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Abstract

Background and aims. Arteriovenous fistula (AVF) maturation failure rates
remain high in patients with end-stage renal disease (ESRD). Although preoperative
morphological and functional assessment of blood vessels by duplex ultrasonography
(DUS) has been shown to improve AVF maturation, there is no consensus regarding the
optimal vein (VD) and artery (AD) diameters to be universally used for AVF creation.
To improve patient selection, set out to investigate if there is a correlation between
preoperative VD/AD and clinical covariates, and postoperative AVF outcome.

Methods. This was a prospective cohort study conducted during January—
August 2014. ESRD patients referred to “Niculae Stancioiu” Heart Institute Cluj-
Napoca, who had a VD >1.9 mm and AD >1.5 mm, as measured by DUS, and underwent
AVF creation were enrolled. We assessed whether preoperative VD/AD and clinical
covariates were associated with AVF maturation rate and primary patency at 2 years
after AVF creation.

Results. Of 115 patients referred for AVF creation, 93 were included in the
study. Mean (% standard deviation) VD was 3.3 £ 1.1 mm and VDs were distributed in
quartile Q1 <2.55 mm, Q2: 2.56-3.10 mm, Q3: 3.11-3.70 mm and Q4: >3.71 mm. Mean
AD was 3.3 £ 1.4 mm and ADs were distributed in Q1 <2.55 mm, Q2: 2.56-3.10 mm,
Q3: 3.11-3.70 mm, and Q4, >3.71 mm. AVF maturation rate increased proportionally
with VD from Q1 (62%) to Q2 (70%), O3 (82%) to Q4 (96%) (p=0.03). Based on AD,
a higher AVF maturation rate was observed in Q3 (86%), 04 (83%) vs Q1 (71%) and
02 (67%,). Long-term primary patency of AVFs seemed not to be influenced by VD
and AD. In older patients and those with peripheral arterial disease, AVF maturation
failure tended to be higher.

Conclusions. Our findings suggest that a preoperative VD >1.9 mm and AD
>1.5 mm have a successful maturation rate of AVF greater than 60% in ESRD patients.
The maturation rate of surgical AVF increases proportionally with the size of VD used
for AVF creation.
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Introduction

The incidence of chronic kidney disease (CKD) is
increasing worldwide [1]. One of its major implications is
the risk of end stage renal disease (ESRD) [2]. In Europe,
according to a survey conducted in 16 countries, the
incidence of ESRD varies between 81 and 195 per million
and the prevalence between 309 and 1670 per million
population [3]. The increasing prevalence of ESRD leads
to a growing need for renal replacement therapies (RRTs)
for survival [1]. Of the RRTs, arteriovenous fistulas (AVFs)
are the preferred option for hemodialysis according to The
National Kidney Foundation - Kidney Disease Outcomes
Quality Initiative (NKF-KDOQI) guidelines and the Fistula
First Breakthrough Initiative (FFBI) [4].

However, AVF maturation and failure still represent
significant obstacles for successful use of fistula [1]. AVF
maturation failure ranges between 20% and 60% [5] and
was associated with clinical predictors such as patient
age, peripheral vascular disease, coronary artery disease,
diabetes, non-white race, gender etc. [6].

Preoperative assessment of the morphological
and functional parameters of peripheral blood vessels by
duplex ultrasonography (DUS) has been shown to improve
fistula maturation [7-9]. Because AVFs are created by a
direct anastomosis between a native artery and vein, and
successful maturation implies an increase in the blood flow
rate and diameter of the inflow artery and the draining vein
that can support the high blood flow [10], it is important
to assess the preoperative vein (VD) and artery (AD)
diameters, as well as their morphological characteristics.
Even though DUS is routinely used to evaluate veins and
arteries suitable for AVF creation, the maturation failure
rate remains high [11]. There is no consensus regarding the
optimal preoperative VD and AD threshold to be universally
used for AVF creation, which could predict AVF maturation
rate [12,13]. The VD threshold reported in different studies
between fistula failure and success ranges from 1.6 to 4 mm
[8,14,15]. Similarly, the AD threshold reported in literature
ranges from 1.5 to 4.1 mm [16-19].

