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REVIEW

Preoperative ultrasound still valuable for radio-cephalic
arteriovenous fistula creation?
Jernej Pajek, Marko Malovrh
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ABSTRACT
Radio-cephalic arteriovenous fistula is a prototype hemodialysis access with small incidences of infection and
distal ischemia, it spares proximal veins for future access use and it helps in the maturation of veins that may
be used for more proximal access creations. This access type is prone to higher early failure rates compared to
more proximal fistulas and there are unsolved uncertainties regarding exact ultrasound parameters predictive of
fistula outcome. Evolution of ultrasound use has yielded several functional parameters that can be measured in
addition to anatomical lumen sizes, which remain core parameters on which the decision to construct fistula in
radio-cephalic forearm position is based. We propose to use arterial hyperemic response and wall morphology
to aid in this decision when radial artery diameter falls in the interval with predictive uncertainty of 1.6-1.9 mm
and to use venous flow pattern, respiratory variation, radial artery status and possibly venous distensibility when
cephalic vein augmented diameter lies in the borderline interval of 2-2.4 mm. Ultrasound preoperative mapping
and planning should be followed by expert surgical technique and several technique modifications of the classical
end-to-side approach are possible to enhance operation outcome and diminish the incidence of stenosis most
often present at juxta-anastomotic location. In our experience radio-cephalic arteriovenous fistula remains the
golden standard for hemodialysis access and preoperative ultrasound the single best imaging modality to plan
the operation and predict its success.
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Introduction
Radio-cephalic arteriovenous fistula (RCAVF) creation
proposed first by Brescia et al in 1966 was a ground-breaking
technique that revolutionized vascular access creation and
use (1). Today, many practicing nephrologists know that a
well-matured and functioning RCAVF represents a precious
access that may enable successful dialysis for more than
30 years (2). Unfortunately, RCAVFs suffer from high incidence of primary failure (pooled estimate of 15.3%) and a
relatively poor long-term patency (i.e., pooled primary and
secondary patencies at 1 year of 63% and 66%, respectively)
(3). The success of RCAVF creation is hampered by the fact
that the median age and comorbidity level of dialysis patients
is on the rise. This is perhaps the main cause of observed
tendency towards a higher primary failure rate of these
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fistulas constructed after 1991, since the average quality of
vessels forming fistula circuit deteriorated (3). An additional
factor may be a guideline supported drive to place arteriovenous (AV) access as distal as possible (4) and wrist RCAVF
is the first option for access creation even in patients with
diabetes and arteriosclerosis where risks of failure are larger.
Therefore, techniques to improve the success rate of RCAVF
are needed and ultrasound-guided preoperative mapping has
emerged as a very useful technique for this purpose.

