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Abstract

Background: Chronic renal failure is the most common indication for which arterio-venous (AV) fistula creation surgery is being
performed. Various studies have found that native arteriovenous fistulas are the best in long-term patency with lower complica-
tions. We conducted this study to find out the role of preprocedural duplex ultrasound (DUS) in predicting outcomes of radio-
cephalic fistula in the wrist in the North-Karnataka population.
Methods: This prospective study was conducted from May 2019 to July 2020 on 50 patients who were hemodialysis-dependent and
underwent AV fistula creation with age from 20 to 70 years. All the patients underwent preoperative DUS and were followed up
post-operatively after one, two, and six weeks. Hemodialysis was initiated through the constructed fistula once it was mature, and
the maximum blood flow through the fistula was measured. SPSS version 20.0 was used for statistical analysis.
Results: Among 50 subjects, the overall cumulative success of AVF maturation was 86% (43), and failure to mature rate was 14% (7).
Logistic regression of maturation outcome in the wrist autologous arteriovenous fistula for individual factors showed statistically
significant results (P < 0.05) for the diameter of the radial artery > 1.6 mm and the distensibility of the cephalic vein > 0.4 mm.
Conclusions: Vein distensibility and radial artery diameter are key factors in predicting successful AVF maturation. The use of
intraoperative papaverine instillation directly on vessels can improve arteriovenous fistula outcomes.
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1. Background

The preferred modality for hemodialysis access is the
native arteriovenous fistula (AVF), although the high inci-
dence of fistulas that do not mature is a major obstacle
to increased use. When compared to grafts, it has a low
complications rate and requires few secondary procedures
compared to grafts. It is also associated with longer usabil-
ity and functional patency rates (1). The kidney disease out-
come initiative (KDOQI) recommends wrist RCAVF as the
initial and better site for AVF construction (2). Though it
has some advantages like preservation of proximal vessels
and ease of performing, wrist RCAVF has a few drawbacks
like a high failure rate (3). The blood flow through the fis-
tula and its patency over a period of time are key factors
for successful outcome. Preoperative vessel assessment
with B-mode ultrasonography (USG) and color doppler im-

proves the success of creation and outcome of native AVF
(4).

Several studies have analyzed factors responsible for
failure, such as increasing age, female gender, race, and co-
morbid conditions like diabetes, cerebrovascular diseases,
or peripheral vascular diseases (5-7). Despite multiple stud-
ies conducted by various authors to analyze preoperative
variables identified using duplex ultrasound in predict-
ing successful functional maturation of RCAVF, the opti-
mal vessel size is a main question for successful AVF cre-
ation. There is great variation in predictive values for AVF
failure (8, 9) as suggested by different authors. The period
of maturation is the time from AVF creation to the first suc-
cessful cannulation. This study was performed to find out
the role of preprocedural DUS in the prediction of RCAVF
functional maturation in the wrist and to identify the mod-
ifiable factors in the technique of surgery for improving
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RCAVF success.

2. Methods

This study included 50 consecutive patients with
end-stage kidney disease (ESRD), who underwent RCAVF
surgery between May 2019 and April 2020. All the patients
were hospitalized in the KLES Dr. Prabhakar Kore Hospital
to create a primary native radio-cephalic AVF.

2.1. Inclusion Criteria

All patients aged 20 to 70 years diagnosed with ESRD
who are hemodialysis dependent and undergo AV fistula
creation in the non-dominant upper limb.

2.2. Exclusion Criteria

- Age < 20 years or > 70 years,
- Patients with thrombosed upper limb veins,
- ESRD patients requiring prosthetic graft, and
- Multiple pricks in the non-dominant upper limb for

venous access.
Written informed consent was obtained from each pa-

tient. Ethical clearance was obtained from the institu-
tional Ethics Committee. Data was collected regarding
baseline demographic information.

All the patients were examined according to a standard
color doppler protocol. An ultrasound was performed us-
ing a BK medical (Profocus) ultrasound machine with 7-
10 MHz frequency linear probe. A practitioner who was
trained by a radiologist performed the duplex ultrasound
(DUS), and some variables were cross-checked by another
ultra-sonographer randomly for ensuring the standardiza-
tion of the technique.

