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Abstract

Background. The American Fistula First Breakthrough Initiative currently aims for a 66% arterio-
venous fistula (AVF) rate, while in the UK, best practice tariffs target AVF and arterio-venous graft
(AVG) rates of 85%. The present study aims to assess whether these goals can be achieved.
Methods. We conducted a retrospective cohort study on patients who initiated haemodialysis
from 1995 to 2006. Outcomes were the final failure-free survival of the first permanent access
and the type of second access created. Prevalent use rates for the access types were calculated
on the 1st January of each year for the second half of the study period.

Results. Two hundred and eleven out of 246 patients (86%) received an AVF, 16 (6%) an AVG and
19 (8%) a permanent catheter (PC) as the first permanent access. Eighty-six (35%) patients had
final failure of the primary access. One- and 3-year final failure-free survival rates were 73 and
65% for AVF compared with 40 and 20% for AVG and 62 and 0% for PC, respectively. In patients
with primary AVF, female sex {hazard ratio (HR) 2.20 [confidence interval (CI) 1.29-3.73]} and
vascular disease [HR 2.24 (CI 1.26-3.97)] were associated with a poorer outcome. A similar trend
was observed for autoimmune disease [HR 2.14 (CI 0.99-4.65)]. As second accesses AVF, AVG and
PC were created in 47% (n=40), 38% (n=33) and 15% (n=13). The median prevalent use rate
was 80.5% for AVF, 14% for AVG and 5.5% for PC.

Conclusions. The vascular access targets set by initiatives from the USA and UK are feasible in
unselected haemodialysis patients. High primary AVF rates, the superior survival rates of AVFs
even in patient groups at higher risk of access failure and the high rate of creation of secondary
AVFs contributed to these promising results.
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Introduction
different regions and countries. In 2002, the ‘Dialysis Out-

Almost 300000 patients in Europe and 1.5 million comes and Practice Patterns Study’ (DOPPS) found 80%

patients worldwide rely on a vascular access for chronic
haemodialysis [1, 2]. The ideal haemodialysis access
should fulfil three criteria. It should be long lasting,
provide an adequate blood flow and have a low rate of
associated complications [3]. Currently, three types of
vascular access are commonly used: native arterio-
venous fistulas (AVFs), synthetic arterio-venous grafts
(AVGs) and permanent tunnelled catheters (PCs).

While no access form perfectly fulfils all quality criteria,
the use of an AVF is unanimously recommended by inter-
national guidelines [4] because of higher patency rates
and fewer access-associated interventions. Despite these
guidelines, various studies have repeatedly found striking
differences in the types of vascular access used in

of the dialysis patients in Europe to have undergone
chronic haemodialysis via an AVF, while in the USA, the
majority (58%) of the patients were dialysed via an AVG
and only 24% were dialysed via an AVF [5]. The continu-
ous efforts of the American fistula first initiative have
since led to an increase in the AVF rate to 60% in the USA
[6]. Interestingly, wide variations in vascular access use
were even found within Europe, with AVF percentages
reaching from 67% (UK) to 90% (Italy) [5].

To improve AVF rates, the American Fistula First Break-
through Initiative currently aims for a 66% AVF rate in
haemodialysis patients [7], while the clinical practice
guidelines for vascular access for haemodialysis of the
UK Renal Association (5th edition, 2008-11) state that
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85% of all prevalent patients on haemodialysis should
receive dialysis via an arterio-venous fistula [8], and best
practice tariffs (BPT) are being implemented to target
definitive vascular access rates (the sum of AVF and AVG)
of 85% by 2013/2014 [9]. The feasibility of these perform-
ance goals has been controversially discussed [10]. We
therefore assessed whether these ambitious goals can be
achieved and maintained in an unselected cohort of inci-
dent haemodialysis patients.

