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Abstract Current data demonstrate pediatric patients who
remain on hemodialysis (HD) therapy are more likely to be
dialyzed via central venous catheters (CVCs) than arterio-
venous grafts (AVGs) and fistulae (AVFs). We retrospec-
tively compared complications and health-related quality of
life (HRQOL) associated with different vascular access
types at two large centers over a 1-year period. Patients
included in the study were younger than 25 years of age,
weighed >20 kg, and had received HD for at least 3 months.
Thirty CVC patients and 21 AVG/AVF patients received a

total of 2,393 and 3,506 HD treatments, respectively. The
infectious complication rate was higher for CVC patients,
who were hospitalized 3.7 days for each 100 HD treatments
versus 0.2 days for AVG/AVF patients (p<0.01). CVC
patients also had a much higher rate of access revision,
needing 2.7 hospital days every 100 HD treatments
compared with 0.2 days for AVG/AVF patients (p<0.01).
HRQOL scores did not differ between groups. Thus,
despite similar HRQOL, CVCs were associated with more
complications and greater morbidity when compared with
AVG/AVFs. These findings further emphasize the need to
use AVG/AVFs as primary HD access for pediatric patients
expected to receive a long course of maintenance HD.
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Introduction

The increased recognition of central venous catheter
(CVC)-associated morbidity and mortality in adult patients
receiving maintenance hemodialysis has led to an emphasis
on permanent vascular access establishment, known as the
Fistula First Initiative [1]. Recently, a similar emphasis
occurred in the pediatric hemodialysis population with the
first published pediatric Kidney Disease Outcome Quality
Initiative (K-DOQI) vascular access guidelines, which
recommend permanent vascular access placement in chil-
dren >20 kg who are expected to require hemodialysis for
>1 year [2]. Despite this recommendation, CVCs continue
to serve as the most prevalent vascular access in the
pediatric population, with close to 80% of pediatric
maintenance hemodialysis patients using CVCs as vascular
access [3]. Permanent access prevalence rates in the form of
an AVF or AVG are only 5%, 13.5%, and 21.5% at 1, 2,
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and 3 years, respectively [3]. Prevalence rates are somewhat
better in adolescent patients, although data from the Center
for Medicare & Medicaid Clinical Performance Measures
Project demonstrate 56% of adolescents receive hemodia-
lysis via CVCs for at least 2 consecutive years [4].

The potential rationale for increased relative CVC
prevalence includes perceived difficulties in creating and
using permanent access in children and shortened time
spent on dialysis therapy as a bridge to transplantation [5].
An additional factor that may influence selection of CVCs
over permanent access is the reluctance of children to
endure the pain associated with access cannulation, which
in turn may negatively influence the patients overall health
related quality of life (HRQOL). A recent study in adult
patients, however, revealed patients dialyzed persistently
via an AVF actually reported better HRQOL [6]. Although
there is consistent evidence showing hemodialysis CVC use
is associated with greater morbidity and mortality risk in
the adult population [7, 8], there is limited information with
respect to the complication rate between access types in
pediatric hemodialysis patients [9–12]. Moreover, the
implications of access-related complications on HRQOL
in children have not been described.

The aims of this study were to (1) compare complica-
tions associated with different vascular access types and (2)
compare-patient reported vascular-access-associated
HRQOL in children receiving maintenance hemodialysis.

Methods

A retrospective analysis was completed using a patient
sample comprising children receiving maintenance hemo-
dialysis at Mattel Children’s Hospital at the University of
California Los Angeles (UCLA), Los Angeles, CA, USA,
between 1 May 2005 and 30 April 2006 and Texas
Children’s Hospital, Houston, TX, USA, from 1 January
through 31 December 2003. Patients received maintenance
hemodialysis for at least 3 consecutive months and were
≤25 years of age and >20 kg. Patients with a previously
failed AVG/AVF were excluded from study. The Institu-
tional Review Boards at UCLA and Baylor College of
Medicine approved the study. Patient data included age,
gender, ethnicity, disease leading to end-stage renal disease
(ESRD), and vascular access type. During the 1-year study
period, the numbers of dialysis sessions were recorded,
along with any access-related complications. These were
subdivided into infectious or access-related complications
(see definitions below) and included number and duration
of hospitalizations. In addition, outpatient administration of
antibiotics due to infections complications and alteplase
treatments given before, during, or after hemodialysis
treatments were recorded.

Definitions

Infectious complications were defined as any hospitalization
that occurred for fever or other signs and symptoms of
infection that could be attributed to the presence of an
indwelling CVC or AVG/AVF. Access complications were
defined as any hospitalization that resulted from a malfunc-
tion of hemodialysis vascular access. This included catheter
stripping, replacement, and AVG/AVF thrombectomy.

