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Dialysis Fistulae Patency and Preoperative Diameter
Ultrasound Measurements
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Background. This study was designed to investigate the possibility of defining a vascular diameter with a practical cut-off
point, which predicts a successful patency for radiocephalic arteriovenous fistulae in dialysis patients.
Methods. This is a retrospective analysis of prospectively gathered data. Consecutive patients (n¼ 148) with chronic renal
failure, needing vascular access for haemodialysis, were included if they underwent duplex ultrasound examination to
evaluate preoperatively the vascular status and diameters for radiocephalic arteriovenous fistulae (RCAVF) construction.
The associations between the diameter of the radial artery and cephalic vein and primary failure at six weeks, primary and
secondary patency at one year were investigated.
Results. There was no significant association between either radial artery diameter or dilated cephalic vein diameter and
primary failure. There was an association between radial artery diameter and primary patency (Overall P¼ 0.042). Males
had a significantly larger mean radial artery diameter than females (P¼ 0.005). Gender did not influence primary patency.
Conclusion. We recommend using radial artery diameters of �2.1 mm and �2.5 mm for RCAVF construction, this
diameter category having the highest patency at 1 year. A single cut-off guideline cannot be recommended.
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Introduction

Duplex ultrasound is recommended in the preopera-
tive strategy for placement of an arteriovenous hae-
modialysis fistula. Both the K-DOQI and European
guidelines recommend a primary radiocephalic arte-
riovenous fistula (RCAVF) for haemodialysis as best
practice. However, duplex ultrasound criteria of vas-
cular diameters predicting good outcome vary.1e3

Duplex ultrasound examination has been described
as a valid, accurate and useful diagnostic tool in the
evaluation of blood vessels of the upper extremities.
Duplex ultrasound examination has been compared
to angiography with respect to visualisation, detection
and quantification of stenotic lesions and occlusions
in both native arterial- and venous segments as well
as arteriovenous fistulae in upper extremities. From
the subclavian artery down to the distal lower arm
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arteries, a sensitivity of 90% and a specificity of 99%
have been reported. For the detection of vascular
alterations in access fistulae a sensitivity of 89% and
a specificity of 95% is reported.4 Blood vessels and
their diameters are assessed during preoperative
duplex ultrasound prior to construction of an auto-
genous RCAVF.5,6 The suggested minimum radial
artery diameter varies from 1.6 mm to 2.0 mm or
more and for the cephalic vein 1.7 mm to 2.5 mm or
more is advocated.3,5e9 Publications have suggested
that small artery and vein diameters may be responsi-
ble for primary failure.7,10,11 A recently published
meta-analysis described a mean primary failure rate
of 15.3% (6%e34%).10

The primary aim of this study was to explore
whether there was a significant association between
the pre-operative arterial and venous diameter values
determined by duplex ultrasound and the patency
and failure of RCAVFs. Another goal was to find an
optimal range of arterial and/or venous diameter
values for the successful construction of RCAVFs for
haemodialysis patients.
rved.

mailto:e.korten@sfg.nl
http://www.sciencedirect.com


468 E. Korten et al.
Subjects and Methods

Patients. The study group comprised 148 patients, 81
(55%) male and 67 (45%) female, with chronic renal
failure. The mean age at operation was 65 years (range
23-85). Diabetes Mellitus was present in 31% of the pa-
tients. 134 (91%) of the RCAVFs were created in the
left arm and 14 (9%) in the right arm. The arm of
choice was based on manual dexterity and the quality
of the vessels as a result of clinical and ultrasound
examination: preference was given to the least dexter-
ous arm.