To improve patient selection for AVF creation, we
conducted a prospective cohort study in patients with ESRD
in the Department of Cardiovascular Surgery, “Niculae
Stancioiu” Heart Institute, Cluj-Napoca, Romania. Our aim
was to evaluate whether preoperative characteristics of the
blood vessels were associated with the AVF maturation rate
and long-term primary patency. The first epoch study results
were previously published and showed that the decrease of
digital pressure at 1 and 2 months after AVF creation was
not influenced by the arterial remodelling degree, VD or
fistula flow in a subset of ESRD patients with preoperative
cephalic and basilic VDs >1.7 mm and brachial AD >2 mm
[20]. We also showed that vein morphology was correlated
with AVF outcome [21].

End-of-study results are reported here. We assessed
if there was a correlation between preoperative VD and AD,

as measured by DUS, and the postoperative AVF maturation
rate and long-term primary patency, and tried to identify
a threshold to be used during pre-operative evaluation.
We also assessed if patient clinical status correlated with
postoperative AVF outcome.

Material and methods

Study design and participants

This was a prospective cohort study conducted
in the Department of Cardiovascular Surgery, “Niculae
Stancioiu” Heart Institute, Cluj-Napoca, Romania, during
January 2014 - August 2014. The study was approved
by the ethical committee of the hospital and of the “Iuliu
Hatieganu” University of Medicine and Pharmacy, Cluj-
Napoca, Romania, and was conducted in accordance with the
principles of the Declaration of Helsinki. Informed consent
was obtained from all patients before inclusion in the study.

Patients with ESRD referred to our department
were considered eligible for study inclusion if they had:
vessels suitable for AVF creation as established by clinical
examination and ultrasonography, with a VD >1.9 mm, and
AD >1.5 mm, and if written informed consent was given prior
to enrolment. Regardless of whether they had or not a previous
arteriovenous access, patients were included in the study.
Any of the following were considered reason for exclusion:
previous diagnosis of stenosis or thrombosis in the draining
veins to be used for AVF creation, concomitant diagnosis of
other disease and/or ongoing treatment that may influence
AVF maturation, and physician decision that patients may not
comply with study procedures. Prior to AVF creation, patients
were clinically examined and baseline patient demographic
data, clinical comorbidities, and dialysis status were recorded.
DUS of artery and veins was performed by the same vascular
surgeon and the arteriovenous access type was decided based
on the KDOQI and Society for Vascular Surgery guidelines
[22]. Patient-specific procedure was determined by the
operating surgeon based on each patient’s history, clinical
status and preoperative DUS evaluation of the vessels to be
used for AVF creation. The surgical interventions consisted in
radiocephalic, brachiocephalic or brachiobasilic fistula, and
were performed using standard techniques. We evaluated if a
correlation between preoperative diameter of the inflow artery
and of the cephalic vein on the postoperative AVF maturation
rate and primary patency at 2 years after AVF creation could
be observed.

DUS evaluation of the blood vessels used for AVF
creation

Patients were examined in sitting position, after a
tourniquet was applied on the upper third of the forearm or
arm, while the arm was resting on an adjustable supporting
stand. Before DUS examination, the radial artery was
palpated at wrist level, the brachial artery at the anterior side
of the elbow and veins along the trajectory, to identify their
direction and exact position. The ultrasound examination was
performed using the NextGen LOGIQTM doppler ultrasound
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machine. A 2-D broad-spectrum linear probe of 7.0 to 15.0
MHz was used. The size of the arteries was assessed in real
time, grey scale, and on longitudinal sections at the level
of wrist for the radial artery, and antecubital fossa for the
brachial artery. The ADs selected for AVF location were
recorded. Vein evaluation was performed through the forearm
and upper-arm. VDs were measured in cross-section. When
the vein image was frozen on the screen, the cross-sectional
area was calculated by an automatic function. The risk of
underestimating the vein size due to compression exercised
by the transducer was minimized by using big amounts of
gel. Assuming that the narrowest portion of the vein is a
good indicator of pre-existing stenosis, decreased AVF flow
or risk for AVF failure, the minimum VD in the location
selected for AVF creation was recorded. DUS was performed
by the same vascular surgeon to ensure consistency of
measurements. Depending on the vessels size, radiocephalic
AVF type was preferred first, followed by brachiocephalic
and brachiobasilic AVF types, as also proposed by KDOQI
and Society for Vascular Surgery guidelines [22].

Surgical procedure for AVF creation

Based on preoperative findings, radial-cephalic,
brachial-cephalic or transposed brachial-basilic AVFs were
created by the same vascular surgeon.

