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Objective. Haemodialysis is an important tool for end-stage renal disease (ESRD) patients to correct electrolyte disturbance and
improve life quality. This requires a method of long-term vascular access. For many ESRD patients, arteriovenous fistula (AVF)
formation is the optimal method of access. AVF success and patency are critical to allow access for haemodialysis. Failure to
mature and thrombosis are key factors involved in AVF failure. Our aim is to report outcomes from a single-centre, retrospective
study investigating the association between artery and vein measurements as well as intraoperative heparin use on autogenous
upper limb AVF outcomes. Methods. This retrospective study analyses the influence of artery and vein diameter on AVF outcomes
over a 12-month period, from 1 January 2019 through 31 December 2019. The key endpoint was AVF patency and functionality at
6 weeks postoperatively. Results. During our study period, 66 autogenous upper limb AVFs were formed in our tertiary vascular
centre. This included 44 radiocephalic, 11 brachiocephalic, and 11 brachiobasilic AVFs. We report an association between
minimum vein diameter >2.0 mm and arterial diameter >2.0 mm and AVF success and functionality. Our data did not support
intraoperative heparin use as a measure to improve AVF success. Conclusion. This study suggests a statistically significant
association between vein and artery diameter (>2.0 mm) with improved AVF patency at 6 weeks postoperatively. We did not

observe benefit from intraoperative heparin use.

1. Introduction

End-stage renal disease (ESRD) is an increasingly prevalent
pathology worldwide leading to increasing requirement for
vascular access for dialysis [1, 2]. Dialysis options include
peritoneal dialysis or haemodialysis [1, 2]. The latter requires
a form of vascular access, namely, central venous lines or
arteriovenous fistulae (AVF) [1, 2]. AVF is a common
method of vascular access for ESRD patients, but it is not
without its complications. These can include failure to
mature or thrombosis.

A number of variables have been analysed as possible
predictors for the success and maturation of AVFs. It has
been reported that vein and artery diameters play an im-
portant role in AVF success [1-5]. A number of trials have
also investigated the effect of intraoperative intravenous
heparin use for improving AVF patency outcomes [6, 7].

The preoperative work-up before AVF formation varies
between clinicians and centres. Some patients will receive a
physical assessment before preceding to AVF formation
while others will undergo duplex ultrasound vessel-mapping
and others will have a venogram performed before the
surgery.

In this study, we report 12-month outcomes following
upper limb AVF formation in a tertiary vascular centre and
consider the influence of multiple factors including vessel
diameter and velocity and intraoperative heparin use on
AVF outcomes.

2. Methods

This retrospective audit was approved by the Wellington
Hospital Clinical Audit Group on 17/06/2021 (ID 2021/25)
and the need for informed consent was waived.
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2.1. Study Design. This is a retrospective analysis including
all patients undergoing upper limb AVF formation for
haemodialysis between 1 January 2019 and 31 December
2019. All patients were referred directly to the vascular
surgery department at Wellington Hospital. All data were
recorded in an Excel spreadsheet on a secure hospital server.
We collected data on age, gender, type of AVF, preoperative
imaging, comorbidities, intraoperative heparin use, and
outcomes.

2.2. Operative Details. All procedures were performed under
local or regional anaesthesia. All procedures were performed
by 3 vascular surgeons in our tertiary vascular centre. All
anastomoses were performed using running proline suture
material.

Intraoperative heparin use was based on clinician
preference. Where intraoperative heparin was used, the dose
was either 2500 or 3000 international units (IU). This was
also based on clinician preference.

2.3. Pre- and Postoperative Assessment. All patients under-
went preoperative duplex ultrasound imaging of the ipsi-
lateral limb. This included measurement of minimum vein
diameter and arterial diameter and velocity. Information on
vessel quality was not gathered for the purpose of this scan.
Tourniquets were used to derive minimum vein diameter.
Patient follow-up was performed typically 1-2 weeks
after AVF formation and then again 6 weeks following the
procedure by a renal clinical nurse specialist (CNS).

2.4. Outcomes and Definitions. The primary outcome mea-
sured in this trial was AVF patency and functionality during
the follow-up period. This was assessed clinically at 6 weeks
postoperatively by the renal CNS. Where the fistula was not
functional at 6 weeks, the patient underwent a further duplex
ultrasound to clarify the cause of nonfunctionality as either
thrombosis or failure to mature.