All the patients underwent the preoperative DUS
assessment of the non-dominant upper limb vessels.
Cephalic vein diameter (CVd), radial-artery diameter (RAd),
and peak systolic velocity (PSV RA) were measured near the
wrist. The blood vessels were calipered, and their distensi-
bility was measured using the B mode. Vein diameter be-
fore tourniquet was measured as (VD0), and after the ap-
plication of a tourniquet for 2 minutes at 90 mmHg pres-
sure at elbow, it was measured as VD1. Vein distensibil-
ity (VD) was calculated as: [VD (mm) = VD1-VD0]. Cephalic
vein compressibility was assessed, and patients with non-
compressible cephalic vein (thrombosed) were excluded
from the study. Peak systolic velocity of the radial artery
(PSV RA) was measured over the radial artery in the longi-
tudinal plane, and the angle was kept below 60° (10-12).

In all the patients, RCAVFs were created at a level just
proximal to the wrist. All surgeries were done by three
trained surgeons (a senior urologist or a senior registrar

under supervision). Preoperative vascular mapping was
done for each patient to help in identifying smaller trib-
utaries at distance of 5 - 10 cm from the AVF creation site.
(Figure 1A) All surgeries were performed under local anes-
thesia. We performed an approximately 8-mm arteriotomy
and a 10-mm venotomy (unstretched venous length). (Fig-
ure 1B) Veins were flushed with heparinized saline. CV to
RA end-to-side anastomoses were done with running 6’0’
polypropylene. (Figure 1C) Immediately after anastomosis,
we instilled 1 cc papaverine around the anastomosis and
along the outflow vein in all the patients.

All the patients underwent preoperative duplex ultra-
sound examination and were followed up post-operatively
after one, two, and six weeks. Hemodialysis was initiated
through the constructed fistula once it was mature, and
the maximum blood flow through the fistula was mea-
sured. SPSS version 20.0 was used for statistical analysis.

Patients in whom dilatation was not adequate were re-
assessed after two weeks.

2.3. Criteria for Successful Maturation

- Ease of puncture,

- Successful HD for more than four hours through fis-
tula for three or more consecutive HD sessions, and

- Fistula providing blood flow of 250 ml/min or more
for four hours.

Any AVF thrombosed immediately or any time after
construction or failed to meet the above-mentioned crite-
ria was considered failed fistula.

2.4. Statistical Analysis

All the data were entered in a predesigned pro forma.
Patient information such as age, gender, and associ-
ated comorbidities, such as diabetes, hypertension, cere-
brovascular diseases, or peripheral vascular diseases, were
recorded. All DUS findings as described earlier were en-
tered into the data. SPSS v 20.0 was used for statisti-
cal analysis. Means of DUS variables between subjects
with successful and failed maturation as well as diabetics
and non-diabetics with maturation failure were compared
with independent t-test. Outcomes were compared using
Chi-square test and Fisher’s exact test. The cut-off point of
0.05 was considered statistically significant. Multiple vari-
able logistic regression analysis was used to find out the
factors associated with the specific predetermined AVF out-
come, that is, absolute success (AS) vs. relative failure (RF).
The multivariable equation was used to estimate the prob-
ability of successful outcome of AVF.
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Figure 1. (A) Vascular marking with the guidance of duplex ultrasound gray scale. (B) Intra-operative picture showing arteriotomy and venotomy after applying vascular
clamps. (C) Cephalic vein end-to-radial artery side anastomosis completed with distended outflow vein after clamp release

3. Results

Overall, 50 patients were included in the study. Base-
line patient data is shown in Table 1. The mean age was
52.22 ± 14.04 years (range, 20 to 70 years). Duplex ultra-
sound findings of various morphologic and functional pa-
rameters are presented in Table 2. Successful RCAVF matu-
ration was noted in 86% (43). This included 78% with suc-
cessful RCAVF maturation in four weeks (39) and 22% with
prolonged maturation during six to eight weeks (4). Fail-
ure to mature rate was 14% (7).

