to December 2002, 89 catheters were
implanted in 78 patients (48 males) with end-stage renal
failure due to the following primary nephropathies:
glomerulopathies 30 (39%), renal hypodysplasia with or
without urologic abnormalities 23 (28%), hereditary
nephropathies 17 (22%), renal tumours 4 (5%) and
unknown 4 (6%). Their mean age was 76.1 ± 73.0 months
and the mean treatment duration was 14.5 ± 13.1 months,
with a total of 1,291 patient–months analysed.

Table 1 shows the type of catheter used, the number
of cuffs, the site of insertion, the exit-site location and
the course of the tunnel. All catheters, for home PD,
were surgically implanted under general anaesthesia, in
open technique, by the same team of surgeons. Partial
omentectomy was performed in 70% of cases. In par-
ticular, while in the first period this procedure was not
systematically obtained, in the last years all patients
underwent omentectomy, except selected cases, such as
children with scarce omental tissue. Starting from 2000,
straight catheters were substituted by curled catheters.
After catheter implantation, the patients were regularly
followed by the pediatric nephrology unit and addressed
to Automated Peritoneal Dialysis, with different treat-
ment schedules according to individual needs. In the
present paper, ESI, TI and peritonitis were defined
according to the International Society for Peritoneal
Dialysis guidelines/recommendations [7]. ESI is diag-
nosed in the presence of purulent discharge from the
sinus tract, or marked pericatheter swelling, redness,
and/or tenderness with or without a pathogenic organ-

ism cultured from the exit site; TI is defined as presence
of pain and signs of inflammation along the subcuta-
neous tunnel, not necessarily associated with ESI; em-
piric diagnosis of peritonitis is made if two of the
following criteria are present: (1) the peritoneal effluent
is cloudy, the effluent white blood cell (WBC) count is
greater than 100 mm�3 and at least 50% of the WBCs
are polymorphonuclear leukocytes; (2) symptoms of
peritonitis, like abdominal pain and fever, are detect-
able; (3) culture of peritoneal fluid is positive for micro-
organisms [8].

Data are shown as mean ± standard deviation or
median and range, depending on whether normally
distributed or not. Statistical analysis was carried out by
means of the ANOVA or the Mann–Whitney test for
unpaired data, as applicable. Contingency tables were
analysed by means of the chi-square. A probability
lower than 0.05 was considered significant.

The cumulative probability of catheter survival was
estimated by the Kaplan–Meier life-table analysis, with
catheter removal for infectious or mechanical compli-
cations as the end-point. Catheter removal for reasons
unrelated to the peritoneal access (transplantation,
switch to hemodialysis for patient’s choice, death for
causes other then peritonitis) was considered censored
data.

Results

During the observation period, PD-related surgical
complications had an overall frequency of 1 event every
6.4 PD-months. The type and relative distribution of the
complications are shown in Table 2; each catheter had a
mean of 1.9 ± 2.2 events.

Peritonitis, ESI and TI, grouped together as infec-
tious complications (IC), were the most common events,
with a frequency of 1:7.6 months of PD; the peritonitis
rate was 1:13.2 months of PD. Staphylococcus epide-
rmidis (n = 26) and Staphylococcus aureus (n = 8) were
the agents most commonly involved (Table 3).

No age-related differences, in terms of both type and
incidence of IC, were found in our series; in particular,
the peritonitis rate (expressed as events per patient) was
as follows: children <2 years: 0.7 ± 1.0, 2–5 years:
1.4 ± 1.9 and >5 years: 1.8 ± 2.4 (P = n.s.).

Tunnel infection and ESI were more frequent (1:8.5
PD-months) than peritonitis and represented a very
important source of morbidity, with a rate of 1 episode
every 15.1 patient-months and 1:6.2, in single-cuff and
double-cuff, respectively (P < 0.01).

As far as the tunnel course is concerned, the swan-
neck one (mainly associated with downward orientation)
had a rate of TI and ESI of 1:16.3 months of PD, while
the straight tunnel course (mainly associated with lateral
orientation) exhibited a TI and ESI of 1:6.2 (P = n.s.).

A considerable reduction in the peritonitis incidence,
although not statistically significant, was observed dur-
ing the last 7 years compared to earlier time. In details,

Table 1 Characteristics of implanted PD-catheter

Number of
catheters

Per cent 1986–1995 1996–2002

Tenckhoff
Straight 70 78 45 25
Curled 19 22 0 19
Cuffs
Single 26 29 0 26
Double 63 71 45 18
Entry-site
Midline 34 38 13 21
Paramedian 55 62 32 23
Exit-site
Lateral 32 36 14 18
Downward 57 64 31 26
Tunnel
Swan-neck 49 55 9 40
Straight 40 45 36 4
Omentectomy
Yes 62 70 28 34
No 37 30 17 10
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during the 1986–1995 period (mean catheter life 14
months), 1.5 ± 2.3 episodes/catheter were recorded,
while during the 1996–2002 period (mean catheter life 15
months) the corresponding figure was 0.9 ± 1.2
(P = n.s.).

The entry-site of the catheter (midline vs. paramedi-
an) does not seem to have influenced the occurrence of

both IC and catheter survival (Table 4). On the other
hand, it was associated with an increased occurrence of
early peritoneal leakage: the only five cases were all
observed in catheters with a median entry-site.

Catheter obstruction occurred in 11/89 catheters; 7/
11 were implanted in patients who had not undergone
omentectomy (P < 0.02).

Catheter survival was 80% at 12 months, decreased
to 62% at 24 months and remained stable thereafter:
58% both at 36 and 48 months (Fig. 1). The causes of
catheter removal are reported in Table 5.

