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Abstract
Background This study aimed to describe the efficiency and longevity of arteriovenous fistula (AVF) for hemodialysis (HD) in
children weighing ≤20 kg.
Methods We collected data of all AVFs created using microsurgery techniques between 1988 and 2015. Success was considered
as the ability to use the AVF for HD. Primary and secondary patency rates were measured.
Results Forty-eight AVFs (35 forearm, 13 upper arm) were created in 41 children with a median weight of 13.5 kg (range 5.5–
20). The need for a second AVF was significantly higher in younger and thinner children at the time of AVF creation (p = 0.046
and p = 0.019, respectively). Successful use for HD occurred in 42 AVFs (87.5%), while six (12.5%) resulted in failure for early
thrombosis or nonmaturation. Median time to first cannulation was 18.8 weeks (range 2–166.3). Primary and secondary patency
rates at 1, 5, and 10-year follow-ups were 54.2%, 29.2%, and 13.7%; and 85.4%, 57.7%, and 33%, respectively. Almost one third
of thromboses after first AVF cannulation were observed at kidney transplantation (KT) perioperatively. At the end of the follow-
up (median duration 5.07 years, range 0–17.95), one patient was still on HD via AVF, two died of unrelated reason, and 38 were
transplanted—one of whom returned to HD with a new AVF.
Conclusions AVF using microsurgery techniques is feasible in young children, showing an early failure rate of 12.5%. Time to
first cannulation may be rather long, but secondary patency is excellent. Thrombosis rate is high during KT.
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Abbreviations
AVF Arteriovenous fistula
CAKUT Congenital abnormalities of kidney

and urinary tract
CDI Color duplex imaging
CVC Central venous catheter
ESRD End-stage renal disease
HD Hemodialysis
KT Kidney transplantation
PD Peritoneal dialysis
RRT Renal replacement therapy
PTA Percutaneous transluminal angioplasty

Introduction

End-stage renal disease (ESRD) is rare in young children.
While pre-emptive kidney transplantation (KT) is the optimal
therapy, its application is not always feasible due to either
surgical difficulties or lack of suitable kidney donor [1].
Clinical practice guidelines recommend peritoneal dialysis
(PD) as the first option for renal replacement therapy (RRT)
[2, 3]. However, when PD is inefficient or technically impos-
sible, hemodialysis (HD) is an alternative option [4].
Arteriovenous fistula (AVF) may be preferred to central ve-
nous catheter (CVC) due to lower associated infection rate and
better preservation of central vein patency [2, 5–8].
Nevertheless, feasibility of AVF in children weighing
≤20 kg is a surgical challenge, while its efficiency, longevity,
and associated morbidity are not widely assessed. Few studies
have reported the high rates of immediate success and long-
term patency as benefits of microsurgery techniques and pre-
ventive hemostasis for AVF creation in children [9–14]. The
aim of this study was to present our experience with micro-
surgical AVF created in children weighing ≤20 kg.
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Patients and methods

This retrospective study comprised 48AVFs for HD created in
41 children weighing ≤20 kg from January 1998 to December
2015 at the Robert Debré Hospital, in Paris. As with adults,
preoperative vessel mapping was initially performed with ve-
nography (n = 16), but it may be intrusive and technically
demanding, particularly in young children. Color duplex im-
aging (CDI) became secondarily the de facto standard for
vessel mapping and search for indirect signs of central vein
stenosis if any history of CVC.