Table 1. Baseline Characteristics

Variables No. (%)

Total number of patients 50 (100)

Male 43 (86)

Female 7 (14)

Age > 55 years 24 (48)

Diabetes 11 (22)

Hypertension 41 (82)

Non-Dominant Upper limb: Left 46 (92)

Non-Dominant Upper limb: Right 4 (8)

We found a statistically significant correlation be-
tween outcome of RCAVF and RAd, PSV RA, VD. However,

we did not find a significant correlation between RCAVF
outcome and CVD. The analyzed results of absolute success
to absolute failure ratio are shown in Table 3. We found
threshold of RAd > 1.6 mm as a predictive variable for the
relative success vs. relative failure of AVF at 95% CI (1.39 to
35.98) with a P-value of 0.01. We also found the threshold
of PSV RA > 25 cm/s as a predictive variable for the rela-
tive success vs. relative failure of AVF at 95% CI (2.49-90.23)
with a P-value of 0.003. This result was also associated with
highest odds ratio 15:1 (Odds of success). The value of VD
> 0.4 mm for success vs. failure outcome was also statis-
tically significant with a P-value of 0.04 at 95% CI (1.07 to
33.64). The value of CVD > 2 mm was not statistically sig-
nificant for the correlation of successful AVF outcome with
the relative failure of AVF outcome. Based on the analysis
obtained (CI 0.16 to 3.41, P = 0.70), prolonged maturation or
failure to mature rate was higher in females. (OR = 6; 95%
CI = 1.17 - 30.72; P = 0.03) The arterial and venous diameters
were lower in women than in men, although there were no
statistically significant differences between them.

4. Discussion

Maturation criteria are not well defined, and there is a
great variability in data around the world. Data from the
DOPPS study revealed that AVF puncture was done in the
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Table 2. Vascular Variables as Measured by Duplex Ultrasonography

RAd PSV RA CVd VD

All

Mean 2.18 33.57 2.04 0.84

Minimum 1.4 24.8 1.2 0.08

Maximum 3.12 55.8 4.11 2.03

SD 0.36 10.28 0.57 0.42

Male

Mean 2.21 34.03 2.06 0.85

Minimum 1.4 12 1.2 0.08

Maximum 2.4 39 4.11 2.03

SD 0.38 10.66 0.60 0.43

Female

Mean 2.03 30.84 1.91 0.80

Minimum 1.5 20 1.46 0.6

Maximum 2.27 42.1 2.41 1.15

SD 0.26 7.75 0.38 0.43

Table 3. Logistic Regression of Maturation Outcome (Success vs Failure) in Wrist
RCAVF

Independent Variable OR (CI 95%) P Value

Sex F/M 6.0000 (1.1717 to 30.7255) 0.03

Age < 55 vs > 55 1.1000 (0.2424 to 4.9916) 0.90

RAd > 1.6 vs < 1.6 mm 7.0833 (1.3942 to 35.9878) 0.001

PSV RA 15.0000 (2.4936 to 90.2318) 0.003

CVd > 1.8 vs. < 1.8 0.7500 (0.1649 to 3.4110) 0.709

VD > 0.4 vs. < 0.4 6.0000 (1.0700 to 33.6463) 0.004

first month of construction in 74% of HD centers in Japan,
50% in Europe, and < 2% in the US (13). Saran et al. noted
that poor outcome was not related to AVF puncture within
one month, and AVF should be cannulated after four weeks
(13, 14). They also suggested that decision about AVF suit-
ability for cannulation should be based on clinical exam-
ination and objective measurement techniques, such as
color doppler ultrasound (14).

Malovrh reported 80.2 % of distal AVF successfully ma-
ture after twelve weeks (9), while other authors reported
different failure-to-mature rates and recommended differ-
ent maturation periods (6, 7, 15, 16). In most HD centers,
blood flow of 250 - 350 mL/min for 4 hours HD session is
a routine practice. Routinely they waited for four weeks
prior to initial cannulation, but we waited for more the
6 weeks for some patients. Most of them requires addi-
tion intervention if they do not mature within 8 weeks.

In our study, at 4 weeks, 78% of the patients meet matura-
tion criteria, and delayed maturation was noted in 22% of
patients, who attained functional maturation after eight
weeks. The overall cumulative successful maturation rate
was 84%. Our results are slightly higher than several other
studies (9, 17).

In our study, 7 fistulas failed to mature, out of which
3 patients had events of hypotension during dialysis
through another access, 2 patients had thrombus at AVF
site, 1 patient had stenosis in the outflow vein, and 1 was
failed immediately after surgery.