Evolution of ultrasound use in preoperative mapping
Identification of vessel anatomical location, patency, diameter and assessment of their ability to dilate and provide
beneficial outward remodeling during access maturation may
all be accomplished by the use of preoperative duplex ultrasound. In the 1990s, the problems with securing functional
AVFs became increasingly apparent, a trend that paralleled
the increase in incidence of end-stage renal disease, the
prevalence of diabetes mellitus as the primary renal disease
and increasing median age of dialysis patients (5, 6). At first,
the most straightforward ability of ultrasound to identify and
localize suitable veins was utilized. In our cohort of 116 access patients, suitable veins for AVF construction could only
be found in 47% of patients by clinical examination; usage of
duplex sonography helped to establish the presence of suitable veins in further 41% of patients thus leaving only 12%
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patients who required venography (7). Similarly, Wong et al
have shown that the proportion of correct predictions for AVF
postoperative function was improved by the ultrasound assessment of veins from 67% to 83% of cases (8). Investigator
performing venous mapping should look beyond mere location, patency and diameter and also check venous distensibility (9), Doppler waveforms with respiratory variation and
predicted suitability for cannulation (10). The ultimate goal
of this effort is to find venous segment with predicted postmaturation length of optimally at least 10 cm, post-maturation
width of at least 5-6 mm and less than 6 mm deep to accommodate repetitive needle placement (11).
In a more recent study, a simple measure of venous distensibility with absolute diameter increase above 0.4 mm after
2-minute tourniquet placement performed as the strongest
predictive criterion for RCAVF success in a multivariate model
adjusted for radial artery (RA) and cephalic vein (CV) diameter (12). This ultrasound-derived cut-off measure to predict
RCAVF success was close to 0.35 mm threshold for venous
diameter increase found with a venography study of forearm
CVs (13). Probably, strong association of fistula creation success with venous distensibility in terms of absolute diameter
increase was present due to dependence of this parameter
not only on elastic properties of venous wall but also due to
correlation with the absolute baseline diameter of CV. Our
experience with relative venous diameter increase has shown
a significant difference in increase of 48% and 11.8% in the
groups with and without functioning RCAVF within 24 hours
after construction (7). It must however be acknowledged that
ultrasound measurement of non-augmented forearm venous
diameters has been criticized as it suffers from low reproducibility (14). Supine patient position, stable ambient conditions (comfort warm temperature), application of warm gel
and care to insonate veins without distorting them with the
probe are crucial technical conditions to secure reliable diameter measurements and best reproducibility (15). So in our
practice isolated non-augmented diameters are not used as
a single venous criterion for decisions about access creation.
A method to provoke venous congestion – a pressure cuff or
tourniquet application showed no significant difference in
augmented CV diameters and both methods may be used for
proximal venous compression (16).
In the period of 1996 to 1998, studies evaluating radial
arterial parameters began to emerge (8, 17, 18). At first the
emphasis was put on artery diameter, later on other noninvasive parameters like reaction to reactive hyperemia (7, 19,
20), intima-media thickness (21), and the burden of calcifications (wall morphology) were increasingly taken into consideration. Blood flow estimates in a small caliber RA are often
inaccurate using ultrasound techniques, so the suitability of
RA should be judged predominantly by other aforementioned
parameters (22). Narrow and calcified RA with thickened wall
and no significant reactive hyperemia response cannot be
expected to undergo proper dilatation during access maturation, neither provide adequate inflow for hemodialysis
circuit.
A practical approach is to first define the radial arterial
outline with color Doppler and further assess segments with
abnormal color Doppler with B-mode and spectral Doppler;
loss of signal either in color Doppler or B-mode helps to iden-
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tify areas of calcification (Fig. 1) (22, 23). Hyperemic response
of RA is provoked after release of a 2-3-minute long ischemia
induced by clenching a fist. A normal response is a change
in the Doppler spectral waveform from triphasic high-resistance to monophasic low-resistance shape, increase in the
peak velocity and a fall in the resistance index (RI). RI change
may be less prone to error than velocity increase assessment
because it is less dependent on the Doppler angle. We have
shown that a fall of RI below 0.7 at hyperemic response predicted greater success (95% vs. 35%) of RCAVF operation (7).
Others have provided similar information by measuring hyperemic changes in peak velocity (19) or found usefulness of
this hyperemic peak velocity change at least for females (20).
Although functional parameters like this are valuable adjunct
in arterial and venous evaluation, morphological information
of vessel diameter may still be regarded as the key parameter
in preoperative planning. Here, ongoing controversies about
the optimal diameter cut-off values persist and yield some
uncertainty in the preoperative decision-making process.

Decision-making controversies – vessel diameters,
surgical techniques and beyond
In early studies, a minimal arterial diameter as low as 1.51.6 mm was found to be predictive of fistula success (8, 18).
Others have reported increased success of autogenous fistula
placement and reduced utilization of grafts and catheters
through application of minimal ultrasound criteria for artery
diameter of 2.0 mm (17). Later on, numerous additional studies on the subject emerged (24-27) and a recent systematic
review suggested that the optimal RA diameter for construction of RCAVF should be at least 2 mm to predict successful
maturation and primary patency (28). Attempts to construct
RCAVF with RA diameters of 1.5 mm or below are not recommended. In the “grey zone” of RA diameters 1.6-1.9, mm we
do not automatically discard the option to use RA but rely
on functional parameters especially the reduction of RI and
vessel dilatation in hyperemic response supplemented with
B-mode impression about the vessel wall morphology. If
there is no significant hyperemic RI decrement, a more proximal point for AVF is sought (values below 0.7 in hyperemic
response are considered optimal, but RI below 0.8 still acceptable). When the decision concerning RA suitability is
doubtful, we look at venous mapping results and often decide
for the RCAVF formation attempt when there is a large, distensible CV present with normal Doppler venous waveform
and well established phenomena of respiratory filling.
Criteria for venous size as a predictor of RCAVF outcome
fluctuated even more than RA diameter cut-offs across published studies. Minimal CV internal diameters associated with
RCAVF outcomes in the range of 1.6-2.6 mm were reported
(7, 8, 17, 29, 30). As mentioned above, imaging of veins in
either neutral or augmented state adds variability to reported
threshold values and studies considered in systematic review
did not report this aspect of methodology uniformly (28). CV
diameter (non-augmented) of at least 2 mm was proposed as
the optimal cut-off value for maturation and primary patency
outcomes and similar to arterial data usage of veins below
1.5 mm was not advocated (28). In our current practice, we
prefer to measure tourniquet augmented venous diameters
© 2017 Wichtig Publishing
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Fig. 1 - Calcified radial artery examples in two patients. Panel A: color Doppler radial artery (RA) image of patient 1; (a) note the loss of Doppler signal in areas of calcifications, the internal diameter of RA was 1.95 mm; (b) distal shadowing behind the areas of calcifications. Panel
B: pulsed Doppler velocity of blood in patient 1 at hyperemic response, the resistance index (RI) of 0.9 was suboptimal but the decision to
establish the fistula at this position was made due to excellent vein status (augmented cephalic vein diameter of 4.2 mm). Panel C: B-mode
image of large (diameter 2.65 mm) calcified radial artery in patient 2; (b) note prominent distal shadowing behind areas of wall calcifications. Panel D: a significantly better hyperemic response with lower RI of 0.78 in patient 2.