Postoperative AVF assessment

AVF was considered mature if permitted cannulation
with 2 needles for 2/3 dialysis runs within 1 month and up
to 6 months after its creation, at an average blood flow rate
of 300 to 450 ml/minute for 3.5 to 4.0 hours [23]. In this
analysis, AVF maturation and patency were assessed at 2
years after AVF creation.

Statistical analysis

Statistical analyses were performed with Epi
InfoTM 7 software (CDC, USA). For descriptive
statistics, continuous data were tabulated as prevalence
and percentages, and categorical variables as mean values
with standard deviation (= SD) or 95% confidence intervals
(CIs). To find the optimal minimum VD and AD to be used
for preoperative evaluation, the frequency distribution of
VD and AD in the entire study population was assessed.
The 25th, 50th and 75th percentile rank values were used to
define VD and AD quartiles. VD and AD recorded in each
patient were included either within the 1st, 2nd, 3rd, or 4th
quartile (Q1, Q2, Q3, or Q4).

To compare the continuous variables, ANOVA
Parametric Test for Inequality of Population Means
was used. To assess the association between categorical
variables, chi-square test was used; to determine if there was
an association between >2 categorical variables, the values
were automatically compared between one another in all
possible combinations and a mid p value was generated.
P-value was considered statistically significant if less than
0.05. Correlation between two variables was assessed by
Pierson correlation test: if r=1, a strong (positive/negative)
correlation was considered; if =/+0.5 was considered a

medium (positive/negative correlation); and if r =/+0.25
was considered a weak (positive/negative) correlation.

Results

Demographic characteristics and AVF type

Of 115 patients referred to our department for AVF
creation during the study period, 93 were eligible for study
inclusion. Of the 22 patients excluded, 19 refused to be
included in the study, 2 died and 1 underwent kidney transplant.
Baseline demographic characteristics of study participants are
showed in Table I. The number of male patients was around
two times higher than the numbers of females.

Table 1. Demographic characteristics and clinical data at baseline.

Category Overall population (N=93)
n mean + SD or % (95% CI)

Age (years) 93 60.5+11.8
Female 35 37.6 (27.8-48.3)
Male 58 62.4 (51.7-72.2)
Urban area 55 59.1 (48.5-69.2)
Rural area 38 40.9 (30.8-51.5)
Smoker 20 21.5(13.7-31.2)
DM 32 34.4 (24.9-45.0)
AHT 81 87.1(78.6-93.2)
IC 31 33.3 (56.1-76.1)
PAD 18 19.4 (11.9-28.9)
Before dialysis start 34 36.6 (26.8-47.2)

N, total number of patients included in the analysis; n, number of
patients in a given category; SD, standard deviation; CI, confidence
interval; DM, diabetes mellitus; AHT, arterial hypertension; IC,
ischemic cardiomyopathy; PAD, peripheral arterial disease.

Overall AVF maturation rate and long-term
functional patency

The distribution of AVF types was as follows: 47
patients (50.5%; 95% CI: 40.0-61.1) had radiocephalic
AVF placed, 37 patients (39.8%; 95% CI: 29.8-50.5) had
brachiocephalic AVF, and 9 patients (9.7%; 95% CI: 4.5-
17.6) had brachiobasilic AVF. Of the 93 access procedures,
71 AVFs (76.3%; 95% CI: 66.40-84.54) matured and were
further used. No difference in AVF maturation rate was
recorded in patients with radiocephalic (32 of 47 [68.1%)]),
brachiocephalic (31 of 37 [83.8%]) and brachiobasilic (8 of
9 [88.9%]) AVFs (Table II). The total number of AVFs that
failed to mature was 22 (22.3%; 95% CI: 15.5-33.6) and
were not further used or followed-up.

Of the 71 mature AVFs, 45 (81.8%; 95% CI: 69.1-
90.9) achieved functional patency at 2 years after AVF
creation and 10 (18.18%; 9.1-30.9) were non-functional. 16
AVFs that matured were lost to follow-up at 2 years after
AVF creation, 9 patients died, 5 patients underwent renal
transplant, and 2 patients did not start dialysis.