Study design. A retrospective analysis of prospec-
tively gathered data, collected from January 2000 until
December 2003. 148 RCAVFs were created in this
four-year period. Outcome parameters were primary
failure, primary patency and secondary patency. The
follow-up for primary and secondary patency was
based at 1 year post-operatively. Duplex diameter
measurements of the radial artery and cephalic vein
were carried out at wrist level and were related to
the outcome parameters. Primary failure was defined
as thrombosis of the RCAVF or inadequate matura-
tion, which resulted in inadequate dialysis access at
6 weeks after surgery. Primary patency was defined
as the interval between the date of operation and
the first intervention irrespective whether this in-
volved surgery or percutaneous transluminal angio-
plasty (PTA). Secondary patency was defined as the
total interval between the date of operation and defi-
nite access failure. Interventions for access thrombosis
or other complications were admissable during this
period.3,10,11 A pneumatic cuff inflator (Hokanson
E20, Hokanson, Bellvue, USA) was used to accom-
plish maximal dilatation of the cephalic vein by
means of occlusion.

Duplex ultrasound examination. The vascular dia-
meters of the patient population were determined
preoperatively using duplex ultrasound performed
by experienced and registered vascular technologists.
A 10-5 MHz broadband transducer (Aloka, ProSound
SSD-5500, Aloka, Tokyo, Japan) and a 12-5 MHz broad-
band transducer (Philips HDI 5000, Philips, Eind-
hoven, The Netherlands) were used. Anter-posterior
internal diameter measurements of the radial artery
and cephalic vein were made in the transverse plane
in close proximity to the wrist.

Physical properties of arm arteries such as vascular
wall irregularities and calibres were examined as well
as haemodynamic properties, such as the doppler
waveform and the peak systolic velocities measured
using an angle correction of 60� or less. (Fig. 1) The ex-
amination started with the subclavian artery continu-
ing along the different arm branches terminating at
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the ulnar and radial artery at wrist level. In cases of
pathology such as a stenotic lesion or occlusion, alter-
native suitable locations were considered for the crea-
tion of an arteriovenous fistula.1e3 In accordance with
Gardner et al. patients were examined in a seated po-
sition with extended arm supported on a trolley at
heart level. The venous system was occluded using
a standard 10 cm cuff placed on the arm as proximal
as possible. The occlusion cuff was inflated to
80 mmHg, preventing venous outflow.12 Verification
of maximal venous dilatation during the proximal
venous occlusion was determined by ultrasound.

Once maximum venous dilatation was established,
the diameter was measured and noted (Fig. 2). Venous
compression was avoided by using ample ultrasound
gel between the transducer and skin surface. The

Fig. 1. Radial artery. Longitudinal plane with color-doppler
and pulsed-doppler. Peak systolic velocity: 52 cm/sec. The
bone structure in B-mode is used as an important landmark.

Fig. 2. Cephalic vein. Cross-section. The dilated internal
vein diameter is 4.3 mm, in this patient.
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complete venous system of the arm was examined
taking careful note of diameter variations, continuity
and branching. The superficial system was followed
from the wrist towards the diverse drainage points
in the deep system right up to the subclavian vein
as proximal as possible. In order to dismiss the possi-
bility of obstruction through thrombosis, ultrasound
compression of the vein was applied. Flow augmenta-
tion, during breathing and repetitive fist clenching,
was used in the attempt to detect significant central
venous lesions.

Surgical procedure. Regional or general anaesthesia
was used. A lengthwise incision, between the radial
artery and the cephalic vein, just proximal to the
wrist, allows for vein and artery preparation accord-
ing to the well known Brescia and Cimino technique,
developed in 1966.13 After intravenous injection of
5000 units of heparin, a sterile roll on cuff (Boazul;
Hammerplast Medical AB, Lidkoping, Sweden) was
used to exsanguinate the arm. The cephalic vein
then was clipped distally before being cut through
and guided towards the more ventral radial artery.
An end-to-side anastomosis was made using uninter-
rupted polypropylene 7.0 suturing (Prolene; Ethicon,
Johnson & Johnson, Amersfoort, The Netherlands),
with the end of the vein being cut diagonally and su-
tured into a length incision of the radial artery. After
the roll on cuff was removed the anastomosis was
checked for blood leakage. The presence of a thrill
or bruit, was confirmed by means of auscultation
with a sterile stethoscope in the operation room. The
skin wound was then closed using Ethilon 3.0.

