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Abstract
Background Chronic haemodialysis (HD) in small children
has not been adequately investigated.
Methods This was a retrospective investigation of the use of
chronic HD in 21 children aged<2 years (n = 12 aged <1 year)
who were registered in the Italian Pediatric Dialysis Registry.
Data collected over a period of >10 years were analysed.
Results The median age of the 21 children at start of HD was
11.4 [interquartile range (IQR) 6.2–14.6] months, and HD
consisted mainly of haemodiafiltration for 3–4 h in≥4 ses-
sions/week. A total of 51 central venous catheters were placed,
and the median survival of tunnelled and temporary lines was
349 and 31 days, respectively (p<0.001). Eight children (38%)
showed evidence of central vein thrombosis. Although 19 % of
patients received growth hormone and 63.6 % received enteral

feeding, the weight and height of these patients remained sub-
optimal. During the HD period the haemoglobin level increased
in all patients, but not to normal levels (from 8.5 to 9.6 g/dl)
despite erythropoietin administration (503–600 U/kg/week).
The hospitalisation rate was 1.94/patient-year. Seventeen pa-
tients underwent renal transplantation at a median age of
3.0 years. Four patients, all affected by severe comorbidities,
died during follow-up (in 2 cases due to absence of a vascular
access). The 5- and 10-year cumulative survival was 82.4 and
68.7 %, respectively.
Conclusions Extracorporeal dialysis is feasible in children
aged <2 years, but comorbidities, vascular access, growth
and anaemia remain major concerns.

Keywords Extracorporeal dialysis . Young children . Central
venous catheter . Paediatric dialysis modality .

Haemodiafiltration

Introduction

Despite significant advances in the management of very young
paediatric patients with end-stage renal disease (ESRD),
haemodialysis (HD) is still only used in 3–14 % of cases
[1–9]. Compared to HD, peritoneal dialysis (PD) has experi-
enced increasingly popularity as therapy modality in this age
range due to its lack of requirement for a vascular access, relative
technical simplicity and increased likelihood of preserving re-
sidual renal function [10–12]. It is therefore not surprising that
there are only a few published small single-centre reports on the
use of chronic HD in young children [13–17] and that there are
actually no published studies which specifically describe infants
starting HD in the first year of life. Among the published studies
involving infants onHD, Shroff et al. described 18 patients aged
<2 years, of whom only seven underwent HD for >3 months
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[15], andQuinlan et al. described nine children weighing<10 kg
who underwent HD for >6 months [13]. However, even though
HD is sometimes considered the first-choice option even in
small children, including thosewith primary oxalosis or anatom-
ical or psychosocial contraindications to PD [10], there is a
scarcity of information on chronic HD in small children.

In this study we retrospectively investigated the use of
chronic HD in children with ESRD aged<2 years. Data were
obtained from the Italian Pediatric Dialysis Registry over a
period of >10 years.

Patients and methods

The files of patients entered in the Italian Pediatric Dialysis
Registry (a permanent, nationwide chronic dialysis network of
all 12 Italian pediatric dialysis units) between 1 January 2000
and 31 October 2013 who started HD before the age of 2 years
were retrospectively reviewed. Chronic HD was defined as a
continuous HD period lasting >3months: patients treated with
HD for <3 months were excluded from the analysis. The term
BHD cycle^ used here refers to each continuous HD period
of>3 months from the beginning of HD to either transplanta-
tion, switch to PD, death or last follow-up.

A specific ad hoc formwas sent to each participating unit in
order to acquire additional patient information.

Data on dialysis schedule, medications, enteral feeding,
vascular access, anthropometry and hospitalisations were col-
lected at the beginning of the HD cycle and every 6 months
thereafter. The parameters studied are given in Table 1. The
outcome of the HD cycle, data on renal transplantations and

the long-term outcome of each patient were also analysed.
Patient survival and technique survival were calculated. Tech-
nique survival was calculated from the time of initiation of HD
to death or conversion to another dialysis treatment, with both
of the latter considered to be modality failures.

Statistical analysis

The data were expressed as median values and interquartile
ranges (IQR) and statistically analysed using the Mann–Whit-
ney test for continuous variables and the chi-square test for
dichotomous variables. Survival was assessed using Kaplan–
Meier analysis. A p value of <0.05 was considered to be sta-
tistically significant.