Materials and methods

Study design and population

We conducted a retrospective cohort study which encom-
passed all patients receiving a first permanent vascular
access and initiating chronic haemodialysis (HD) at the
University Hospital Basel between January 1995 and the
end of June 2006. Overall, 269 patients entered the
chronic haemodialysis programme during the study
period. Patients transferring from another dialysis centre
(n=20) and patients for whom incomplete data sets
were available (n=3) were excluded. A total of 246
patients were eligible for the analysis. All access-related
surgical procedures were performed or supervised by a
dedicated board-certified vascular surgeon. Patients were
routinely dialysed in a haemodidfiltration post-dilution
modus with a blood flow of >300 mL/min for AVF or AVG.
Shunts were punctured with 16 G needles by experienced
nurses. A rope ladder rotation technique was applied and
anticoagulation was performed with low molecular he-
parins. Haemostasis after needle removal was performed
by manual compression and not by clamps in most
cases.

Data source

Since the beginning of the dialysis programme at the Uni-
versity Hospital Basel, all clinical data have been prospec-
tively and continuously collected in standardized flow
sheets and in medical records.

The diagnosis of glomerulonephritis or interstitial ne-
phropathy as the cause of end-stage renal disease was
histology-based (kidney biopsy or nephrectomy). In cases
of clinically suspected glomerulonephritis or interstitial
nephropathy but missing biopsy proof, the underlying
kidney pathology was grouped as ‘unknown’. Comorbid
conditions were confirmed by the abstractors based on
medical history, current medication and clinical testing at
the time of entry to chronic haemodialysis as described
previously [11]. In short, vascular disease was defined as
the presence of at least one of the following diagnoses:
coronary artery disease (CAD), peripheral arterial disease
(PAD) or cerebrovascular disease (CVD). The diagnosis of
active malignancy was based on a histological diagnosis.
The diagnosis of autoimmune disease (AID) was based
on the judgement of the ‘Interdisciplinary Vasculitis
Board’ of the University Hospital Basel.

Patients were grouped by their first permanent vascu-
lar access type. Access types were classified as follows:
AVF, AVG and PC. The date of creation of the first perma-
nent vascular access, the start of haemodialysis, the date
of any first complication which needed intervention and
the date of complete loss of the access site for dialysis
requiring creation of a new access were noted. Addition-
ally, the type of the second permanent vascular access
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was recorded. Vascular access-related complications in-
cluded thrombosis (occlusion), stenosis, aneurysm, steal
syndrome, infection and other reason for dysfunction,
e.g. insufficient access maturation or difficult anatomic
situation to ensure appropriate puncture. The cases of in-
appropriately recorded complications were classified as
‘unknown’. As a consequence of the study design which
was exclusively based on patients initiating haemodialy-
sis, prevalent use rates of the different access types were
recorded for the second half of the study period, ensuring
a stable and representative population of prevalent
patients. Concretely, the prevalent use rates of AVF, AVG
and PC, calculated by dividing the number of AVF, AVG
and PC in use by the number of patients reported, were
recorded on the 1st January each year from 2001 to
2006.

The study protocol was approved by the Institutional
Review Board and was carried out according to the prin-
ciples of the Declaration of Helsinki.

Endpoints and outcome

Main outcome measures were the final failure-free survi-
val of the first permanent access, the type of the second
vascular access created and the prevalent use rates of
the different access types. To avoid overestimation of
access survival by including unutilized accesses created
prior to haemodialysis, follow-up started with creation of
the primary permanent vascular access or the start of
chronic haemodialysis, whatever came last. Final failure-
free survival was defined as the time from the start of
follow-up to complete loss of the primary permanent
access site for dialysis (i.e. need for creation of a new
access). Additionally, complication-free survival, defined
as the time from the start of follow-up to the occurrence
of the first access-related complication requiring inter-
vention, and the type of the complication leading to the
intervention were assessed. Included were all events, re-
gardless of whether the event occurred after or prior to
the start of haemodialysis or within or after the access
maturation time. In patients who received an access
prior to haemodialysis and had an event prior to the start
of haemodialysis follow-up time to failure was defined as
zero to avoid the generation of negative follow-up time
(i.e. from the start of haemodialysis backwards to the oc-
currence of the event during the pre-haemodialysis
period). In survival analyses, reasons for censoring were
switch from haemodialysis to peritoneal dialysis or
kidney transplantation, loss to follow-up, death or the
end of the observational period.