Statistical analysis. SPSS 11.5 software for Windows
(SPSS Inc., Chicago, Illinois, USA) was used for statis-
tical analysis. Levene’s test was used to evaluate pri-
mary failure in relation to radial artery diameter and
cephalic vein diameter. The Chi-square test was
used to evaluate primary failure in relation to various
characteristics. The Kaplan-Meier life table analysis,
including the log rank test, was used to determine
the relationship between vascular diameters and other
factors regarding primary patency. Cox regression
was used to adjust for covariates. Differences were
considered to be significant at P� 0.05.

Results

The mode diameter of the radial artery was 2.0 mm
(Fig. 3). Mean radial artery diameter was 2.3 mm
(range 1.1e3.7, n¼ 139, 9 missing). Tertiles of radial
artery diameter (�2.0 mm (n¼ 50), �2.1 mm and
�2.5 mm (n¼ 47), and �2.6 mm (n¼ 42)) were used
for analysis. The mode diameter of the maximum
dilated cephalic vein was also 2.0 mm. Mean venous
diameter was 2.3 mm (range 0.7e5.9, n¼ 148). Tertiles
of dilated cephalic vein diameter (�1.9 mm (n¼ 47),
�2 mm and �2.6 mm (n¼ 56) and �2.7 mm (n¼ 48))
were used for analysis.

The primary failure rate was 11% (16/148). There
was no significant association between primary fail-
ure and either the radial artery diameter (n¼ 139,
P¼ 0.91) or the maximum dilated diameter of the
cephalic vein diameter (n¼ 148, P¼ 0.97).

Primary patency at 1 year was 57%. Kaplan Meier
curves revealed an association between the radial ar-
tery diameter and primary patency (Fig. 4, overall
P¼ 0.042). Pairwise analysis showed that the middle
tertile for radial artery diameter, group B (arterial
diameters� 2.1 mm and �2.5 mm), had better patency
than the two other groups, P¼ 0.016 versus group A
(diameters< 2 mm) and P¼ 0.043 versus group C
(diameters� 2.6 mm). There was no difference between
groups A and C (P¼ 0.83). There was no significant
association between primary patency and the maximal
dilated vein diameter (P¼ 0.96).

Secondary patency at 1 year was 76% with 75 inter-
ventions: 22 (29%) PTA and 53 (71%) surgical proce-
dures. Most of the RCAVFs treated by PTA (20, 91%)
and 30 (57%) of the fistulae treated surgically re-
mained patent at 1 year.

The diameter of the radial artery was significantly
larger in men versus women (P¼ 0.005), but no signif-
icant association was established between gender and
either the diameter of the cephalic vein (P¼ 0.238) or
primary patency (P¼ 0.197) (Table 1). Age and gender
did not influence primary patency. Only the diameter
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Fig. 3. Frequency distribution of radial artery diameters.
Diameters are grouped with an interval size of 0.25 mm.
Numbers along horizontal axis represent midpoint of these
intervals in mm.
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of the radial artery had a significant association with
primary patency (P¼ 0.037).

Discussion

The highest primary patency was observed in the
group with radial artery diameters� 2.1 mm and
�2.5 mm. A possible explanation for the observation
that larger radial artery diameters (>2.5 mm) were as-
sociated with a lower patency might be found in the
haemodynamic changes, which occur in RCAVFs. Na-
tive radial artery shows a high resistance duplex flow
pattern which is in the systolic phase a bi- or more
phasic doppler waveform (Fig. 1) and zero flow in
the diastolic phase. After surgery the radial artery
shows a low resistance duplex flow pattern, which
is a mono-phasic doppler waveform with a high end
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Fig. 4. Primary patency by tertiles of radial artery diameter:
Kaplan Meier curves. Curve A: �2.0 mm, B: �2.1 mm and
�2.5 mm, C: �2.6 mm (overall P¼ 0.042). Numbers at risk
are given below.