No minimal diameter of cephalic and basilic veins was
required, but assessment of continuity, absence of stenosis,
and compliance of the main superficial veins were considered
mandatory. Forearm radiocephalic AVF in the nondominant
wrist was the preferred localization. All AVFs were created
using microsurgery techniques and preventive hemostasis by
specialized microvascular surgeons. Microsurgery includes
surgical microscope, microinstruments, microclamps, and
microsutures. Preventive hemostasis was used routinely with
Esmarch bandage and pneumatic tourniquet [15].
Anticoagulation prophylaxis was used routinely with low-
molecular-weight heparin for 20 days after surgery [16].
Anti-Xa level (target range 0.5–1 U/ml) was systematically
monitored to adjust heparin dose. Pre- and postoperative
anti-vitamin-K anticoagulation therapy was used in 13 select-
ed cases when thrombotic risk was substantial. A second-stage
lipectomy was necessary in radiocephalic AVFs when the ce-
phalic vein was deep under thick subcutaneous tissues of the
forearm (n = 8) and in all brachiobasilic AVFs (n = 9) [17, 18].
Maturation of AVF was evaluated by palpation of the vein,
while its depth and volume flow rate were assessed using CDI.
It was confirmed by ease of the first cannulation and efficient
dialysis. However, as time to first cannulation depends on the
need for HD, time to maturation was determined as the time
interval between AVF creation and first cannulation in patients
already on RRT with PD or HD. All AVFs were cannulated
with 17-gauge needles using the rope ladder technique after
application of a local anesthetic cream. Follow-up of AVF
during HD included monitoring of venous and arterial pres-
sure, and blood flow at each HD session, weekly clinical AVF
examination, and monthly assessment of dialysis adequacy.
AVF CDI was performed every 6 months until the day of
KT and then every 12–24 months. Well-trained nursing staff
was responsible for educating parents about the best care for
AVF and the early recognition of abnormal signs or symp-
toms. Of note, we collaborated with specialized pediatric in-
terventional radiologists and anesthesiologists for percutane-
ous transluminal angioplasty (PTA) and thromboaspiration.

Early failure characterized AVF, which were abandoned
(i.e., never for HD) because of occlusion or absent maturation.
Success was indicative for AVF, which were used for HD.
Primary maturation was defined as spontaneous AVF

maturation without radiological or surgical reintervention.
Primary patency was defined as the time interval from AVF
creation until any intervention designed to maintain or re-
establish patency. Secondary patency was defined as the time
interval from AVF creation until failure (including intervening
manipulations designed to re-establish functionality) [19].
Early and late complications were defined as those observed
before and after first AVF cannulation.

All statistical evaluations were performed using SPSS sta-
tistics software. The Kaplan–Meier method was used to cal-
culate patency rates. The box-and-whisker plot histogram il-
lustrates the variation (median, quartiles, minimum, and max-
imum values) of selected nonparametric data. The log-rank
and Mann–Whitney tests were used to compare patency
curves and distribution of selected parameters in independent
groups, respectively [20]. A p value <0.05 was considered
statistically significant.

Results

Patient characteristics

Forty-one children (23 boys, 18 girls) were evaluated. The
observed primary renal diseases are reported in Table 1.
Twenty-one children (51%) had AVF creation before RRT
and 20 (49%) while on RRT: 16 on HD via CVC and four
on PD (3 graft failures included). In total, HD via CVC was
observed in 21 (51.2%): 16 before AVF maturation, two long
before AVF creation (transitory HD via CVC discontinued
after improvement of kidney function), and in three after
AVF failure. Median follow-up was 5.07 years, with varia-
tions from 0 to 17.95 years. B0^ (zero) indicates one patient
who was not followed up because of immediate thrombosis of
AVF and continuation of HD via CVC without creation of a
new AVF. At the end of the overall follow-up, one patient was

Table 1 Etiology of primary renal disease

Primary renal disease No. patients (%)

CAKUT 14 (34.2%)

Congenital nephrotic syndrome 9 (22%)

Ciliopathy 6 (14.6%)

Primary hyperoxaluria 3 (7.3%)

Infantile idiopathic nephrotic syndrome 2 (4.9%)

Atypical HUS 2 (4.9%)

Necrotizing vasculitis 1 (2.4%)

Nephroblastoma 1 (2.4%)

Mitochondrial citopathy 1 (2.4%)

Unknown reason 2 (4.9%)

CAKUT congenital abnormalities of kidney and urinary tract, HUS he-
molytic uremic syndrome

856 Pediatr Nephrol (2018) 33:855–862



still onHD via AVF, two died of unrelated reason, and 38were
transplanted—one of whom recommenced HD with a newly
created AVF after graft rejection.

AVF characteristics

Forty-eight AVFs were placed in 41 patients: 38 (79%) in
the left upper limb and ten (21%) in the right. Thirty-five
(72.9%) were in the forearm and 13 (27.1%) in the upper
arm; 33 (68.8%) were radiocephalic, two (4.2%)
ulnobasilic, ten (20.8%) brachiobasilic, and three (6.2%)
brachiocephalic.