Statistical analysis

The statistical analyses were performed using SPSS/PC
(IBM SPSS Statistics 19). A P-value of <0.05 was con-
sidered statistically significant, significance levels are
two-tailed, and confidence intervals (CI) are 95% CI.
Discrete variables were expressed as counts (%). In the
case of normal distribution, continuous variables were
expressed as mean *standard deviation. In the case of
not normally distributed variables, they were expressed
as median (range). The group comparisons were per-
formed with the Fisher exact test for categorical variables
and t-test for continuous variables if normally distributed
or the Mann-Whitney test if not normally distributed.
Access survival was analysed by the Cox regression
analysis. Cumulative survival was calculated using the
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Table 1. Patient characteristics and type of primary permanent vascular access®
Overall Male Female P-value
Number 246 138 (56) 108 (44)
Age (years) 65.3 [15.2-89.6] 63.6 [15.2-88.1] 65.9 [20.9-89.6] 0.7°
BMI 23.5[11.8-50.9] 24.1[16.7-50.9] 22.3[11.8-37.0] 0.004°
Diabetes mellitus 89 (36) 56 (41) 33 (31) 0.1¢
Type 1 10 (4) 4 (3) 6 (6) 0.3¢
Type 2 79 (32) 52 (38) 27 (25) 0.04¢
Vascular disease 122 (50) 70 (51) 52 (48) 0.7¢
CAD 69 (28) 44 (32) 25 (23) 0.2¢
PAD 70 (29) 39 (29) 31 (29) 1.0
CVvD 39 (16) 22 (16) 17 (16) 1.0¢
Malignancies 65 (27) 35 (26) 30 (28) 0.8¢
AID 19 (8) 8 (6) 11 (10) 0.2¢
Underlying kidney disease
Diabetes mellitus 45 (18) 28 (20) 17 (16) 0.4¢
ADPKD 23 (9) 11 (8) 12 (11) 0.5¢
Analgesic nephropathy 16 (7) 3(2) 13 (12) 0.003¢
Glomerulonephritis 29 (12) 18 (13) 11 (10) 0.6¢
Interstitial nephropathy 3 (1) 2(2) 1(1) 1.0¢
Vascular nephropathy 38 (15) 23 (17) 15 (14) 0.6¢
Other 63 (26) 40 (29) 23 (21) 0.2
Unknown 29 (12) 13 (9) 16 (15) 0.2¢
Type of vascular access
AVF 211 (86) 123 (89) 88 (82) 0.1°
AVG 16 (6) 6 (4) 10 (9) 0.2¢
PC 19 (8) 9(7) 10 (9) 0.5¢

“Data are displayed as counts (%) or median [range]. Vascular disease: including all patients suffering from at least one subgroup of CAD, PAD or CVD.
CAD, coronary artery disease; PAD, peripheral arterial disease; CVD, cerebrovascular disease; AID, autoimmune disease; ADPKD, autosomal dominant
Eolycystic kidney disease; AVF, native arterio-venous fistula; AVG, arterio-venous graft; PC, permanent catheter.

Mann-Whitney test.
‘Fisher’s exact test.

4Among others primary focal segmental glomerulosclerosis (n=13), nephrectomy due to renal cell carcinoma (n =7), atheroembolic renal disease (n=
4), amyloidosis (n =4), multiple myeloma (n =4) and reflux nephropathy (n = 4).

Kaplan-Meier analysis and differences were evaluated by
log-rank statistics. To address the limitations of the data
due to a decreasing number of patients in long-term
follow-up, the Cox regression and survival analyses were
modelled with a follow-up period of 4 years.

Results

Patient characteristics

Baseline characteristics of the population are summar-
ized in Table 1. The patients’ age ranged from 15 to 90
years (median 65.3). Overall, body mass index (BMI) was
significantly higher in male than female patients (P=
0.004). While significantly more women (14%, n=15)
than men (4%, n=5) suffered from underweight (BMI<
18.5) (P=0.004), there was no significant difference in
gender regarding overweight (P=0.06) and obesity (P=
0.4). Fifty per cent (n=122) of the patients suffered
either from CAD, PAD and/or CVD. Diabetes mellitus type
2 was more common in men than in women (P=0.04).
While the distribution of diabetic nephropathy did not
differ significantly (P=0.4), analgesic nephropathy was
more common in women than in men (P=0.003). No
differences in the primary vascular access type existed
between men and women (Table 1). There were no sig-
nificant differences in patient characteristics when strati-
fied by the type of access (data not shown).