Results

Patient characteristics

A total of 133 children aged <2 years started chronic
dialysis during the study period. Of these, 21 (15.8 %)
underwent a total of 22 HD cycles in six centres for
>3 months. Twelve patients started chronic HD during
the first year of life, the youngest of whom was aged
2.3 months at start of HD. Of the 133 patients started
on chronic dialysis, eight (6 %) started HD as their first
dialysis modality due to abdominal surgery (4 patients),
enlarged kidneys (1) and unknown reasons (3), and 13
(9.8 %) were transferred from PD to HD due to

Table 1 List of the parameters studied in this retrospective review of small children who were registered in the Italian Pediatric Dialysis Registry as
starting haemodialysis between 1 January 2000 and 31 October 2013a

Parameters Specific aspects of each parameter

HD schedule -Modality (bicarbonate HD or haemodiafiltration)
-Number and duration of weekly sessions
-Blood flow

Medications -Recombinant human erythropoietin
-Recombinant human growth hormone

Enteral feeding -Via gastrostomy or nasogastric tube

Vascular access -Arteriovenous fistula or temporary or cuffed CVC established before the age of 2 years
-CVC survival
-Incidence and etiology of catheter-related bloodstream infections
-Incidence of central vein thrombosis secondary to CVC placement

Anthropometry -Body weight and height, expressed as SDS. Data were normalised for chronological age,
using the standards of the World Health Organisation as references

Blood pressure -Pre-HD systolic and diastolic blood pressure, expressed as SDS

Biochemistry -Pre-HD blood urea, creatinine, haemoglobin, albumin, calcium, phosphate, parathyroid hormone

Hospitalisations -Duration and causes of hospital admissions during the first 2 years of life

HD, Haemodialysis; CVC, central venous catheter; SDS, standard deviation scores
a Data were collected at the beginning of the haemodialysis cycle and every 6 months thereafter
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peritonitis (7 patients), a diagnosis of primary oxalosis
(3), ultrafiltration failure (2) and unknown reason (1).

Table 2 shows the characteristics of the patients at the be-
ginning of HD treatment. The most frequent primary kidney
diseases were congenital nephrotic syndrome and kidney dys-
plasia (6 cases each, 28.6 %). Four patients had primary
oxalosis. Nine children (42.8 %) were affected by at least
one non-renal comorbidity, of which the most frequent were
central nervous system abnormalities and anorectal/enteric
malformations.

HD schedule and medications

Data on the HD schedules are presented in Fig. 1.
Haemodiafiltration (HDF) was the preferred form of di-
alysis in 58.8 % of patients at the start of treatment, in
50 % after 6 months and in 63.6 % after 12 months.
The percentage of children undergoing ≥4 sessions/week
at these three time points was 64.7, 71.4 and 63.6 %,
respectively (2 of the 4 patients with oxalosis underwent
6 sessions/week, and the other 2 underwent 3 and 4
sessions/week, respectively), with a session duration of

3–4 h in 64.7 % of children at start of the treatment,
78.6 % after 6 months of treatment and 81.8 % after
12 months of treatment. Median blood flow was 8.0
(IQR 6.7–12.0) ml/kg/min at the start of HD, 9.0
(8.2–10.1) ml/kg/min after 6 months and 8.7 (7.6–
11.2) ml/kg/min after 12 months. There were no signif-
icant differences between patients aged <1 year and
those aged >1 year in any of these dialysis parameters.

All of the patients were treated with recombinant hu-
man erythropoietin (rhEPO); the median dose was 600
(IQR 395–661) U/kg/week at the start of HD, 577 (469–
900) U/kg/week after 6 months and 503 (303–545) U/kg/
week after 12 months. The median dose at these same
time points in the subgroup of patients starting HD during
the first year of life was 453, 634 and 401 U/kg/week,
respectively. Of the 21 patients who started on chronic
HD during the study period, four (19 %) received recom-
binant human growth hormone (rhGH), including three of
the 12 (25 %) treated in the first year of life.