Thirty-four (83%) patients underwent a single AVF
placement, whereas a second was required in seven
(17%). Reasons for failure of first AVF were four periop-
erative thromboses, one absent maturation, one thrombo-
sis secondary to a juxta-anastomosis stenosis, and one
unsuccessful high-flow reduction. The need for a second
AVF was significantly higher in younger and lighter chil-
dren at AVF creation (p = 0.046 and p = 0.019, respective-
ly) (Table 2). Median age at AVF creation was 3.2 years
(range 0.5–8.1); <2 years in eight (16.7%), ≥ 2 years and
<4 years in 25 (52%), ≥ 4 years and <6 years in nine
(18.8%), and ≥6 years in six (12.5%). Median weight at
AVF creation was 13.5 kg (range 5.5–20): <10 kg in eight
(16.7%), ≥10 kg and <15 kg in 22 (45.8%), and ≥15 kg in
18 (37.5%). Most patients weighed between 10 and 15 kg.

At the end of follow-up, 28 (58.3%) AVFs were complicat-
ed and eventually failed, six (12.5%), were ligated after 1 year
of a well-functioning KT for fear of future cardiac issues, two
(4.2%) were abandoned because of patient death unrelated to
treatment, and 12 (25%) were patent.

Early AVF failure

Success occurred in 42 (87.5%) AVFs, which were used
for HD. Early failure was observed in six (12.5%) (4
radiocephalic, 1 brachiobasilic, and 1 brachiocephalic).
Causes of early failure were postoperative AVF thrombo-
ses in four and absent maturation in two(1 after unsuc-
cessful cephalic vein superficialization). Two postopera-
tive AVF thromboses were observed in the same patient.
Among the five patients with early failure, four underwent

a new AVF creation, and one was converted to HD via
CVC.

Maturation and early complications

Primary maturation was observed in 29 (60.4%) AVFs
and early complications in the remaining 19; six were
abandoned; 13 achieved secondary maturation after surgi-
cal or radiological reintervention (median = 1 per AVF,
range 1–2). In total, 16 interventions were performed:
four percutaneous transluminal angioplasties, six surgical
anastomosis revisions, and six thrombectomies (5 surgi-
cally and 1 percutaneously).

Median time to first cannulation was 18.8 weeks (range 2–
166.3) (Fig. 1) and to maturation in patients already on RRT
17.2 weeks (range 2–68.7). Localization of AVF did not sig-
nificantly influence time to maturation (p = 0.139), which was
significantly shorter in patients ≥3 years (approximate median
age) but did not significantly differ between patients weighing
≥13 or <13 kg (approximatemedianweight) (p = 0.01 and p =
0.307, respectively) (Table 3).

Patency rates

Primary patency rates [± standard error (SE)] at 1 and
2 years of follow-up were 54.2% (± 7%) and 39.6% (±
7%). Secondary patency rates (± SE) at 1, 2, 3, 4, 5, and
10-year follow-up were 85.4% (± 5%), 83.3% (± 5%),
70.5% (± 7%), 64.1% (± 7%), 57.7% (± 7%), and 33%
(± 8%), respectively (Fig. 2).

Primary and secondary patency rates were compared be-
tween patients aged ≥3 and <3 years (approximate median
age) and ≥13 and <13 kg (approximate median weight).
Primary patency rate was not influenced by patient age and
weight at AVF creation (p = 0.116 and p = 0.233, respective-
ly). However, secondary patency rate was significantly higher
in patients aged ≥3 years or weighing ≥13 kg at AVF creation
(p = 0.006 and p = 0.003, respectively) (Fig. 3). Median num-
ber of open surgeries or percutaneous reinterventions per AVF
after initial success was 0.27 (range 0–2.4) per year. Median
duration of HD via AVF was 0.75 years (range 0.05–5.34).

Late complications

After first AVF cannulation, 12 stenoses and 18 thromboses
were observed; their evolution and management are described
in detail on Table 4. Almost one third of thromboses were
observed during KT. Among the stenoses, only one was com-
plicated by cephalic vein aneurysmal degeneration after KT,
resulting to AVF ligation.

Evolution of AVF flow rates is illustrated in Fig. 4 showing a
progressive increase, which is remarkable after a 3-year-follow-
up. High-flow surgical reduction was required in 12 AVFs (4

Table 2 Patient age and weight at arteriovenous fistula (AVF) creation
in patients requiring one or two arteriovenous fistulas (AVFs)

1 AVF 2 AVFs P value
Median (min–max) Median (min–max)

Age (years) 3.54 (0.6–8.1) 2.45 (0.5–2.96) 0.046

Weight (kg) 14.5 (5.5–20) 11.4 (6–14) 0.019

P value < 0.05 statistically significant
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during HD and 8 after KT), including five in the upper arm
(38%) and seven in the forearm (20%). In the upper arm, one
AVF causing high-output cardiac failure was ligated; surgical
reduction was attempted in four but was successful only in one
[21]. AVF ligation in the forearm was performed in three cases,
and juxta-anastomosis ligation of the proximal radial artery re-
sulted in 50% flow reduction in three of four AVFs [22].