The highest number of functional AVF at 2 years after
AVF creation was recorded in patients with radiocephalic
AVF (23 of 26 [88.5%]) and brachiocephalic AVF (20 of
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23 [87.0%]) (Table III). The percentage of non-functional
AVFs was increased in patients with brachiobasilic AVF (4
of 6 [66.7%]), the difference being statistically significant

compared to the percentage of non-functional radiocephalic
(3 of 26 [11.5%]) and brachiocephalic (3 of 23 [13.0%])
AVFs (p=0.002).

Table II. Overall maturation rate based on baseline characteristics and DUS evaluation.

Category Mature AVF (N=71) Non-mature AVF (N=22) p-value
n mean + SD or % (95% CI) n mean + SD or % (95% CI)

Age (years) 71 59 +11.1 22 65 +13.1 0.054

Gender Female 26 74.3 (56.7-87.5) 9 25.7(12.5-43.3) 0.35
Male 45 77.6 (64.7-87.5) 13 22.4(12.5-35.3)

Area Urban 42 76.4 (63.00-86.8) 13 23.64 (13.2-37.0) 0.49
Rural 29 76.3 (59.8-88.6) 9 23.7 (11.4-40.2)

Smoker Yes 15 75.0 (50.9-91.3) 5 25 (8.7-49.1) 0.43
No 56 76.5 (65.4-85.8) 17 23.3(14.2-34.7)

DM Yes 25 78.1 (60.0-90.7) 7 21.9(9.3-40.0) 0.39
No 46 75.4 (62.7-85.5) 15 24.6 (14.5-37.3)

AHT Yes 61 75.3 (64.5-84.2) 20 24.6 (15.8-35.5) 0.29
No 10 83.3 (51.6-97.9) 2 16.7 (2.1-48.4)

IC Yes 24 72.4 (58.9-90.4) 7 22.6 (9.6-41.1) 0.43
No 47 75.8 (63.3-85.8) 15 24.2 (14.2-36.7)

PAD Yes 11 61.1(35.8-82.7) 7 38.9 (17.3-64.3) 0.056
No 60 80.0 (69.2-88.4) 15 20 (11.7-30.8)

Before dialysis Yes 27 79.4 (62.1-91.3) 7 20.6 (8.7-37.9) 0.31
No 44 74.6 (61.6-85.0) 15 25.4 (15.0-38.4)

AVF type Radiocephalic 32 68.1 (52.9-80.9) 15 31.9(9.1-47.1) 0.15
Brachiocephalic |31 83.8 (68.0-93.8) 6 16.2 (6.2-32.0)
Brachiobasilic 8 88.9 (51.8-99.7) 1 11.1(0.3-48.3)

Note: statistical analysis performed by ANOVA chi-square test and ANOVA Parametric Test for Inequality of Population Means (p-value was
considered statistically significant if <0.05). DUS, duplex ultrasonography; N, total number of patients; n, number of patients in a given category;
SD, standard deviation; CI, confidence interval; DM, diabetes mellitus; AHT, arterial hypertension; IC, ischemic cardiomyopathy; PAD, peripheral
arterial disease; AVF; arteriovenous fistula.

Table II1. Functional patency at 2 years after AVF creation based on baseline characteristics and DUS evaluation.

Category Functional AVF (N=45) Non-functional AVF (N=10) p-value
n mean + SD or % (95% CI) n mean + SD or % (95% CI)

Age (years) 45 59 +11.8 10 65 +11.3 0.19

Gender Female 15 75.0 (50.9-91.3) 5 25.0 (8.7-49.1) 0.17
Male 30 85.7 (69.7-95.2) 5 14.3 (4.8-30.3)

Area Urban 24 80.0 (61.4-92.3) 6 20.0 (7.7-38.6) 0.36
Rural 21 84.0 (63.9-95.5) 4 16.0 (4.5-36.1)

Smoker Yes 7 77.8 (40.0-97.2) 2 22.2 (2.8-60.0) 0.36
No 38 82.6 (68.6-92.2) 8 17.4 (7.8-31.4)

DM Yes 15 93.8 (69.8-99.8) 1 6.3 (0.2-30.2) 0.07
No 30 76.9 (60.7-88.9) 9 23.1 (11.1-39.3)

AHT Yes 38 82.6 (68.6-92.2) 8 17.4 (7.8-31.4) 0.36
No 7 77.8 (40.0-97.2) 2 22.2 (2.8-60.0)

IC Yes 16 80.0 (56.3-94.3) 4 20.0 (5.7-43.7) 0.39
No 29 83.0 (66.4-93.4) 6 17.1 (6.6-33.6)