Nutritional data were available for only 11 patients, seven
of whom (63.6 %) were enterally fed by means of a
gastrostomy (1 patient) or nasogastric tube (6).

Table 2 Patient characteristics at the start of haemodialysis

Patient characteristics All patients (n = 21) Patients aged <1 year (n = 12)

Age (months) 11.4 (6.2–14.6) 7.4 (4.7–10.3)

Body weight (kg) 7.0 (5.1–8.0) 5.3 (5.0–7.0)

Body weight (SDS) −2.4 (−3.3 to −1.7) −2.5 (−2.9 to −1.9)
Height (cm) 63 (60–78) 61.5 (59–64.5)

Height (SDS) −1.8 (−5.2 to +0.6) −1.9 (−5.0 to −0.3)
Anuric 8/16 (50 %) 3/9 (33 %)

Previous peritoneal dialysis 13/21 (61.9 %) 7/12 (58.3 %)

Primary kidney disease

Congenital nephrotic syndrome 6 (28.6 %) 2 (16.7 %)

CAKUT 6 (28.6 %) 6 (50 %)

Primary oxalosis 4 (19.0 %) 3 (25 %)

ARPKD 2 (9.5 %) 1 (8.3 %)

Atypical HUS 1 (4.8 %)

Post asphyctic cortical necrosis 1 (4.8 %)

Unknown 1 (4.8 %)

Comorbidities

CNS abnormalities 3 (14.3 %) 1 (8.3 %)

Anorectal or enteric malformations 4 (19.0 %) 4 (33.3 %)

Cardiac diseases 1 (4.8 %)

Polymalformative syndrome 1 (4.8 %) 1 (8.3 %)

Diabetes mellitus 1 (4.8 %)

Values are presented as the median value with the interquartile range (IQR) in parenthesis, or as a number with the percentage in parenthesis, as
appropriate

CAKUT, Congenital abnormalities of the kidneys and urinary tract; ARPKD, autosomal recessive polycystic kidney disease; HUS, haemolytic uremic
syndrome; CNS, central nervous system

Pediatr Nephrol (2016) 31:833–841 835



Vascular access

A total of 51 central venous catheters (CVCs) were placed in
children aged ≤ 2 years, and data were available on the place-
ment of 45 of these (27 temporary and 18 tunnelled CVCs).
The insertion site of the temporary CVCs was a jugular vein in
13 patients, a femoral vein in 12 patients and a subclavian vein
in two patients. The cuffed CVCs [type and manufacturer:
6.5Fr Tesio® (8 patients), Quinton Permcath (4), 8Fr
Medcomp (3) and Bard (3)] were placed in a jugular vein in
13 patients and in a subclavian vein in three patients (the site
was not reported in 2 cases). The CVC exchange rate was 5.9/
1000 days, and the median survival of the tunnelled CVCs
was significantly longer than that of the temporary CVCs
(349 vs. 31 days, respectively; p<0.001). Specifically, the
survival of cuffed and uncuffed CVCs was 83.3 vs. 52 % at
30 days, 83.3 vs. 18.9 % at 90 days and 77.8 vs. 14.2 % at
180 days (p<0.001), respectively (Fig. 2).

A total of 27 CVCs were placed in the first year of life,
including 11 temporary and 12 tunnelled CVCs [type and
manufacturer: 6.5Fr Tesio (3 patients), Permcath (3), Bard
(3) and unknown (4)]. All of the lines were placed in the
internal jugular vein. The median survival of the tunnelled
and non-tunnelled CVCs was 347 and 17 days, respectively
(p<0.005) (Fig. 2).

Eight episodes of catheter-related bloodstream infection
were observed in the overall population, resulting in an inci-
dence of 0.6/1000 CVC days. The bacteria isolated were
Staphylococcus aureus (4 episodes), S. epidermidis (2), Pseu-
domonas aeruginosa (1) and unknown (1).