Table 1. Vascular diameters by gender

Report Radial artery
diameter

Cephalic vein
diameter

Male Mean 2.4 2.4
n 78 81
Std. deviation 0.5 1.0
Median 2.3 2.1
Minimum 1.4 0.7
Maximum 3.7 5.9

Female Mean 2.1 2.2
n 61 67
Std. deviation 0.5 0.7
Median 2 2.1
Minimum 1.1 0.8
Maximum 3.7 4.1
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diastolic velocity and an increased blood flow volume
compared to the native artery. These changes in hae-
modynamic properties seem to have an impact on
the endothelium of the artery. The role of endothelium
in vascular remodelling has been documented in ex-
perimental studies in large animals. Endothelial cells
appear to have the ability to react to tractive forces
on the endothelium and keep this within a physiolog-
ical range by remodelling. Radial artery diameter,
flow volume and wall shear stress were calculated
with color flow doppler ultrasound in vivo in humans,
before and after RCAVF creation by Remuzi et al.14

These authors found important increases after surgery.
For example: an arterial diameter increased from 2 mm
to 2.4 mm, a mean flow volume increased from
11.8 ml/min to 222.9 ml/min and the mean wall shear
stress increased from 6.8 dyn/cm2 to 73.5 dyn/cm2.
Another important point to be considered is the
maintenance of this wall shear stress during the entire
cardiac cycle. This may explain the higher patency
found for radial artery diameters range� 2.1 mm
and �2.5 mm. Therefore it can be postulated that the
physiological and haemodynamic components seem
to be the most favourable in this category. From our
results no guidelines for minimum radial artery dia-
meter can be made.

A recent meta-analysis by Rooijens et al. showed
a pooled estimated primary failure rate of 15% (95
CI: 13%e18%, with 95% of reported rates ranging
from 6% to 34%).10 Our primary failure rate was
11%, this was not significantly different for the mean
value of 15% in the meta-analysis, P¼ 0.10. Our pri-
mary and secondary patency rates, respectively 57%
and 76%, were comparable with the pooled estimated
primary and secondary patency rates of respectively
63% and 66%.10 Our findings differ from a recently
published randomised multicentre study in the
Netherlands where patients were randomized for con-
struction of a RCAVF or prosthetic forearm loop with
radial artery diameters between 1 and 2 mm, and/or
cephalic vein diameter� 1.6 mm.11 In the RCAVF cat-
egory, primary and secondary patencies were respec-
tively 33% and 52%.11 However, in our institution no
RCAVFs were constructed when a radial artery dia-
meter was �1 mm.

High primary failure rates are reported when pre-
operative duplex ultrasound is not performed before
dialysis fistula construction.5e7,15e17 However we
did not identify any associations between failure
and vascular diameter, perhaps because we assessed
maximum internal cephalic vein diameter during
pneumatic cuff occlusion. Similarly there was no asso-
ciation between cephalic vein diameter and primary
patency in our study, even though 43 (29%) of the



471Dialysis Fistulae Patency and Preoperative Diameter Ultrasound Measurements
148 patients with a RCAVF had a diameter vein value
of <2 mm. This shows that the surgeons did not apply
a preoperative venous diameter cut-off point and con-
curs with findings of Malovrh et al. who remarked
that the vein’s potential distensibility was more im-
portant than the diameter.9

Non-dilated venous diameters do not seem to
predict patency. The optimal value of distensibility
(warmth, pharmaceutical) should be further investi-
gated. Van Bemmelen et al. used warm water immer-
sion of the arm to further improve distensibility of the
arm veins.18 A prospective study may contribute to
further evidence-based standardisation of preopera-
tive duplex ultrasound screening in our hospital and
improve the outcome.
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