PAD Yes 5 71.4 (29.0-96.3) 2 28.6 (3.7-71.0) 0.23
No 40 83.3 (69.8-92.5) 8 16.7 (7.5-30.2)

Before dialysis Yes 17 89.5 (66.9-98.7) 2 10.5 (1.3-33.1) 0.16
No 28 77.3 (60.9-89.9) 8 22.2 (10.1-39.2)

AVF type Radiocephalic 23 88.5 (69.9-97.6) 3 11.5 (2.5-30.2) 0.002
Brachiocephalic |20 87.0 (66.4-97.2) 3 13.0 (2.8-33.6)
Brachiobasilic 2 33.3(4.3-77.7) 4 66.7 (22.3-95.7)

Note: statistical analysis performed by ANOVA chi-square test and ANOVA Parametric Test for Inequality of Population Means (p-value
was considered statistically significant if < 0.05). DUS, duplex ultrasonography; N, total number of patients; n, number of patients in a given
category; SD, standard deviation; CI, confidence interval; BMI, body mass index; DM, diabetes mellitus; AHT, arterial hypertension; IC, ischemic
cardiomyopathy; PAD, peripheral arterial disease; AVF; arteriovenous fistula.
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Impact of preoperative VD and AD on the AVF
maturation and long-term functional patency

The mean VD of the overall population included
in this analysis was 3.3 £ 1.1 mm. To find the optimal
minimum diameters to be used for preoperative evaluation,
VD were distributed in the following quartiles: Q1, <2.55
mm; Q2, 2.56 to 3.10 mm; Q3, 3.11 to 3.70 mm; Q4,
>3.71 mm. The mean AD was 3.3 £+ 1.4. VD quartiles were
defined as follows: Q1, <2.55 mm; Q2, 2.56 to 3.10 mm,;
Q3, 3.11 to 3.70 mm; Q4, >3.71 mm. The percentage of
patients with VD and AD included within a quartile was
similar between quartiles (Figure 1A and 1B, respectively).

AVF maturation rate increased proportionally with
VD, the prevalence was statistically significant, being

increased from Q1 to Q4 (p=0.03) (Table IV). Moreover, a
positive correlation between VD increase and maturation rate
increase was also observed by Pierson correlation test (r=0.3).

In Q4, the majority of AVFs were brachiocephalic,
while in Q1-Q3 most of AVFs were radiocephalic. The
VD means by AVF type (= SD) was 4.08 = 1.59 mm for
brachiobasilic AVFs, 3.70 = 1.30 mm for brachiocephalic
AVFs and 2.83 £ 0.59 for radiocephalic AVFs. Even if the
difference in diameter means by AVF type was statistically
significant (p=0.0001), maturation rate by AVF type was
not statistically significant (p=0.15) due to the similar
maturation rate between brachiobasilic and brachiocephalic
AVFs (89% brachiobasilic, 84% brachiocephalic and 68%
radiocephalic).
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Figure 1. Distribution of patients in each quartile by preoperative vein diameter (A) and artery diameter (B).
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Table IV. AVF maturation and long-term primary patency by vein and artery diameter quartiles.

Category Q1 Q2 Q3 Q4 p-value
Vein diameter 1.90-2.55 mm 2.56-3.10 mm | 3.11-3.70 mm 3.71-7.20 mm

N=26 N=27 N=17 N=23
Fistula maturation, n (%) 16 (61.5 %) 19 (70.4%) 14 (82.3) 22 (95.7) 0.03
Patency at 2 years, n (%) 10 (76.9%) 13 (86.7%) 7(77.8) 15 (83.3) 0.47
Artery diameter 1.50-2.25 mm 2.26-3.00 mm |3.01-4.25 mm 4.26-8.50 mm

N=24 N=24 N=22 N=23
Fistula maturation, n (%) 16 (66.7) 17 (70.8) 19 (86.4) 19 (82.6) 0.33
Patency at 2 years, n (%) 12 (92.3) 10 (83.3) 12 (75.0) 11 (78.6) 0.66

Note: statistical analysis performed by ANOVA chi-square test (p-value was considered statistically significant if < 0.05).
Q, quartile; N, number of patients in a quartile; n (%), number (percentage) of patients in a given category.

Long-term patency of AVFs seemed not to be
influenced by VD within different quartiles. No statistically
significant difference was observed (Table IV).