and consider 2.5 mm or more as suitable for RCAVF creation
(Fig. 2). We regard augmented diameters below 2.0 mm as
insufficient except if RA is of very good quality and venous
diameter is close to this threshold. In situations with augmented CV diameters of 2.0-2.4 mm, we meticulously inspect
Doppler flow pattern, velocity, respiratory flow variation and
the status of RA to reach the final decision.
Besides ultrasound-derived parameters, surgical expertise
crucially impacts early failure rates. Many tips and tricks for
technique improvement may be used (31, 32). A typical problem associated with surgical technique is the emergence of
juxta-anastomotic stenosis in the mobilized “swing” segment
of CV, a situation responsible for majority of cases of stenosisassociated AVF dysfunction (33). Computational simulations
have shown that manipulation of venous stump to reach relatively small anastomosis angle of 30° would be the preferred
surgical geometry to minimize areas of disturbed flow and
consequently development of neointima in the classical endto-side anastomosis configuration (34). Furthermore, avoiding the formation of swing by using the so called “piggyback”
straight-line onlay technique (pSLOT) shows promise to im© 2017 Wichtig Publishing

prove RCAVF creation outcomes as it reduced the incidence
of juxta-anastomotic stenosis and overall fistula failure (35).
These approaches however are not widely adopted by surgeons and future prospective randomized studies are needed
to confirm their benefit.
Finally, a notion on the possible alternative paradigm in
upper-arm access construction should be made. Due to relatively low rates of achieving adequacy with forearm fistulas
compared to upper-arm fistulas (i.e., 34% vs. 59%) a recommendation was made to construct AVF preferentially in the
upper arm, at least for female, diabetic and older dialysis
patients where achieving adequate fistula function was especially problematic (36). In situations without access to efficient ultrasound mapping service there is a clear commodity
of predominantly reverting to upper-arm fistulas, since vessel
diameters are larger and in the cubital region clinical examination is more easily positive for vein and artery localization.
However, nowadays we have a substantial body of evidence
showing that preoperative ultrasound mapping improves the
proportion of patients with functional AVFs in early and late
post-operative period (17, 37, 38). Provision of preoperative
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Fig. 2 - Cephalic vein (CV) distensibility assessment. Panel A: (a) non-augmented CV image of a female patient with diameter of 1.7 mm; (b)
radial bone; (c) signal drop-out due to insonation of CV from the side and minimal contact of the probe with the skin to avoid compressing the vein. Panel B: (a) augmented CV diameter of 2.8 mm; (d) radial artery (RA) diameter was 1.4 mm; due to small RA diameter plan to
perform fistula operation at this site was abandoned.

ultrasound mapping is therefore accepted as the standard of
care (4) and vulnerable forearm RCAVF creations in terms of
early failure and late patency rates may benefit most from the
use of ultrasound for vessel mapping and assessment of their
maturation potential. When the result of physical examination is favorable, the benefit of routine ultrasound usage is
more difficult to prove (39). Recent meta-analysis evidence of
moderate strength supported routine use of ultrasound for
vessel mapping before the creation of any AVF (40). Our policy is to perform routine ultrasound mapping in all patients
referred in need of vascular access and both the mapping and
operation are performed by interventional nephrologists, often same person performs both procedures (41).

Conclusions
Successful RCAVF creation brings many benefits to dialysis patient. It is an access associated with low incidence of
infection and distal ischemia, it spares proximal veins for future access use and it may help in the maturation of veins that
may be used for more proximal access creations. In the radiocephalic configuration, with higher risk of early failure and nonmaturation than with fistulas in cubital position, the routine
use of ultrasound is justified to avoid negative surgical explorations, procedures on inappropriate vessels with ultrasound
features indicating incapacity to mature properly or lying too
deep in the subcutaneous fat for reliable repetitive needling.
Although there are controversies regarding the optimal methodology for ultrasound mapping (i.e., using augmented vs.
neutral venous imaging) and regarding the optimal cut-offs of
predictive parameters for fistula outcome, we propose that
anatomical and functional parameters be judged together in
the composite decision-making process about feasibility of
RCAVF. When vessel diameters in the uncertain “grey-zone”
interval are found, functional parameters (such as hyperemic
RI, RA morphology, venous distensibility and Doppler flow
pattern, respiratory flow variation) should be used to aid in a
decision-making process. The interventional nephrologist is a
professional with best insight in patient’s projected time to the

start of renal replacement therapy, cardiovascular comorbidities and transplantation capacity; this makes him/her also the
optimal professional to coordinate vascular access establishing
process and with proper motivation and devotion also to perform diagnostic and surgical procedures. In any hands, for the
purpose of RCAVF creation, preoperative ultrasound should remain as the main and invaluable tool for preoperative planning
and outcome prediction.
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