A more prolonged catheter survival was observed in
older children, with a median (range) of 6.5 (0.2–110), 16
(5–68) and 19.5 (1–133) months, in children < 2 years,
2–5 years and > 5 years (> 5 years vs. < 2 years:
p < 0.05), respectively.

Discussion

This is a retrospective study on patients who had a
peritoneal catheter inserted in the Department of Pedi-
atric Surgery and were treated with PD in the Unit of
Pediatric Nephrology, Dialysis and Transplant in Milan
from 1986 to 2002.

In the first 24 months catheter survival is similar to
that of other pediatric studies [9–17], showing a rapid
decline of the curve (62%). The first 2 years seem to
represent the critical period in the life of the catheters. A
possible interpretation for the non-linear pattern of the
survival curve is that during the first period of PD, a
selection of patients based on their adherence to proce-
dures and prescriptions takes place and only those with
higher compliance and consequent lower complication
rate, remain on treatment. This observation emphasizes
the importance of careful training and continuing edu-
cation of patients for a successful PD program. Never-
theless individual factors (i.e. nutritional status,

Table 3 Micro-organisms responsible for peritonitis

Organisms Number Per cent

Staphylococcus epidermidis 26 44
Staphylococcus aureus 8 14
Klebsiella pneumoniae 5 8
Pseudomonas aeruginosa 5 8
Enterococcus faecium 3 5
Candida albicans 2 3
Acinetobacter 2 3
Staphylococcus haemolyticus 1 2
Serratia marcescens 1 2
Micrococcus 1 2
Corynebacterium 1 2
Aspergillus 1 2
Other bacteria 2 3
Other fungal 1 2

Table 4 Entry-site (Mann–Whitney)

Duration (months) TI+ESI/catheter

Midline
insertion (38%)
Mean ± SD 33.7 ± 26.2 2.0 ± 1.8
Median 28 1
Paramedian
insertion (62%)
Mean ± SD 29.2 ± 33.9 1.5 ± 2.0
Median 15 1

P = 0.6 P = 0.47
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metabolic balance, local factors) may certainly be in-
volved in predisposing to catheter complications, there-
fore affecting catheter life span.

On the contrary, in the present study a significant
difference in catheter survival is observed at 3 and
4 years, as compared to other studies: 58% versus 43.8
and 34.6, respectively [17]. This may reflect the improved
experience and technical skill reached by a dedicated
team of a single centre.

As shown in previous reports [5], the mean catheter
survival seems to be age-related, and children older than
5 years are expected to have a more prolonged catheter
life. It can be speculated that either older children have a
lower susceptibility to infections or the management of
the catheter is simpler due to an improved patient’s
cooperation.

Infectious complications are confirmed as the most
common causes of catheter loss, as reported by other
dialysis centres [10–11]. Peritonitis episodes accounted
for 61% of all the PD complications and they were
mainly sustained by Staphylococcus. This finding is not
surprising, because the majority of papers addressing the

issue of infections complicating PD have reported S.
aureus as the leading involved microrganism [3, 12].

The significant decrease in ICs observed during the
last few years (1996–2002), in comparison to the previ-
ous period (1986–1995), deserves a comment. Among
the possible explanations, we identify two areas. On one
hand, there is the improved skills reached by the dedi-
cated team (pediatric nephrologists, surgeons, nurses
and psychosocial workers) in catheter implantation and
manipulation techniques, together with the improved
training of patients and/or parents. Furthermore, in re-
cent years a systematic change in the implantation
technique took place in our Pediatric Surgery Unit,
based on indications rising from the relevant literature
(mainly studies of the MEPPS and of the NAPRTCS)
[2–3] with paramedian insertion and downward orien-
tation as standard procedure. During the same recent
years, single-cuff curled Tenckhoff catheter became the
first choice catheter in our Unit and, in contrast with the
experience reported in both adult [10] and pediatric [2]
studies, the use of single-cuff catheters was not associ-
ated to an increase in TI and ESI. It may be worth
mentioning that, in our experience, the presence of sec-
ond, distal cuff, which is, by definition near to the exit
site, sometimes represented a factor responsible for
persistent TI for the contamination of the cuff itself. In
such cases the subcutaneous cuff had to be removed (cuff
shaving).

As to the management of ESI, the standard protocol
in our Unit includes the following three steps: (1) culture
of ES secretion and daily disinfection with sodium
hypochloride (0.05–0.15%); (2) if no improvement or in
case of coexisting TI, intraperitoneal antibiotic therapy
(either empirical or based on colture) is administered for
at least 15 days; (3) recurrent and non responsive
infections are treated with a conservative surgical man-
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Fig. 1 Catheter survival rate (Kaplan–Meyer)
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agement, which includes the repositioning of the sub-
cutaneous portion into a new tunnel with a controlateral
course. If a distal cuff is present this is shaved according
to previously described techniques [13–15].

In our experience, non-IC (leakage, obstruction, dis-
location, intestinal obstruction, inguinal hernia, hydro-
cele and hydrothorax) had a lower frequency as
compared to other studies (16 vs. 27%) [17]. Most of
these complications are related to the surgical technique.
In particular omentectomy seems to prevent from
catheter obstruction, expecially in younger children [16–
18], while the paramedian insertion shows a lower inci-
dence of leakage [19–21].

In conclusion, the surgical technique in the catheter
implantation requires a strict adherence to a standard-
ized procedure and a dedicated team. By this way it is
possible to obtain a significant reduction in catheter
complications, with prolonged catheter duration and a
better quality of life for both children and parents.
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