Fig. 1 Haemodialysis (HD)-
related parameters at the
beginning of HD (Start) and after
6 and 12 months (6 m and 12 m,
respectively). a number of
sessions/week. b HD duration
(hours). c dialysis modality. HDF
Haemodiafiltration, CVVHD
continuous veno-venous
haemodialysis, n.d., not
determined

Fig. 2 Survival curve of tunnelled and non-tunnelled central venous
catheters in the entire population on chronic dialysis and in those starting
hemodialysis during the first year of life
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Of the 21 children on HD, eight (38 %) showed ultrasound
or computed tomographic evidence of central vein thrombo-
sis, which was either absent or not investigated in the remain-
ing 13 patients.

One arteriovenous fistula was successfully placed in a child
aged 1.23 years.

Anthopometric, blood pressure and laboratory data

The anthropometric data and blood pressure values of the 21
children aged<2 years started on HD are presented in Table 3.
Both body weight and height-SDS remained suboptimal dur-
ing the HD period, with a non-significant improvement in
body weight observed after renal transplantation (rTx).

There were no significant changes in most of the biochem-
ical values during the first year of HD (Table 4). Median
haemoglobin levels increased, but not to the target values
(from 8.5 to 9.6 g/dl; p<0.05);t the levels of the other param-
eters varied widely (particularly phosphate and parathyroid
hormone levels), but their median values were close to the
recommended targets. No correlations were found between
the erythropoietin dose and haemoglobin or parathyroid hor-
mone levels.

The comparison of anthropometric, blood pressure and lab-
oratory data of patients treated with HDF and those treated
with bicarbonate HD showed that children on HDF had higher
creatinine (5.7 vs. 4.2 mg/dl; p<0.05) and albumin (3.6 vs.
3.0 g/dl; p<0.05) levels and lower phosphate levels (4.9 vs.
6.1 mg/dl; p<0.05) than those on bicarbonate HD. The only
significant difference between patients treated with 2–4
sessions/week and those treated with 5–7 sessions/week was
lower urea levels in those undergoing more frequent dialysis
(84 vs. 123.5 mg/dl; p<0.05).

Hospitalisations and outcomes

Data on 39 hospital admissions were available for 14 children
aged<2 years (25 hospitalisations occurred in the first year of

life), for a median cumulative hospital stay of 23 (IQR 11–
38) days per patient, and an incidence of 1.94 hospitalisations
per patient-year. Table 5 shows the causes of the
hospitalisations, with most due to infections and CVC com-
plications, followed by cardiovascular complications and
surgery.

In terms of the outcome of the first HD cycle, after a
median period of 16.6 (IQR 6.9–33.6) months, 11 pa-
tients underwent rTx, six were switched to PD, three
had died and one was still undergoing HD. The reasons
for switching to PD were family choice (3 patients), the
lack of a vascular access (1) and unknown (2). Tech-
nique survival was 71 and 65 % after 12 and 24 months,
respectively.

Seventeen patients underwent a total of 19 rTx. Median
age and median body weight at the time of the first rTx
was 3.0 (IQR 2.0–3.5) years and 11.1 (7.9–12.6) kg, re-
spectively. Postoperative graft recovery was immediate in
15 of these 17 patients; the remaining two patients devel-
oped renal artery graft thrombosis, resulting in the peri-
operative death of one patient and loss of the graft after 9
months in the other. The median post-rTx follow-up was
1.54 (IQR 0.56–5.3) years, and the overall 5-year graft
survival was 72 %. Four of the 19 rTx involved patients
aged <2 years, of which three renal grafts were still func-
tioning after 5.33, 0.66 and 0.16 years, respectively.

With respect to the long-term outcome, four of the 21 pa-
tients on HD died during follow-up (19 %): three during the
first HD cycle after 3–91.9 months on HD, and the fourth
during a second HD cycle after a period on PD. The causes
of death were the lack of a vascular access (2 patients), surgi-
cal complications (1) and unknown (1 case). All of the deaths
occurred in patients with comorbidities: cerebropathies (2 pa-
tients), short bowel (1) and polymalformative syndrome (1).
The 2-, 5- and 10-year cumulative survival were 95.2, 82.4
and 68.7 %, respectively (Fig. 3). After a median follow-up of
4.8 (IQR 3.1–8.8) years, 15 patients had a functioning trans-
plant, four had died and two were on chronic HD.