Coagulation disorders

Coagulation disorders were observed in four patients: homozy-
gous MTHFR mutation in three and Factor V Leiden mutation
in one. Primary renal disease associated with a higher throm-
botic risk was present in 14 patients: nephrotic syndrome (con-
genital and idiopathic infantile) in 11, atypical hemolytic ure-
mic syndrome in two, and vasculitis in one. As mentioned,
most of these children were under anti-vitamin-K
anticoagulation therapy (13). Primary and secondary patency
was compared between children with nephrotic syndrome (con-
genital or infantile idiopathic) and those with congenital abnor-
malities of kidney and urinary tract (CAKUT). Primary and
secondary patency was not statistically different between
groups (p = 0.071 and p = 0.281, respectively; data not shown).

Discussion

We present results of 48 AVFs created for HD in children
weighing ≤20 kg. In recent published studies evaluating
the efficacy of HD in young children, few AVF creations
have been reported [23–28]. CVC-associated infections
(ranging from 0.6/1000 to 7.7/1000 CVC days) and
malfunctions were the main complications observed, both
leading to a CVC exchange rate of 0.32–3 per patient-years
[23–28]. History of long-term and repetitive CVC place-
ments increases the risk of central veins stenosis. In our
study, CVC was not inserted in 48.8% of patients. No AVF
infection was observed, and second AVF placement was
required in only 17% of patients. Early failure was ob-
served in approximately one of ten procedures .

Fig. 1 Distribution of arteriovenous fistulas (AVFs) (%) according to time to first cannulation (42 in total)

Table 3 Arteriovenous fistula (AVF) time to maturation according to
patient age and weight at AVF creation and AVF localization

Time to maturation (weeks),
median (min–max)

P value

Age ≥ 3 years 8.3 (2–68.7) 0.01
Age < 3 years 21.5 (11.7–68.7)

Weight ≥ 13 kg 8.1 (2–68.7) 0.307
Weight < 13 kg 18 (8.3–26.1)

Upper-arm 21.6 (6.9–68.7) 0.139
Forearm 11.7 (2–68.7) Fig. 2 Arteriovenous fistula (AVF) primary and secondary patency rates

(%) (Kaplan–Meier test)
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Additionally, more than 60% of AVFs achieved primary
maturation, and more than eight of ten AVFs did not de-
velop secondary patency failure at 1-year follow-up. These
data encourage the concept of changing HD strategy in
younger children toward a long-lasting, infection-free
AVF.

The Kidney Disease Outcome Quality (KDOQI) 2006
recommendations and the International Pediatric Fistula
First Initiative in 2004 emphasized the need for consider-
ing AVF as the first choice for pediatric HD [29]. Since
then, there has been an increase in published articles dem-
onstrating the feasibility of AVF in the pediatric popula-
tion, proving that patency rates are comparable with those
of adults [30–38]. They reported early AVF failures in
older and heavier children ranging from 10 to 33.3%. The
first-year primary and secondary patency rates varied from
50 to 100% and from 73 to 100%, respectively [30–39]. In
our study, early failure and patency rates were similar to
these reports, indicating that AVF is suitable in younger
and smaller children. Nevertheless, in our cohort, AVF

Fig. 3 Primary and secondary
patency rates according to age and
weight at arteriovenous fistula
(AVF) creation (%) (Kaplan–
Meier test)

Table 4 Management of stenoses and thromboses occurred at
hemodialysis period, during and after kidney transplantation

Time
period

Treatment Number
of AVFs

Stenosis During HD Surgery 2

PTA 4

After KT PTA 1

AVF ligation 5

Thrombosis During HD Surgery 3

AVF abandon 2

At KT Thromboaspiration + PTA 1

Surgery 1

AVF abandon 4

After KT Thromboaspiration + PTA 1

Surgery 3

AVF abandon 3

HD hemodialysis, KT kidney transplantation, PTA percutaneous translu-
minal angioplasty
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longevity was, as expected, longer in older (≥3 years) and
heavier (≥13 kg) children (Fig. 2).