A higher AVF maturation rate was observed in
patients with AD within Q3 (86%), closely followed by
patients with AD within (Q4), compared to the patients
with AD within Q1 and Q2 (71% and 67%, respectively).
The difference in maturation rate by quartiles was not
statistically significant due to similarities between Q3 and
Q4 (p=0.33) (Table 1V). A very weak positive correlation
between AVF maturation rate and VD was also observed by
Pierson correlation test (r=0.29).

InQ4and Q3, majority of AVFswerebrachiocephalic,
while in Q2, most of AVFs were radiocephalic, and in QI,
all were radiocephalic. The AD means by AVF type (+
SD) was 4.50 £ 1.21 mm for brachiocephalic AVFs, 3.82
+ 0.76 mm for brachiobasilic AVFs and 2.31 + 0.47 for
radiocephalic AVFs (p=0.0).

Long-term patency of AVFs seemed not to be
influenced by AD distribution within different quartiles
(p=0.66) (Table IV).

Impact of preoperative baseline characteristics
and co-morbidities on the AVF maturation and long-term
functional patency

AFV maturation failure occurred most likely in
older patients (border line statistical significance, p=0.054).
Patients with peripheral arterial disease (PAD) had lower
AVF maturation rate (11 of 18 [61.1%]) compared to those
without diagnosed PAD (maturation rate: 60 of 75 [80%]),
the difference almost reaching a statistical significance
(p=0.056). Gender, living area, tobacco use, diabetes,
arterial hypertension (AHT), ischemic cardiomyopathy
(IC), AVF creation before or after dialysis start, and AVF
type had no effect on the AVF maturation rate (Table II).

Age, gender, living area, tobacco use, BMI, diabetes,
AHT, IC, AVF creation before or after dialysis start seemed
not to influence long-term patency (Table IIT).

Discussion

In our study, we observed no statistically significant
difference in maturation rate between radiocephalic,
brachiocephalic and brachiobasilic AVFs. Our results are in

line with different studies suggesting that the fistula site had
no effect on maturation rate [8,24,25], while other studies
suggest that forearm fistula are at higher risk of failure
[26,27]. Of note, in our study, the overall maturation failure
rate was 22.3%, which is lower compared to other studies,
where a AVF maturation failure up to 60% was reported
[5]- The relatively increased failure rates highlight that the
general recommendations provided for AVF placement are
not always applicable at individual patient level [22,28].

Regarding the long-term primary patency, our
results showed that AVF type seems to influence AVF
patency at 2 years after fistula creation. The percentage of
patients with non-functional AVF was significantly higher
following brachiobasilic AVF placement compared to
radiocephalic and brachiocephalic AVFs. However, these
findings should be interpreted with caution due to low
number of patients with this fistula type included in our
study. Since 2004, when FBBI recommended first a target
of' 40% AVF utilization among the prevalent haemodialysis
and subsequently increased the target to 66% based on
NKF-KDOQI guidelines [29], placement of native AVFs
had a significant success in the clinical practice [30].
However, long-term follow-up of AVF patency revealed
high rates of failure with up to 51% by 2 years [31]. Other
published data suggest a failure rate varying from 9%
to 53% [7,24,25,32,33]. Compared to these studies, we
recorded a relatively low overall failure rate (18.1%).