Table 3 Standard deviation scores for anthropometric data and blood pressure during follow-up

Anthropometric and
blood pressure parameters

Time course of hemodialysis period up to renal transplantation and at last follow-upa

Time 0
(20 patients)

6 months
( 14 patients

12 months
(11 patients)

Renal transplanation
(11 patients)

Last follow-upb

(16 patients)

Weight −2.4 (−3.3 to −1.7) −2.9 (−4.1 to –1.2) −2.2 (−3.1 to –1.2) −2.1 (−3.0 to –0.9) −1.3 (−2.4 to −0.9)
Height −1.8 (−5.2 to 0.6) −3.1 (−4.8 to 0.1) −3.2 (−4.4 to –0.5) −2.3 (−3.6 to –1.5) −2.5 (−3.2 to −1.4)
Pre-systolic blood pressure 1.0 (0.3–2.7) 1.0 (0.0–2.7) 1.3 (0.4–2.2)

Pre-diastolic blood pressure 1.1 (0.4–2.5) 1.7 (0.7–2.1) 1.1 (0.8–1.9)

Values are presented as the median value with the interquartile range (IQR) in parenthesis
a Changes over time were not significant for all the variables (p>0.05)
bMedian age 4.8 years (range 1.4–15.5 years)
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2 of the children treated in the first year of life died and 10
had a functioning transplant after a median follow-up of
4.2 years (1.7–12.2). There was no significant difference in
the survival of the patients starting HD in the first and second
year of life (p=0.98) (Fig. 3).

Discussion

Although preemptive or early rTx, if feasible, is the best op-
tion for small children with ESRD, and PD remains the pre-
ferred form of renal replacement therapy (RRT) in this popu-
lation, under some circumstances HD represents the only pos-
sible RRT option. However, given the small number of cases
treated in each centre, there is still a scarcity of published data
on the use of HD in infants and toddlers [13–17]. The four
major studies published to date included a total of only 28
patients aged <2 years or weighing <10 kg who underwent
HD for >3 months [13–16], and there are no published case
series specifically describing patients who started HD during
the first year of life. To address this gap in our knowledge, we
retrospectively reviewed the cases of 21 children starting

chronic HD at an age of <2 years entered in the Italian Regis-
try of Pediatric Dialysis, including 12 children treated during
the first year of life.

Our series of small children treated with chronic extracor-
poreal therapy is the largest published to date which involves a
homogeneous population, i.e. children aged<2 years treated
with HD for >3 months, including a relatively high number of
infants treated during the first year of life. The points of
strength of this study include the homogeneity of the popula-
tion and a comprehensive set of clinical data not previously
reported for this particular population.

Our findings confirm that HD is rarely used in infants and
toddlers: the percentage of small children treated with extra-
corporeal dialysis in different studies varies from 3 to 14 %
[1–9], and only 15.8 % of our registered ESRD patients aged
<2 years underwent chronic HD, which represents the first-
choice RRT option in only 6 % of the cases.

It has been clearly demonstrated that daily dialysis has
beneficial effects on many outcome measures in children, in-
cluding growth. Most of our patients underwent HD sessions

Table 4 Laboratory data at the
beginning of haemodialysis and
after 6 and 12 months

Laboratory parameters Time course during first year of hemodialysisa

Time 0 (16 patients) 6 months (14 patients) 12 months (11 patients)

Urea (mg/dl) 109.5 (61–144) 136.5 (90–170) 99.5 (52–167)

Creatinine (mg/dl) 4.7 (3.2–6.6) 4.9 (2.9–6.3) 5.3 (3.6–6.4)

Haemoglobin (g/dl) 8.5 (7.8–8.8) 8.8 (7.9–9.8)b 9.6 (8.6–10.4)c

Albumin (g/dl) 3.1 (2.8–3.4) 3.5 (3.0–4.2) 3.7 (3.3–4.0)c

Calcium (mg/dl) 9.9 (9.0–10.2) 9.6 (9.2–10.2) 9.6 (9.5–10.4)

Phosphate (mg/dl) 4.8 (4.1–6.6) 5.7 (4.7–6.6)b 4.9 (3.8–5.9)

Parathyroid hormone (pg/ml) 169.5 (76–628) 336 (136–1088) 207 (64–900)