2.5. Statistical Analysis. Statistical analyses were performed
using a combination of Excel (Microsoft, Redmond,
Washington, USA) and R software (R Foundation for Sta-
tistical Computing, Vienna, Austria). Logistical regression
was applied to calculate the effect of multiple variables on
primary outcome of AVF maturation including minimum
vein diameter, artery diameter and velocity, and intra-
operative heparin use as well as medical comorbidities in-
cluding hypertension and diabetes. A P value <0.05 was
considered statistically significant.

To investigate the effect of vein and artery diameter
measurements on AVF maturation and patency, dichoto-
mized cut points were determined using the outcome-based
Contal and O’Quigley method [8].

3. Results

Between 1 January 2019 and 31 December 2019, 66 autog-
enous upper limb AVFs were formed in our tertiary vascular
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centre for the purpose of haemodialysis. These included a
combination of 44 radiocephalic (RCF), 11 brachiocephalic
(BCF), and 11 brachiobasilic (BBF) fistulae. AVFs were
created by 3 vascular surgeons with comparable operative
methods. Complete venous and arterial limb ultrasound
mapping was completed preoperatively for 100% of patients.

3.1. Demographics and Characteristics. The average age was
52.8 years with a slight male predominance of 54.5%. The
largest patient group by ethnicity was Maori and Pacific
(45.5%) followed by New Zealand European (42.4%). Av-
erage BMI was 26.9. Twenty-nine patients (43.9%) were
classified as diabetic while 55 (83.3%) exhibited underlying
hypertension requiring at least 1 oral antihypertensive agent.
The most common aetiology for underlying ESRD was di-
abetic nephropathy in 24 (36.4%) of the patients followed by
glomerulonephritis in 16 (24.2%). A complete summary of
demographics, comorbidities, and aetiology is outlined in
Table 1.

3.2. Preoperative Imaging. All patients completed preoper-
ative duplex ultrasound imaging of the ipsilateral limb. The
smallest utilised vein diameter was 2.0 mm (cephalic) with
mean minimum vein diameter 2.9 mm. By fistula type, the
smallest used vein was 2.0 mm (RCF), 2.3 mm (BCF), and
2.0mm (BBF). The smallest used arterial diameter was
2.0mm (radial) with mean 2.86mm. Correspondingly,
smallest arterial diameter by AVF type was 2.0 mm (RCEF),
2.8 (BCF), and 3 mm (BBF). The lowest arterial velocity was
45 cm/s (radial) with mean 87.5 cm/s. Details of preoperative
imaging are outlined in Table 2.

3.3. AVF Outcomes. Sixty-six fistulas were formed. These
included 44 RCF, 11 BCF, and 11 BBF. Forty-six (70%)
upper limb AVFs matured and became functional at 6 weeks
postoperatively. Forty-eight (72.7%) of all AVF formations
were classified as the “first access procedure” for the patient.
Of the 44 radiocephalic AVFs formed, 30 (68.2%) matured
and were functional. This compared with 10 of 11 (90.9%)
brachiocephalic and 6 of 11 (54.5%) brachiobasilic AVFs,
respectively. Intraoperative heparin was administered dur-
ing the majority of AVF formation procedures (87.9%).
These details are outlined in Table 3.

Twenty AVFs (30%) did not become functional. Key
reasons were failure to mature or development of
thrombosis.

3.4. Regression Analysis. Univariate analyses for all 66 AVFs
identified minimum vein diameter >2.0mm and arterial
diameter >2.0mm to be significant for improved AVF
success. On multivariate regression, minimum vein diam-
eter >2.0mm was associated with 45% higher rate of AVF
success (RR 1.45,95% CI 1.18-2.27, P = 0.038) while arterial
diameter >2.0 mm was associated with 15% higher rate of
AVF success (RR 1.15,95% CI 1.01-3.18, P = 0.037). Arterial
velocity was not associated with improved AVF patency.
Heparin use did not result in statistically significant
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TaBLe 1: Patient demographics, comorbidities, and ESRD
aetiology.