Follow-up and patients outcome

During the observational period, the median time on HD
was 1.7 years (range 0.0-10.5 years). At the end of the

Table 2. Type of primary and secondary permanent vascular access

Primary Needing second

Type of vascular access, n= access, 86/246 Type of second

access 246 (%) (35%) access

Native arterio- 211 (86) 67/211 (32) AVF: 36/67(54)

venous fistula AVG: 24/67 (36)

(AVF) PC: 7/67 (10)

Arterio-venous 16 (6) 12/16 (75) AVF: 2/12 (17)

graft (AVG) AVG: 8/12 (66)
PC: 2/12 (17)

Permanent 19 (8) 7119 (37) AVF: 2/7 (29)

catheter (PC) AVG: 1/7 (14)

PC: 4/7 (57)

Data are displayed as counts (%).

observational period, 85 (35%) of 246 patients were still
on haemodialysis, 23 (9%) received a living and 39 (16%)
a deceased donor kidney transplantation. Three patients
(1%) were transferred to peritoneal dialysis, 2 (1%) re-
gained kidney function, 87 (35%) patients died and 7
(3%) were lost to follow-up.

Incidence of the primary permanent vascular access

In 211 patients (86%), the first permanent vascular
access was a native AVF, in 16 patients (6%) an AVG and
in 19 patients (8%) a PC (Table 2). In nine patients (seven
males and two females; 48%), PC was created as a brid-
ging vascular access to living donor kidney transplan-
tation and in one female patient (5%) to peritoneal
dialysis. Two male and two female patients (21%) re-
ceived a PC due to a short expected survival and five
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Fig. 1. (a) Overall final failure-free survival of the first permanent vascular access over time, (b) overall final failure-free survival, stratified by the type of
vascular access, (c) final failure-free survival of AVF, stratified by gender and vascular disease and (d) final failure-free survival of AVF, stratified by AID.
AVF, native arterio-venous fistulas; AVG, arterio-venous graft; PC, permanent catheter; VD, vascular disease; AID, autoimmune disease. P-values (log-
rank test) between subgroups in (b): AVF versus AVG: P < 0.001; AVF versus PC: P=0.055; AVG versus PC: P =0.8; AVF versus AVG and PC: P<0.001.

Table 3. Cox’s regression of time to final failure of the primary permanent vascular access

Overall (n=246)

AVF only (n=211)

Overall (n=246) univariate multivariate AVF only (n=211) univariate multivariate

HR (CI) P-value HR (CI) P-value HR (CI) P-value HR (CI) P-value
Female 2.13 (1.36-3.35) 0.001 1.98 (1.23-3.19) 0.005 2.08 (1.25-3.46) 0.005 2.20 (1.29-3.73) 0.004
Age 1.01 (0.99-1.03) 0.3 1.00 (0.98-1.02) 0.8 1.00 (0.98-1.02) 0.8 0.99 (0.97-1.01) 0.3
BMI 0.99 (0.94-1.04) 0.6 1.00 (0.95-1.05) 0.9 0.99 (0.93-1.04) 0.6 0.99 (0.93-1.04) 0.6
DM 1.31 (0.84-2.05) 0.2 1.37 (0.83-2.25) 0.2 1.52 (0.91-2.52) 0.1 1.50 (0.85-2.66) 0.2
Vascular disease 2.22 (1.38-3.57) 0.001 2.32(1.39-3.89) 0.001 2.07 (1.21-3.54) 0.008 2.24 (1.26-3.97) 0.006
AID 1.76 (0.90-3.41) 0.1 1.93 (0.95-3.92) 0.07 2.01 (0.95-4.23) 0.07 2.14 (0.99-4.65) 0.06
Malignoma 1.67 (1.04-2.66) 0.032 1.54 (0.93-2.57) 0.09 1.40 (0.80-2.43) 0.2 1.65 (0.92-2.96) 0.09
AVF 1.00 1.00
AVG 3.14 (1.64-6.01) 0.001 2.52 (1.29-4.92) 0.007
PC 2.22 (1.00-4.91) 0.050 1.95 (0.85-4.45) 0.1

Follow-up cut at 4 years, events overall: 78, events AVF: 60. BMI, body mass index; DM, diabetes mellitus; AID, autoimmune disease; AVF, native arterio-

venous fistula; AVG, arterio-venous graft; PC, permanent catheter.

patients (all female; 26%) due to a difficult vascular
situation.