Values are presented as the median value with the interquartile range (IQR) in parenthesis
a Changes over time were not significant except where indicated
b Baseline vs. 6 months: p<0.05
c Baseline vs. 12 months: p<0.05

Table 5 Causes of hospitalisation in the 14 children for whom such
data were available

Causes of hospitalisation Patients
aged <2 years

Patients
aged <1 year

Intercurrent infections 10 (25.6 %) 7 (28 %)

CVC complications 8 (20.5) 5 (20 %)

Cardiovascular complications 7 (17.9 %) 1 (4 %)

Surgery 6 (15.4 %) 6 (24 %)

Other 8 (20.5 %) 6 (24 %)

Values are presented as the number with the percentage in parenthesis

CVC central venous catheters
Fig. 3 Survival curve of the 21 patients on chronic hemodialysis aged
<2 years
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of 3–4 h for four or more times per week (most of these were
treated before the publication of the results on intensified HD
schedules in children). It is interesting to note that the percent-
age of patients undergoing more than three sessions per week
(63.6–71.4 %) was similar to that reported by Leonard et al. in
the North American Pediatric Renal Trials and Collaborative
Studies (NAPRTCS) database [9].

Almost half of the children in our series were treated
with HDF. We found that these patients on HDF had
higher creatinine and albumin levels, which can be
interpreted as markers of a better nutritional status,
and lower phosphate levels than children on bicarbonate
HD. Although a comparison of different HD modalities
is beyond the scope of the study, our data, which can
be viewed as only preliminary, confirm that despite the
results of various adult studies and the potential advan-
tages of convective therapies in pediatric patients, there
is still an urgent need for conclusive proof on the ben-
efits of HDF over bicarbonate HD in children, with all
of the technical aspects of HDF in small children also
taken into account.

Notwithstanding the technical difficulties of HD in small
children, our data show that it can lead to acceptable meta-
bolic equilibrium and blood pressure control, although
growth remains a major concern. In our pediatric patient
population undergoing chronic HD both weight and height
were relatively stable during the period of HD treatment, but
the children’s growth rate remained unsatisfactory. These
data are in line with those reported in previous small case
series of small children on HD [13–15], but they do not
confirm the improvement of growth reported after the begin-
ning of PD or after rTx [18]. The most important strategy to
optimise growth in small children with ESRD is to guaran-
tee adequate protein and calorie intake: 63.6 % of our chil-
dren were enterally fed, a percentage similar to that reported
by Quinlan et al. (6/9 patients) but higher than that reported
by Kovalski et al. (3 gastrostomised children among 11 pa-
tients) [13, 14]. Almost 20 % of the children in our series
were treated with GH (25 % in the first year of life), which
is surprising given that there are very little published data on
the use of rhGH in infants, and none of the studies involved
infants on HD [19–21]. We did not observed post-rTx catch-
up growth, probably due to the short follow-up after rTx
(median 1.5 years). Data on parental target height, which
could help in the diagnosis of a true height deficit in chil-
dren, were not available in the Registry database.

Many studies have shown that, differently from PD, anae-
mia is still a major problem in infants undergoing HD: all of
the patients in our cohort were treated with rhEPO, but
haemoglobin levels remained unsatisfactory as the average
level was only 8.5–9.6 g/dl. The median EPO dose (600 U/
kg/week) was higher than that used by Quinlan et al. (100–
550 U/kg/week) and Shroff et al. (100–300 U/kg/week) but in

line with that used by Kowalski et al. (330–800 U/kg/week)
and Feinstein et al. (340–1252 U/kg/week) [13–15, 17]. Un-
fortunately, the Registry database does not contain data on
patients’ iron status.