Characteristics Number (percentage)
Gender

Male 36 (54.5%)

Female 30 (45.5%)
Age

Mean (+SD) 52.8 £16.9 years

Range 19-79 years
Ethnicity

Caucasian 28 (42.4%)

Pacific 20 (30.3%)

Maori 10 (15.2%)

Others 8 (12.1%)
BMI

Mean (+SD) 26.9+4.9

Range 21-38
HTN

Yes 55 (83.3%)

No 11 (16.7%)
Diabetes

Yes 29 (43.9%)

No 37 (56.1%)
ESRD cause

Diabetes 24 (36.4%)

Glomerulonephritis 16 (24.2%)

Others 15 (22.7%)

PCKD 5 (7.6%)

HTN 4 (6.1%)

TABLE 2: Preoperative artery and vein measurements obtained via
duplex ultrasound of ipsilateral limb.

Characteristics Number (percentage)
Minimum vein diameter
Mean 2.9mm
Range 2.0-5.3 mm
Maximum vein diameter
Mean 3.68 mm
Range 2.2-5.5mm
Artery diameter
Mean 2.86 mm
Range 2.0-5.6 mm
Artery velocity
Mean 87.5cm/s
Range 45-171cm/s

improved AVF patency (RR 1.11, 95% CI 0.54-1.76,
P =0.200). A complete list is displayed in Table 4.
Regression analysis was repeated for the RCF subgroup.
This redemonstrated significant improvement in AVF pa-
tency with vein size >2.0 mm on univariate (RR 1.47, 95% CI
0.65-3.67, P = 0.038) and multivariate regression (RR 1.78,
95% CI 1.16-3.47, P =0.028). Statistical significance was
also found with artery diameter >2.0 mm on univariate (RR
2.26, 95% CI 1.72-4.36, P = 0.020) and multivariate re-
gression (RR 2.00, 95% CI 1.01-3.03, P = 0.034). Arterial
velocity and intraoperative heparin use were not associated
with improved AVF outcomes, as shown in Table 5.
Statistical significance was not found for any factors for
the BCF and BBF subgroup univariate analyses, however

TaBLE 3: AVF procedural factors and outcomes.

Characteristics Number (percentage)
First access procedure

Yes 48 (72.7%)

No 18 (27.3%)
Fistula type breakdown

RCF 44

BCF 11

BBF 11
Intraoperative heparin

Yes 58 (87.9%)

No 8 (12.1%)
AVF success

Yes 46 (70%)

No 20 (30%)
Success by AVF type

RCF 30 (68.2%)

BCF 10 (90.9%)

BBF 6 (54.5%)
Cause for failure

Failure to mature 12

Thrombosis 8

noting each group had a limited sample size of 11 (Tables 6
and 7). Multivariate analyses were not possible to a
meaningful extent given the small sample size in these
subgroups.

4. Discussion

This is a single-centre study reporting outcomes following
autogenous upper limb AVF formation. We focus our an-
alyses on minimum vein diameter, arterial diameter, and
velocity as well as intraoperative heparin use.

Reports in the literature regarding effect of vein and
artery diameter on AVF outcomes have varying outcomes
[3,5,9]. The most consistent findings from existing literature
suggest the strongest association is between a minimum vein
diameter of 3.0 mm and improved AVF outcomes [3-5, 9].
Other reports suggest no predictive outcome of artery or
vein size on AVF outcomes [3, 5]. Some level of discrepancy
may be attributed to patient and technical factors including
comorbidities and functional factors including use of
tourniquet-derived measurements during ultrasound versus
no tourniquet. The quality of in-flow vessels (arteries) can
also affect outcomes [10].

In our study cohort, we found 2 statistically significant
predictors of AVF success. We report a minimum vein
diameter of >2.0 mm to be associated with improved AVF
patency (RR 1.45, 95% CI 1.18-2.27, P = 0.038). Equally, we
report arterial diameter >2.0mm to be associated with
significant improved outcomes (RR 1.15, 95% CI 1.01-3.18,
P =0.037). These were reported on multivariate analyses.
Subgroup analysis of radiocephalic fistulae found similar
significance for vein diameter >2.0 mm (RR 1.78, 95% CI
1.16-3.47, P = 0.028) and arterial diameter >2.0 mm (RR
2.00, 95% CI 1.01-3.03, P = 0.034). Although the rate of
AVF success by fistula type was highest for brachiocephalic
AVF (90.9%; compared with 68.2% for RCF and 54.5% for
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TaBLE 4: Univariate and multivariate analyses between demographics, fistula type, comorbidities, vessel measurements and heparin use, and

AVF outcomes.