Completion of Pediatric Quality-of-Life Inventory

Patients and their parents were asked to complete the
Pediatric Quality-of-Life Inventory (PedsQL™ Generic
4.0) [13] at the end of the study period or when they
stopped hemodialysis therapy due to a modality change or
renal transplantation. The PedsQL™ has been validated as
a reliable HRQOL assessment instrument in pediatric
patients with ESRD [14]. After introductory instructions
from a study coordinator, parents and patients >8 years of
age self-administered the PedsQL™. For patients <8 years
of age or in cases in which patients were unable to self-
administer the survey, the study coordinator read the
PedsQL™ questions aloud and recorded the patients’
answers. The patient and parents completed the question-
naires independently of one another.

Statistical methods

As there were no significant differences seen between the two
medical centers with respect to demographics, complication
rates, or HRQOL scores, data were pooled together. Data are
presented as means ± standard deviations. Statistically
significant differences between demographics or complica-
tions were determined by chi-square analysis. The un-
paired t test was used to determine differences in HRQOL
scores between groups. A p value <0.05 was considered
significant.

Results

Demographics

Demographic information for the 51 patients included in
this study is listed in Table 1. There were 30 CVC patients
(12 from UCLA and 18 from Baylor) and 21 AVG/AVF
patients (10 from UCLA and 11 from Baylor). Mean CVC
patient age (13.6±4.2 years) was lower than AVG/AVF
patient age (17.4±2.1 years, p<0.05). Only one patient was
older than 21 years. There were no significant differences
noted with respect to other demographic variables for CVC
patients versus AVG/AVF patients.
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Over the 1-year study period, CVC and AVG/AVF
patients received a total of 2,393 and 3,506 hemodialysis
treatments, respectively. During the study period, one
patient who received a majority of hemodialysis treatments
through an AVG was transitioned to a CVC due to
infectious complications (see below). None of the CVC
patients were transitioned to AVG/AVF access. Three
patients (two CVC and one AVG/AVF) transitioned off
dialysis due to renal transplantation.

Complications

Complication rates due to infection or access malfunction
are shown in Table 2. Eighteen out of 30 CVC patients
were hospitalized at least once during the study period, with
nine patients hospitalized multiple times for CVC-related
issues. In CVC patients, complications due to infection
resulted in 86 hospital days, whereas access revisions
resulted in 64 hospital days (p=NS). Five out of 21 AVG/
AVF patients were hospitalized during the study period,
with only one patient hospitalized multiple times. In AVG/
AVF patients, complications due to infection resulted in 7
hospital days, whereas access revisions resulted in 6
hospital days (p=NS).

When normalized to the number of hemodialysis treat-
ments, the complication rate due to infection was higher in
CVC patients, who were hospitalized 3.7 days for every
100 hemodialysis treatment days, versus AVG/AVF
patients, who were hospitalized 0.2 days for each 100
hemodialysis treatment days (p<0.01). Similarly CVC
patients had a much higher rate of access revision, needing
2.7 hospital days for every 100 hemodialysis treatments
compared with 0.2 days for every 100 hemodialysis
treatments in AVG/AVF patients (p<0.01). Outpatient
interventions due to infection complication and access
malfunction included the administration of antibiotics and
alteplase. CVC patients received 216 separate antibiotic

administrations and 542 alteplase treatments (22.6 treat-
ments for every 100 hemodialysis treatments) over the
study period. AVG/AVF patients underwent only two
antibiotic administrations and no alteplase treatments.
CVC patients had a significantly higher rate of outpatient
antibiotic administrations (9.1 for every 100 hemodialysis
treatments) versus AVG/AVF patients (0.06 for every 100
hemodialysis treatments), (p<0.01).

Health-related quality of life

HRQOL testing was performed on all 51 patients. Mean
HRQOL scores from the PedsQL™ for both CVC and
AVG/AVF patients and their parents are presented in
Table 3. No significant differences were observed in any
specific HRQOL domain between the CVC and AVG/AVF
patients/parents or in the total HRQOL domain.

Discussion

Previous reports of access-related complications in pediatric
hemodialysis patients have been sparse, and no study has
compared overall complications, hospitalizations, outpa-
tient access complications and HRQOL between patients
dialyzed via a CVC or permanent access. Data from this
study demonstrate that CVC use is associated with a much
higher rate complication rate. Hospitalization rates associ-
ated with CVCs were more than ten times greater than
those associated with AVG/AVFs. Hospitalization days
(normalized to number of hemodialysis treatments) of
CVC patients were nearly 20 times that of AVG/AVF
patients. However, there were no differences in reported
HRQOL between the two groups. In sharp contrast to the
magnitude of hospitalizations seen in CVC patients due to
access malfunction, AVG/AVF patients spent only 0.2 days
in hospital for every 100 hemodialysis treatments. Consid-

Table 1 Patient demographics

CVC AVG/AVF

UCLA patients (n) 12 10
Texas Children's patients (n) 18 11
Age, years (range) 13.6±4.2 (5–23) 17.4±2.1 (9–21)*
Weight, kg, mean±SD (range) 39.1±17 (21–74) 43.4±16 (26–76)
HD treatments (n) 2,393 3,506
Diagnosis Dysplasia/reflux 8 7

Vasculitides 7 4
Glomerulonephritis 3 2
FSGS 6 5
Other 6 3

CVC central venous catheter, AVG/AVF arteriovenous graft/arteriovenous fistula, SD standard deviation, FSGS focal segmental glomerulosclerosis
*p<0.05
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ering the perceived difficulties in creating and maintaining
permanent access in children, this result is surprising but
not inconsistent with previous reports. One-year survival
rates for CVCs range from 27% to 62% [11, 15, 16],
whereas those of AVG/AVF range from 74% to 96% [9].