The preparation and management of a vascular access
is undoubtedly one of the major factors limiting the use
of HD in small children [14, 22, 23]. Our study con-
firms that the use of an arteriovenous fistula was excep-
tional, with almost all of the children treated by means
of a central venous line. Overall CVC survival was
clearly better using a tunnelled rather than an uncuffed
catheter, but despite the availability of suitable pediatric
cuffed CVCs and unacceptably poor outcomes of tem-
porary CVCs, the latter are still frequently employed in
small children. The incidence of CRBSI (0.6 episodes/
1000 CVC days) was low among our pediatric patients,
although it may have been underestimated. However,
there was a very high prevalence of catheter-related cen-
tral vein thrombosis (38 %), which may have been even
more frequent as the Registry centres did not systemat-
ically investigate its presence. Central vein thrombosis
can have a negative impact on the possibility to perform
an arteriovenous fistula in the future, with dramatic con-
sequences on quality of life and survival. Even more
importantly, the lack of a vascular access was the most
common cause of death in our cohort (2 cases). New
strategies need to be developed to preserve the integrity
of central veins in small children who undergo HD
through a CVC. Given that short- and long-term access
complications are less common in PD, CVC remains at
present the most important drawback of HD in small
children.

Our findings confirm that infants and toddlers on chronic
HD frequently need to be hospitalised, with CVC-related
complications being second only to intercurrent infectious
diseases as the reason for hospitalisation (accounting for
20 % of the cases). Furthermore, the retrospective nature of
our study may have led to our hospitalisation rate (1.9 admis-
sions/patient-year) being at least partially underestimated giv-
en that it is lower than that recorded by Shroff et al. (8.2/
patient-year) and Kovalski et al. (0.7/patient-month) [14, 15].

Previously published studies reported successful rTx in
40–73 % of small children treated with HD, with mortality
rates ranging from 0 to 30 % [13–16]. Seventeen of our pa-
tients underwent rTx at a median age of 3.0 years, with a 5-
year graft survival rate of 72 %. The four patients who died
during a median follow-up of 4.8 years all had severe comor-
bidities, thus confirming that chronic renal failure per se rarely
leads to death even in small children. Previous studies have
clearly demonstrated that extrarenal comorbidities are
major factors influencing the prognosis of infants with
ESRD [3, 17]. It is worth noting that ten of our 12 patients
who started HD in the first year of life had a functioning
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transplant at the time of the last observation. Registry data
clearly showed that the survival of patients starting RRT as
infants is lower than that in those aged >1 year at the start of
dialysis (75.1 % at 3 years according to NAPRTCS data) [1].
Our survival rates (95.2, 82.4 and 68.7 % at 2, 5 and 10 years,
respectively) are not significantly different from the 79 % of
the 1-, 2- and 5-year survival rates reported by Wedekin et al.
[3] in 29 infants treated with PD (27 patients) or preemptive
rTx (2 cases), but they are far from those reported by large
studies after rTx (91.4–95.5 % at 5 years) [1, 24].

Based on these data taken together, the search for
new strategies to improve the outcome of small children
on chronic HD is essential. Technical advances could
help overcome the current limitations of HD in this
population, and the promising results obtained using
the CARPEDIEM machine, which is specifically de-
signed for continuous RRT in neonates, and the Nidus
system are the first steps in this direction [25, 26].

Our study has a number of methodological limita-
tions that are typical of a multicentre, registry-based
study. These include a lack of detailed information on
a number of important clinical aspects, such as dialysis
efficacy, dietary intake and medications (except for
rhEPO and rhGH). Possible differences in the CVC
management protocols and hospitalisation policies of
the different participating centres and the absence of
standardised criteria for the diagnosis of clinical and
CVC-related complications must be acknowledged as
limitations of the study. Moreover, data collection every
6 months could be misleading in a population of small
children. More importantly, given the absence of a con-
trol group, we acknowledge that the study can be con-
sidered to be a descriptive analysis only and that care
must be taken when interpreting the results.

Conclusions

Technological advances in dialysers and machines over the
last years have resulted in HD becoming a feasible treatment
option in very small children to obtain fluid status control and
metabolic equilibrium, thereby enabling the majority of sur-
viving children to undergo a successful rTx. Despite the use of
GH, impaired growth remains a major concern. However, the
most important limitation of long-termHD is the use of CVCs,
which increases the risks of infection, central vein thrombosis,
hospitalisation and even death. Mortality is strictly associated
with the presence of non-renal comorbidities. PD and, if pos-
sible, preemptive or early rTx remain the first-choice options
in small children with ESRD. Investigation of the different
dialysis modalities and of the optimal strategies for improving
the outcomes of small children undergoing chronic HD re-
mains the unanswered priority.
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