Final failure of the primary permanent vascular access

Overall, 86 (35%) patients experienced final failure of the
first permanent access. In eight patients (all AVF), final
failure occurred before the start of haemodialysis. One-
and 3-year final failure-free survival rates were 72 and
62%, respectively (Figure 1a). Stratified by the access
type, survival differed significantly between the groups
(P<0.001). One- and 3-year final failure-free survival

rates were 75 and 67% for AVF compared with 39 and
20% for AVG and 53 and 0% for PC, respectively
(Figure 1b). In multivariable Cox’s regression analysis,
female gender [hazard ratio (HR) 1.98 (CI 1.23-3.19), P=
0.005], a history of vascular disease [HR 2.32 (CI 1.39-
3.89), P=0.001] and the use of AVG [HR 2.52 (CI 1.29-
4.92), P=0.007] were independent risk factors for final
access failure (Table 3). In the subgroup of patients with
a primary AVF, female sex [HR 2.20 (CI 1.29-3.73), P=
0.004] and vascular disease [HR 2.24 (CI 1.26-3.97), P=
0.006] were associated with a poorer outcome; a similar
trend was seen for AID [HR 2.14 (CI 0.99-4.65), P=0.06]
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(Table 3). Figure 1c shows the final failure-free access sur-
vival in patients with AVF. Stratified by gender and vascu-
lar disease, final failure-free survival differed significantly
between the groups (P<0.001). One- and 3-year final
failure-free survival rates were 75 and 69% versus 87 and
82% for men with versus without vascular disease, and
57 and 40 versus 77 and 71% for women with and
without vascular disease (Figure 1c). Figure 1d shows the
final failure in patients with AVF stratified by AID (P=
0.06).

First complication of the primary permanent vascular
access

Overall, 133 patients (54%) experienced at least one
vascular access-related complication during the observa-
tional period. Thrombosis (n=50, 38%) and stenosis

Table 4. First complication of the primary permanent vascular access

Complication (n) 133 (100%)
Thrombosis 50 (38)
Stenosis 43 (32)
Aneurysm 2(2)
Infection 2(2)
Others® 18 (13)
Unknown 18 (13)

“Among others steal syndrome and insufficient access maturation.
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(n=43, 32%) were the most common primary compli-
cations (Table 4). In 13 patients (AVF in 12 patients and
PC in 1 patient), a complication occurred before the start
of haemodialysis. One- and 3-year complication-free sur-
vival rates were 54 and 37%, respectively (Figure 2a).
Stratified by the access type, the median complication-
free survival differed significantly between the groups (P
=0.001). One- and 3-year complication-free survival rates
were 57 and 41% for AVF compared with 15 and 0% for
AVG and 46 and 0% for PC, respectively (Figure 2b). In
Cox’s regression analysis, female gender [HR 1.45 (CI
1.00-2.08), P=0.048], a history of vascular disease [HR
1.55 (CI 1.05-2.30), P=0.03], AID [HR 1.81 (CI 1.02-3.23),
P=0.04] and the use of an AVG [HR 2.37 (CI 1.33-4.22), P
=0.003] were all associated with an increased risk of
access-related complications (Table 5). When restricting
the analysis to patients receiving an AVF as the primary
access, vascular disease [HR 1.69 (CI 1.10-2.60), P=0.02]
and AID [HR 2.00 (CI 1.06-3.75), P=0.03] remained inde-
pendently associated with a poor prognosis. One- and 3-
year complication-free survival rates were 53 and 33%
versus 62 and 49% with and without vascular disease
(Figure 2c), and 41 and 16 versus 59 and 44% with and
without AID (Figure 2d), respectively.