A commonly used argument against the placement of
AVG/AVFs is the relatively short waiting times for renal
transplantation in the pediatric population. Whereas renal
transplantation remains the therapy of choice for pediatric
ESRD patients, several subpopulations require long-term
hemodialysis access [17]. For example, patients at risk for
recurrent disease or highly sensitized patients often require
hemodialysis for extended periods. These patients require
particular attention when hemodialysis access is placed, to
ensure that such access will remain available for their entire
lifetime. In fact, due to the finite lifespan of a renal
allograft, planning for vascular access poses a unique
challenge in the pediatric population. Children with renal
failure may be facing 40–50 years on dialysis. As a result,
any intervention that could compromise future vascular
access must be avoided at all costs. Catheters frequently
lead to stenosis or thrombosis of the host vessel or the
central veins [18]. This is particularly true in children, who
have smaller diameter veins than adults. Venous stenosis of
the central veins creates outflow obstruction for future
fistula formation and may negatively alter the outcome of
ESRD therapy in children.

Although many of the items tested in the PedsQL™
favored the use the AVG/AVGs, there were no significant
differences seen between the two groups. Even though this
study is relatively large for a pediatric hemodialysis study,
we recognize that given the nature of HRQOL testing, it is
underpowered. Thus, it would take a much larger sample
size to adequately address individual items of HRQOL.

One particular issue that needs further study is the
concern that the repeated needle sticks associated with the
use of AVG/AVFs negatively influences patients HRQOL.
This concern plays a major role when vascular access is
considered in younger children, where pain could be a
prohibitive factor in access cannulation. Although the

HRQOL survey administered did not specifically address
the impact of cannulation on HRQOL, the PedsQL™ data
do not support a negative impact of cannulation on general
HRQOL. We speculate that the negative stigma associated
with needle sticks may not be as profound as previously
thought, although this area requires more direct assessment.

A final consideration is the economic and social burden
that CVC use appears to have over the use of AVG/AVFs.
We observed a hospitalization rate an order of magnitude
higher with CVCs. Although not directly measured in this
study, this hospitalization rate unquestionably drives up the
cost of medical care and disrupts normal work, school, and
family schedules. The outpatient burden with the use of
CVCs, which has not been addressed in any other study,
appears just as significant. Using a conservative estimate of
1.5 h for medication preparation and administration, CVC
patients increased use of outpatient antibiotic and atelplase
treatments required an additional 48 h of care per 100
hemodialysis treatments. Thus, use of AVG/AVFs over
CVCs in pediatric patients may lead to substantial financial
savings.

One potential confounding factor when interpreting the
results of this study is the younger average age seen in the
CVC group. This may be a reflection of physician bias to
place CVCs in younger and smaller patients. However, the
age differences seen would not be expected to influence the
rate of complications, as the youngest patient in the CVC
group was 9 years old. Likely, the weight cutoff of 20 kg
used in this study eliminated age as a potential confounding
factor for infectious complications.

The choice of vascular access in pediatric patients
undergoing hemodialysis remains a controversial subject.
However, our study results support the recommendations of
the Fistula First Initiative and the K-DOQI Pediatric Vascular
Access Clinical Practice Recommendation, as AVG/AVF
were associated with a significantly lower complication rate
without any negative influence on HRQOL. We would

Table 2 Comparison of complication rates for central venous catheter
(CVC) versus arteriovenous graft/arteriovenous fistula (AVG/AVF)

CVC AVG/AVF P value

Hospital days for infection/100
treatments

3.7 0.2 <0.01

Hospital days for access
revision/100 treatments

2.7 0.2 <0.01

Outpatient antibiotic treatments/100
treatments

9.1 0.06 <0.01

Outpatient alteplase treatments/100
treatments

22.6 NA NA

Table 3 Pediatric Quality-of-Life Inventory (PedsQL™) dataa

CVC AVG/AVF P value

Patient Physical 69.4±19 77.4±20 NS
Parent Physical 60.9±20 68.2±21 NS
Patient Emotional 66.4±19 73.4±17 NS
Parent Emotional 59.1±19 66.9±21 NS
Patient Social 74.5±18 78.9±15 NS
Parent Social 63.9±19 68.9±20 NS
Patient School 60.4±26 62.0±20 NS
Parent School 51.8±26 60.3±26 NS
Patient Total 67.7±17 72.9±14 NS
Parent Total 58.9±15 66.1±19 NS

NS not significant
a Scores from the PedsQL™ are linearly transformed to a 0–100
scale; higher scores indicate better health-related quality of life
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recommend that AVG/AVFs should be the primary form of
hemodialysis access for children requiring long-term main-
tenance hemodialysis.
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