Surgical expertise plays an important role in the success
of an AVF creation. Since Bourquelot et al. in 1978, sev-
eral surgeons have claimed that microsurgery techniques in
AVF creation can reduce early failure rate, diminish matu-
ration time, and achieve longer access survival rates [9–13].
Moreover, this technique benefits the successful creation of
distal forearm AVF in small children, which is the best
location. However, this technique is not yet adopted by
all pediatric HD centers mainly because it requires micro-
surgical training. In our study, all AVFs were created by the
same vascular surgeon using microsurgery techniques and
the forearm was the first-choice location. The observed
early failure and nonmaturation rates were among the low-
est published results in the pediatric population, proving
that microsurgery should be considered as the technique
of choice in AVF placement [40]. Microsurgery with mi-
croscope training seminars on rats are valuable for initial
formation of young surgeons. Participation in microsurgical
AVF creation in adult patients is the next stage. Early de-
tection and prompt treatment of AVF stenosis is highly
important to avoid possible secondary thrombosis.
Immediate treatment of the latter might minimize the risk
of AVF failure [33, 38, 41]. We therefore recommend cen-
tralizing AVFs in children with a pediatric AVF multidisci-
plinary team comprising well-trained nurses, pediatric ne-
phrologist, specialized angiologist, interventional radiolo-
gist, and experienced microsurgeon. Such a team would
ensure creation of long-lasting distal AVF and early treat-
ment of complications.

In our study, the number of interventions performed after
initially successful AVF creation per year were similar to those
reported in the literature concerning older patients [30–38].
Stenosis and thrombosis were the most frequent late compli-
cations. It is remarkable that 30% of late thromboses occurred
at perioperative KT, implying that attention should be paid to
maintaining the patient in a good volemic state. Moreover, it is
worth noting that AVF flow rate was remarkably increased
after 3 years of follow-up. Surgical reduction of high-flow
proximal AVF remains a challenge, especially in younger chil-
dren [21, 22].

Despite the proven superiority of AVF in terms of morbid-
ity and life quality when compared with CVC, the latter re-
mains the most common choice for pediatric HD worldwide
[42]. The pediatric KT priority allocation policy, which dra-
matically decreased the waiting time to KT in the pediatric
population, is one reason CVC is the preferred vascular access
for HD [43, 44]. Nevertheless, AVF can be used even after KT,
as it is safe, easily accessible, and durable. This is highly
beneficial for younger children with fragile vascular capital.
Young transplanted children are more vulnerable to infections
or serious dehydration, imperiling kidney function; these con-
ditions necessitate repeated vein cannulation [45].
Furthermore, as children are transplanted at a young age, they
are suceptible to higher risk for acute allograft rejection or
even loss [46]. Therefore, maintaining their central and super-
ficial vein capital is primordial.

Delayed first AVF cannulation results in some centers pre-
ferring CVC as the first vascular access choice for HD.
However, the most common primary renal diseases, described
in our study, are the CAKUT and congenital nephrotic

Fig. 4 Arteriovenous fistula
(AVF) flow rates (ml/min per
1.73 m2) at 3 months and 1, 3, 6,
and 10 years of follow-up. Data
were available for 25 AVFs at
3 months, 26 at 1 year, 24 at
3 years, 22 at 6 years, and ten at
10 years of follow-up
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syndromes, which evolve slowly toward ESRD. In our study,
more than half the patients underwent a preemptive arteriove-
nous AVF procedure. Therefore, we recommend AVF as the
optimal option in younger children on HD, even in case of
prominent KT.

Time to first AVF cannulation has been reported from 6 to
12 weeks in children [47]. In our study, median maturation
time was 17.2 weeks and was not influenced by AVF locali-
zation and was shorter in patients aged ≥3 years (median
8.3 weeks). Hence, we propose that AVF, preferably placed
in the forearm, should be inserted 4– 5 months before expect-
ed manifestation of ESRD in younger children, although
2 months is probably enough for those aged ≥ 3 years. As
shown, one reintervention is probably essential to achieve
maturation.

In conclusion, AVF is feasible in young children, showing
an early failure rate at 12.5%. Time to maturation is longer
than in older children, but primary and secondary patency
rates are excellent. Therefore, we recommend that pediatric
HD centers establish a strategy supporting AVF creation in
young children when PD is contraindicated and pre-emptive
KT is not feasible.
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