Type of the second permanent vascular access

The rate of patients needing a second vascular access
was 32% for patients primarily dialysed by AVF, 75% by
AVG and 37% by PC (Table 2). After the exclusion of
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Fig. 2. (a) Overall complication-free survival of the first permanent vascular access over time, (b) Overall complication-free survival, stratified by the
type of vascular access, (c) complication-free survival of AVF, stratified by vascular disease and (d) complication-free survival of AVF, stratified by AID.
AVF, native arterio-venous fistula; AVG, arterio-venous graft; PC, permanent catheter; VD, vascular disease; AID, autoimmune disease. P-values (log-rank
test) between subgroups in (b): AVF versus AVG: P <0.001; AVF versus PC: P=0.1; AVG versus PC: P =0.4; AVF versus AVG and PC: P=0.001.
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Table 5. Cox’s regression of time to first complication of primary permanent vascular access

Overall (n=246) AVF only (n=211)

Overall (n=246) univariate multivariate AVF only (n=211) univariate multivariate

HR (CI) P-value HR (CI) P-value HR (CI) P-value HR (CI) P-value
Female 1.57 (1.11-2.22) 0.01 1.45 (1.00-2.08) 0.048 1.40 (0.95-2.05) 0.09 1.37 (0.92-2.05) 0.1
Age 1.00 (0.99-1.01) 0.9 0.99 (0.98-1.01) 0.3 1.00 (0.98-1.01) 0.7 0.99 (0.97-1.00) 0.1
BMI 1.01 (0.97-1.04) 0.7 1.01 (0.98-1.05) 0.6 1.01 (0.97-1.05) 0.6 1.01 (0.97-1.05) 0.8
DM 1.14 (0.80-1.63) 0.5 1.16 (0.79-1.70) 0.5 1.21 (0.82-1.78) 0.3 1.15 (0.75-1.77) 0.5
Vascular disease 1.49 (1.05-2.11) 0.03 1.55 (1.05-2.30) 0.03 1.54 (1.04-2.27) 0.03 1.69 (1.10-2.60) 0.02
AID 1.80 (1.05-3.08) 0.03 1.81 (1.02-3.23) 0.04 1.90 (1.04-3.48) 0.04 2.00 (1.06-3.75) 0.03
Malignoma 1.40 (0.95-2.04) 0.1 1.40 (0.93-2.11) 0.1 1.32 (0.86-2.02) 0.2 1.48 (0.94-2.33) 0.1
AVF 1.00 1.00
AVG 2.68 (1.52-4.73) 0.001 2.37 (1.33-4.22) 0.003
PC 1.69 (0.85-3.37) 0.1 1.49 (0.73-3.03) 0.3

Follow-up cut at &4 years; overall: 128 events, AVF: 105 events. BMI, body mass index; DM, diabetes mellitus; AID, autoimmune disease; AVF, native

arterio-venous fistula; AVG, arterio-venous graft; PC, permanent catheter.

patients waiting for a living donor kidney transplant or to
the start of peritoneal dialysis, the need for second
access was 66% in patients treated primarily by PC.
Overall, as second access, AVF, AVG and PC were created
in 47% (n=40), 38% (n=33) and 15% (n=13). An AVF as
second access was created in 54% (n=36) and 17% (n=
2) of the patients primarily dialysed by AVF and AVG,
respectively (Table 2). Two (29%) of the patients primarily
dialysed by PC received an AVF as second access, one
female with advanced cancer disease and unexpected
long survival and one male with advanced cancer
disease and catheter sepsis (Table 2).

Prevalent use rates of AVF, AVG and PC

The prevalent use rates for AVF, AVG and PC are summar-
ized in Table 6. At the reference day, a median of 67
patients (range 49-84) were on haemodialysis and the
median time on haemodialysis was 1.92 years (range
1.51-2.15). Except at the reference day in 2004, the
median time on haemodialysis did not significantly differ
between patients treated by AVF, AVG or PC and was
overall in the range of 1.39-2.10 years. The median
prevalent use rates over 6 years were 80.5% (range 75-
86%) for AVF, 14% (range 10-19%) for AVG and 5.5%
(range 2-8%) for PC (Table 6). There was a trend towards
a lower AVF prevalent use rate in women compared with
men (range 66-74 versus 79-93%). Consequently, AVG
and PC rates tended to be higher in female patients.
These differences were consistent over time but did not
reach the pre-defined 5% significance level (Table 7).