Univariate analyses

Multivariate analyses

Variables ) )
RR ratio 95% CI P value RR ratio 95% CI P value
Patient age 1.01 (0.97, 1.03) 0.659 1.01 (0.97, 1.05) 0.455
Gender (male) 1.74 (0.60, 5.11) 0.307 2.18 (0.59, 8.49) 0.245
Fistula type (RCF) 1.79 (0.44, 6.94) 0.398 2.06 (0.35, 12.77) 0.420
Fistula type (BCF) 8.33 (1.02, 18.36) 0.080 8.82 (0.89, 21.18) 0.092
Fistula type (BBF) 2.66 (0.44, 1.22) 0.080 2.49 (0.40, 1.18) 0.097
Diabetes 2.99 (0.66, 4.76) 0.120 2.54 (0.90, 3.99) 0.098
Hypertension 1.63 (1.09, 4.90)] 0.440 1.88 (1.54, 4.66) 0.398
Minimum vein diameter 1.80 (1.22, 2.66) 0.044 1.45 (1.18, 2.27) 0.038
Maximum vein diameter 1.51 (0.82, 2.93) 0.197 1.98 (0.69, 6.44) 0.220
Artery diameter 1.57 (0.87, 3.10) 0.016 1.15 (1.01, 3.18) 0.037
Artery velocity 1.01 (0.99, 1.02) 0.385 1.00 (0.97, 1.02) 0.985
Intraoperative heparin 1.35 (0.66, 1.90) 0.2100 1.11 (0.54, 1.76) 0.200
TaBLE 5: Univariate and multivariate analyses between demographics and vessel measurements on RCF outcomes.
. Univariate analyses Multivariate analyses
Variables . .
RR ratio 95% CI P value RR ratio 95% CI P value
Patient age 0.99 (0.94, 1.02) 0.481 0.9890 (0.93, 1.04) 0.692
Gender (male) 2.33 (0.63,8.87) 0.204 1.8487 (0.33, 10.50) 0.474
Minimum vein diameter 1.47 (0.64, 3.67) 0.038 1.7817 (1.16, 3.46) 0.027
Maximum vein diameter 1.87 (0.86, 4.44) 0.128 2.0629 (0.59, 8.76) 0.281
Artery diameter 2.26 (1.71, 4.35) 0.020 1.5271 (0.38, 8.13) 0.571
Artery velocity 1.01 (0.98, 1.03) 0.442 2.0041 (1.01, 3.03) 0.034
TABLE 6: Univariate analyses between demographics and vessel measurements on BCF outcomes.
) Univariate analyses
Variables
RR ratio 95% confidence interval for RR P value
Patient age 1.12 (1.01, 1.34) 0.080
Gender (male) 4.00 (0.31, 107.04) 0.317
Minimum vein diameter 1.27 (0.27, 7.10) 0.753
Maximum vein diameter 0.86 (0.19, 3.67) 0.837
Artery diameter 1.25 (0.41, 4.63) 0.692
Artery velocity 1.00 (0.95, 1.05) 0.913
TaBLE 7: Univariate analyses between demographics and vessel measurements on BBF outcomes.
. Univariate analyses
Variables ) )
RR ratio 95% confidence interval for RR P value
Patient age 1.02 (0.88, 1.16) 0.769
Gender (male) 0.68 (0.45, 2.99) 0.998
Minimum vein diameter 1.02 (0.03, 2.00) 0.989
Maximum vein diameter 2.03 (0.01, 50.14) 0.592
Artery diameter 1.05 (0.06, 2.46) 0.970
Artery velocity 0.99 (0.88, 1.09) 0.897

BBEF), our analyses did not show statistical significance of
AVF type on outcomes (Table 4). This may have been related
to our small sample size.

Intraoperative heparin use has been suggested as a po-
tential mechanism for improving AVF outcomes in the
literature [6, 7]. This is thought to be secondary to its an-
ticoagulant activity reducing rates of AVF thrombosis [7].
Our analyses showed no statistical significance for heparin
use on AVF success (RR 1.11, 95% CI 0.54-1.76, P = 0.200).

4.1. Limitations, Strengths, and Future Direction. We note a
number of limitations in our study. Our data acquisition was
retrospective and data came from one centre only. This
brings with it geographic bias as well as clinician bias with a
small number of surgeons performing all procedures
comparing to a multicentre study with larger surgeon
variability. Furthermore, the smaller numbers of brachio-
cephalic and brachiobasilic AVFs limited our ability to
perform multivariate analyses for those 2 AVF subgroups.
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One strength of this study is availability of objective pre-
operative vessel measurement through duplex ultrasound
for 100% of patients.