To improve patient selection for AVF creation and
to increase AVF maturation rates, NKF-KDOQI guidelines
recommended preoperative DUS. Even if DUS is routinely
used, and has increased fistula placement and maturation
rates [8, 34-36] the maturation failure rate remains high [11].
There is an imperative need to improve patient selection
at individual level, but there is no consensus regarding
the optimal blood vessel characteristics to be used when
taking the decision of AVF placement. Because VD and AD
thresholds related with a successful fistula are unclear, in
our study we did not attempt to define a minimum VD or
AD when comparing mature versus non-mature AVFs or
functional versus non-functional AVFs, but to assess if a
threshold related to AVF maturation failure and long-term
primary patency loss can be identified in our population. In
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patients with a VD >1.9 mm, we observed that only AVF
maturation rate increased proportionally with VD, from Q1
to Q2 and Q4. Compared to other studies suggesting that
a VD ranging between 2 and 3 mm, with basilic VD >2.5
mm is optimal for AVF creation [11, 13, 25]; while other
studies suggest that a cephalic VD >4 mm is a predictor
for successful AVF maturation [19, 30], we suggest that a
VD >1.9 mm is optimal for AVF use, regardless of vein
type. It is to be noted that the American and European
surgeons allow AVF creation with a cephalic VD of 1.5—
1.9 mm, and European surgeons also with a basilic VD
of 2-2.4 mm [13]. Most studies used mean or maximum
VD [30], while we used minimum VD when deciding AVF
location. This is the smallest vein size that can be recorded
when a patient is vasoconstricted during DUS evaluation.
Despite the possible vein vasoconstriction, minimum VD
was correlated with fistula maturation rate. Similar findings
were reported by Dageforde et al. [11]. In terms of long-
term primary patency, no statistically significant difference
was observed between patients from Q1, Q2, Q3 and Q4.
Our observations are comparable with previous studies
demonstrating that VD as measured by DUS is associated
with fistula outcomes [30,37]. Vein size seems to be an
important predictor of fistula maturation, but it should also
be associated with arterial factors and blood flow [30]. Some
studies have demonstrated a correlation between large vein
sizes and improved AVF maturation and patency [11, 38],
but the association between artery size and maturation rate
is controversial [19]. In our study, we observed a higher
AVF maturation rate in Q3 and Q4 compared to QI and
Q2. The lowest AD included in our analysis was 1.5 mm.
Different studies suggest that a preoperative AD <1.5 mm
or <1.6 mm is associated with AVF early failure [16,17,39],
while in other studies, when using a minimum AD of 2
mm, no association between AD and AVF outcome was
found [19,40,41]. No statistically significant difference
was observed between patients with AD within Q1, Q2, Q3
and Q4, and long-term primary patency outcome. In some
studies, the AD considered optimal for AVF creation was >
1.5 mm [16, 25] or >2 mm [42], while other studies suggest
poor AVF functionality when radial AD is smaller than 1.5-
2.3 mm [16-18]. The use of preoperative vessel mapping, in
addition to diameter assessment, also excluded the small and
diseased veins and arteries, which may lead to AVF failure.
Furthermore, we also assessed if patients baseline
characteristics and co-morbidities were related with AVF
outcome. We showed that older age increased the AVF
maturation failure Similar results have been reported in
literature [7,42-44]. This may be explained by the high
prevalence of co-morbidities, poor quality of life and short
life expectancy in elderly patients, which is associated
with AVF maturation failure and decreased primary and
cumulative AVF patency [45]. Regarding patient gender, we
found no statistically significant difference between female
and male patients. Similar results have been reported by

Lauvao et al. [30]. However, conflicting data regarding
the gender influence on the AVF failure are reported.
The majority of studies suggest that maturation time is
prolonged in women and patency is lower [14,46,47].
We also observed no statistical significant difference in
maturation rate and long-term patency in patients with or
without diabetes. In contrast with our findings, previous
studies have shown that diabetes is directly related with
AVF failure and patency loss [48,49]. In our study, the
number of patients with diabetes was low, which may
have led to this contradiction. Regarding smoking history
and AHT, our results are in line with previous data [32].
No correlation between AVF maturation failure/long-
term primary patency and smoking history and AHT was
identified. IC and PAD are also considered predictive risk
factors for AVF failure [6]. In our study, only patients
with PAD had lower AVF maturation rate. The difference
in maturation rate in patients with or without IC was not
statistically significant.

We acknowledge that our study has some limitations.
One of the limitations is the small size of the included
population, which comes from the prospective nature of the
study. The defined study duration permitted the inclusion of
a limited number of patients. Secondly, we did not assess
the calcification status of the inflow artery, which is also a
risk factor for poor AVF outcome. Thirdly, due to the nature
of follow-up, we were unable to calculate the mean number
of days until AVF maturation.

Conclusions

Our findings suggest that a preoperative VD >1.9 mm
and AD > 1.5 mm, as measured by DUS, have a successful
maturation rate over 60% and that the maturation rate
increases with VD increase in patients with ESRD. However,
we cannot claim that this can be used as a definitive minimal
threshold, but we recommend using DUS to determine the
minimal VD and AD. The individual age of the patients and
PAD also had a negative influence on the maturation rate.
Long-term primary patency loss seems to be higher in patients
with brachiobasilic AVFs, however this hypothesis should
be further investigated on a larger population size. To take a
decision on what type of AVF to be used in ESRD patients,
we suggest using a combination between preoperative DUS
vessels mapping and clinical examination.
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