Discussion

This study investigated the feasibility of the ambitious
AVF targets proposed by the Fistula First Breakthrough
Initiative and the UK BPT. We found a primary AVF rate of
86% and an average AVF long-term prevalent use rate of
over 80%. The final failure-free survival rates for AVF were
significantly higher than for AVG and PC. The rationale to
promote AVF use in haemodialysis patients is compelling.
AVFs have been shown to allow safe and adequate dialy-
sis, to require fewer salvage interventions, provide better
patency rates and to be associated with lower mortality
than AVGs or PCs [12-14]. Recently, the creation of an
AVF has even been suggested to be associated with ben-
eficial cardiovascular effects, by decreasing arterial

stiffness and blood pressure and increasing left ventricu-
lar ejection fraction [15]. Furthermore, these medical
benefits come with significant economic advantages: The
US Renal Data System showed the 1-year use of an AVF
to be almost 20 000 US dollars cheaper than the 1 year
use of a PC [16]. However, various reports have suggested
demographic factors such as old age [17], female gender
[18] and obesity [19, 20] to be associated with decreased
AVF survival and have called for a re-appraisal of the AVF
targets in these patient groups.

Our findings extend these previous studies by estab-
lishing vascular disease, AID and female gender as well
as the use of a non-AVF access as the most important in-
dependent risk factors for primary vascular access com-
plications and final failure. The risk factors for AVF
complications and final failure were similar to those ob-
served in the overall study population. The prognostic
importance of vascular disease and female gender is at
least partially triggered by their effects on vessel and
lumen size. The importance of vessel size for adequate
AVF maturation and adequacy was highlighted in a study
by Wong et al. [21] that showed that fistulas constructed
from veins or arteries <1.6 mm consistently failed to
mature. Consequently, Silva et al. [22] were able to reach
the primary AVF patency rates of 83% by increasing
minimum vessel sizes to 2.0 mm for the artery and 2.5
mm for the vein. In agreement with these observations,
AVFs placed on the lower arm without pre-surgical vascu-
lar mapping were shown to carry an especially bad prog-
nosis in females, while upper arm AVFs faired equally well
in both genders [23]. Therefore, pre-surgical vascular
mapping to optimize vessel selection for fistula formation
appears to be especially important in women. However,
recent results by Miller et al. [18] suggest that despite
pre-surgical vascular mapping and equal vascular diam-
eters in adequate and failing fistulas, female patients
were more likely to suffer from technical failure and early
AVF thrombosis. The mechanisms behind the gender
difference in prognosis not attributable to vessel size are
currently not fully understood. The increased risk of final
vascular access failure in women translated into a trend
towards a lower long-term prevalent AVF use rate in
female patients. However, the AVF survival rates for
women and patients with known vascular diseases in this
study were still considerably longer than the survival
period observed for AVGs and PCs.

The importance of AIDs for vascular access compli-
cations and final failure observed in this study is most



Table 6. Prevalent use rates of permanent vascular access types over 6 years®

Overall AVF AVG PC b
Reference P-value
date n Time on HD n (%) Time on HD n (%) Time on HD n (%) Time on HD
1.1.2001 49 1.60 [0.03-5.67] 42 (86) 1.28 [0.05-5.67] 5(10) 1.91 [0.03-4.90] 2 (4) 2.42[1.62-3.21] 0.5
1.1.2002 61 1.51 [0.10-6.04] 50 (82) 1.42 [0.10-6.04] 8(13) 2.28 [0.79-5.90] 3(5) 0.66 [0.16-4.21] 0.3
1.1.2003 63 1.91°[0.05-7.04] 50 (79) 1.92°[0.05-7.04] 12 (19) 0.85 [0.08-6.90] 1(2) 5.21[5.21-5.21] 0.2
1.1.2004 71 1.92°[0.04-8.67] 53 (75) 2.44° [0.04-8.67] 13 (18) 1.57 [0.14-7.90] 5(7) 0.35 [0.04-0.87] 0.01
1.1.2005 78 2.15°[0.11-9.67] 60 (77) 2.07°[0.11-9.67] 12 (15) 3.39°[0.24-8.90] 6 (8) 2.12 [1.14-5.61] 0.7
1.1.2006 84 2.02°[0.03-9.84] 69 (82) 2.02°[0.03-9.84] 10 (12) 3.65°[0.13-7.55] 5(6) 0.51 [0.04-3.36] 0.1
2001-06 67 [49-84] 1.92 [1.51-2.15] 80.5% [75-86] 1.97 [1.28-2.44] 14% [10-19] 2.09 [0.85-3.65] 5.5% [2-8] 1.39[0.35-5.21]