Further areas of focus include the quality of vessels used
for AVF formation. It is well-documented that poor quality
artery as an example, a diseased radial artery with micro-
calcifications can result in poorer AVF maturation rate [10].
Our preoperative duplex ultrasound imaging focuses pri-
marily on measurement of vessel diameter and velocity. We
plan in future to study the preoperative quality of vein and
artery used for AVF formation and the relation of this on
AVF outcomes.

5. Conclusion

Formation of autogenous arteriovenous fistulae remains an
important method of vascular access for haemodialysis for
patients with end-stage renal disease. Key complications
following AVF formation are failure to mature and
thrombosis. Multiple variables have been suggested to be
predictors of AVF success including vessel diameter and
flow and other factors such as comorbidities and heparin
use. We found a minimum vein and artery diameter
>2.0mm to be statistically significant predictors of AVF
success. Arterial velocity, intraoperative heparin use, hy-
pertension, and diabetes were not associated with AVF
outcomes. A key limitation of this study is being a retro-
spective, single-centre study. We aim to continue our study
with investigation of the effect of preoperative vessel quality
on AVF outcomes next.

Data Availability

The data used to support the findings of this study are
available from the author upon request.

Conflicts of Interest

The author declares no conflicts of interest.

References

[1] L. S. Lauvao, D. M. Ihnat, K. R. Goshima, L. Chavez,
A. C. Gruessner, and J. L. Mills, “Vein diameter is the major
predictor of fistula maturation,” Journal of Vascular Surgery,
vol. 49, no. 6, pp. 1499-1504, 2009.

[2] K. P. McCullough, H. Morgenstern, R. Saran, W. H. Herman,
and B. M. Robinson, “Projecting ESRD incidence and prev-
alence in the United States through 2030,” Journal of the
American Society of Nephrology, vol. 30, no. 1, pp. 127-135,
2019.

[3] J. Misskey, R. Hamidizadeh, J. Faulds, J. Chen, J. Gagnon, and
Y. Hsiang, “Influence of artery and vein diameters on au-
togenous arteriovenous access patency,” Journal of Vascular
Surgery, vol. 71, no. 1, pp. 158-172, 2020.

[4] A. Farber, P. B. Imrey, T. S. Huber et al.,, “Multiple preop-
erative and intraoperative factors predict early fistula
thrombosis in the hemodialysis fistula maturation study,”
Journal of Vascular Surgery, vol. 63, no. 1, pp. 163-170, 2016.

[5] E. Korten, I. M. Toonder, Y. C. Schrama, W. C. J. Hop,
A. C. van der Ham, and C. H. A. Wittens, “Dialysis fistulae

(10]

patency and preoperative diameter ultrasound measure-
ments,” European Journal of Vascular and Endovascular
Surgery, vol. 33, no. 4, pp. 467-471, 2007.

M. Mozafar, F. Hoseinzadegan, S. Lotfollahzadeh et al., “Ef-
fects of heparin on early patency of arteriovenous fistula in
angioaccess surgery of patients with end-stage renal disease,”
Internal Medicine and Medical Investigation Journal, vol. 3,
no. 1, p. 36, 2018.

G. E. Smith, P. Souroullos, T. Cayton, A. Harwood,
D. Carradice, and I. C. Chetter, “A systematic review and
meta-analysis of systemic intraoperative anticoagulation
during arteriovenous access formation for dialysis,” The
Journal of Vascular Access, vol. 17, no. 1, pp. 1-5, 2016.

C. Contal and J. O’Quigley, “An application of changepoint
methods in studying the effect of age on survival in breast
cancer,” Computational Statistics & Data Analysis, vol. 30,
no. 3, pp. 253-270, 1999.

F. Y. Karakayali, S. Sevmis, C. Basaran et al., “Relationship of
preoperative venous and arterial imaging findings to out-
comes of brachio-basilic transposition fistulae for hemodi-
alysis: a prospective clinical study,” European Journal of
Vascular and Endovascular Surgery, vol. 35, no. 2, pp. 208-
213, 2008.

R. Roca-Tey, R. Bordes, R. Martinez-Cercos et al., “The impact
of pre-existing radial artery pathology by histological as-
sessment on the maturation, function and patency of the
radiocephalic fistula for hemodialysis,” International Angi-
ology, vol. 38, no. 3, pp. 239-249, 2019.