“Data are displayed as counts (%) or median [range].

bP-value of difference in median time on dialysis between groups (Kruskal-Wallis test). Reference date: prevalent use rates were recorded at each 1 January from 2001 to 2006 for the second half of the

study period.

“Patients with >1 year interruption of HD due to transplantation were excluded from the analysis of time on HD: 2003: 1 AVF; 2004: 1 AVF; 2005: 2 AVF, 2 AVG; 2006: 3 AVF, 1 AVG. AVF, native arterio-venous fistula;
AVG, arterio-venous graft; PC, permanent catheter.

Table 7. Prevalent use rates of permanent vascular access types over 6 years by gender®

Overall AVF AVG PC
Reference date Male (n) Female (n) Male, n (%) Female, n (%) Male, n (%) Female, n (%) Male, n (%) Female, n (%) P-value
1.1.2001 30 19 28 (93) 14 (74) 2(7) 3 (16) 0 2 (10) 0.1
1.1.2002 35 26 32 (91) 18 (69) 2 (6) 6 (23) 1(3) 2(8) 0.06
1.1.2003 36 27 32 (89) 18 (67) 4(11) 8 (29) 0 1(4) 0.07
1.1.2004 38 33 29 (76) 24 (73) 6 (16) 7 (21) 3(8) 2 (6) 0.9
1.1.2005 43 35 37 (86) 23 (66) 5(12) 7 (20) 1(2) 5 (14) 0.07
1.1.2006 51 33 45 (88) 24 (73) 5(10) 5 (15) 1(2) 4(12) 0.1
2001-2006 37 [30-51] 30 [19-35] 88.5% [76-93] 71% [66-74] 10.5% [6-16] 20.5% [15-29] 2% [0-8] 9% [4-14]

“Data are displayed as counts (%) and median [range], P-value of difference between male and female (Fisher’s exact test). Reference date: prevalent use rates were recorded at each 1st January from 2001 to

2006 for the second half of the study period. AVF, native arterio-venous fistula; AVG, arterio-venous graft; PC, permanent catheter.
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likely caused by a hypercoagulability state induced by
these diseases. For example, thrombotic events are re-
cognized as an important complication of Wegener’s
granulomatosis and patients with systemic lupus erythe-
matodes are more likely to suffer vascular access throm-
boses [24]. Again, AVF survival rates in patients with AID
were still considerably higher than survival rates observed
for AVGs and PCs.

There are conflicting data in the literature concerning
the effect of age [17, 25] and obesity [19, 26, 27] on
vascular access outcomes. We found neither factor to
negatively impact outcome in this non-selected patient
cohort [5].

In our cohort, primary AVF creation in association with
a high secondary AVF rate led to prevalent AVF and non-
PC use rates persistently over those targeted by the
Fistula First Breakthrough Initiative and the UK BPT [7, 8].
However, the range of prevalent AVF use rates of 75-86%
indicates that the AVF percentage of 85% targeted by the
UK clinical practice guidelines probably represents the
upper limit of what is achievable overall and might not
be achievable in this subgroup of female patients.

Our study is limited by its retrospective, single-centre
design and the relatively small number of patients enrolled.
However, all data were collected prospectively at the time
of dialysis, and baseline characteristics and mortality rates
were similar to those observed in other dialysis studies as
well as the European Renal Association Annual Report.
Further, we did not analyse surrogate markers with respect
to haemodialysis quality in relation to the access type.

In conclusion, the vascular access targets set by the
Fistula First Breakthrough Initiative and the UK BPT are
feasible and sustainable in unselected haemodialysis
patients. In this cohort, high primary AVF rates, the superior
survival rates of AVFs even in patient groups at higher risk
for access complications and failure (e.g. women, history of
vascular or AID) and the high rate of creation of secondary
AVFs contributed to these promising results.
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