The impact of gender on the outcome of AVF is cur-
rently the subject of many studies. Some authors con-
cluded that female gender is an independent risk factor for
a positive outcome of AVF (2, 15, 18). Our study also found
that female gender has higher rates of failure than male
gender (P = 0.03). There is a great variation in defining the
minimum RAd for successful outcome of wrist. Like, some
authors recommend a diameter of 1.5 mm (9, 10), others 1.6
mm (11), whereas other authors suggest the limit of > 2.1
mm (12). However, the size of the feeding artery supplying
blood to the AVF definitely contributes to a favorable out-
come. Silva et al. reported only 8.3% of primary AVF failure
when RAd and CVd of > 2 mm and > 2.5 mm taken as crite-
ria (8). Whilst Lockhart et al. obtained a significantly lower
rate of successful AVF -36% with the same criteria (19). In
our study RAd > 1.6 mm showed better success rate, which
was statistically significant (95% CI 1.39 to 35.98, P = 0.01).

For vein diameter, some authors found out higher AVF
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success rates in patients with > 2 mm veins (20), while oth-
ers reported a marginal diameter of 2.6 mm, but only in
women (21). Though the vein’s internal diameter is not al-
ways taken as an influencing factor for the outcome of AVF,
some authors concluded all AVFs with the vein diameters <
1.6 mm were unsuccessful (11). The results of our study did
not confirm the effect of CVd on AVF outcomes.

These differences suggest that vascular diameter is a
critical but not the sole determinant for AVF maturation,
which points towards other significant factors like blood
vessels’ functional characteristics that might be affecting
AVF maturation (9). In addition, vein distensibility (VD) is
also an important parameter for predicting AVF outcome
(9, 22, 23). After anastomosing the vein to an artery, it
leads to increased blood flow, causing subsequent dilata-
tion. The dilatation of the vein depends on wall character-
istics, which can be affected by several factors like inflam-
mation or previous punctures in the wall. Various methods
have been evaluated for vein distensibility test like warm
water (24), compression over the proximal vein (6), and
supine position (25). Kim et al. evaluated change in vein di-
ameter after tourniquet application and found that there
was a 7.4 times higher chance of successful AVF maturation
when diameter increased by > 0.35 mm (23). The results
of our study indicated that VD > 0.4 mm is an important
factor for the prediction of successful AVF maturation (P =
0.001).

Patients with VD > 0.4 mm had a six-fold higher like-
lihood of a successful outcome (OR of 6.00, P = 0.001).
Our results are consistent with earlier findings suggesting
that VD is a significant factor affecting the outcome of AVF
(4, 9, 22). In our study, VD was expressed in millimeters,
whereas other authors expressed VD as a percentage (9) or
as mL/mmHg (26).

Our method of accessing venous distensibility also dif-
fers from that of Kim et al. (23). It can be used in small cen-
ters as it is easily feasible, easily reproducible, and does not
require additional apparatus or contrast exposure.

The majority of AV fistula fail due to low flow through
the fistula, which may contribute in thrombus formation
in the presence of an intimal injury. Low fistula blood flow
due to arterial spasm and venous spasm around the edge
of dissection is thought to be the main cause of low flow
through AVF. In this situation, increased transit time in
the presence of an intimal injury may easily evoke throm-
bosis of the anastomosis. By applying local anesthetics,
we can achieve venous dilatation, whereas papaverine hy-
drochloride has a rapid effect on both the artery and vein,
which in turn helps in preventing thrombus formation.
A few studies in the literature have shown the use of pa-
paverine for successful AVF outcomes (27, 28). We did not
use LMWH for any patients included in our study, which

helped in reducing the overall cost. Using papaverine, we
can eliminate the need for LMHW with almost similar or
better outcomes. Nonetheless, it is difficult to conclude
based on our study as there was no control group in our
study and our study population was small (n = 50). Further-
more, we evaluated only immediate outcomes and not the
long-term survival of AVF. Thus, further randomized stud-
ies with longer follow-ups are warranted to define the exact
role of papaverine in successful outcomes of AV fistula.

4.1. Conclusion

In sum, vein distensibility (> 0.4 mm) and radial artery
diameter (> 1.6 mm) are key factors in predicting success-
ful AVF maturation. Most RCAVFs meet maturation crite-
ria after four weeks and some after eight weeks. Female
gender has a high failure rate as compared to male gender.
In our study, the rate of functional maturation was higher
than in other studies, which could be due to the intraoper-
ative use of papaverine (vasodilatory effect helping in early
maturation). As papaverine has a safe pharmacologic pro-
file, it is safe to use locally. Considering its safety profile in
addition to low cost and ease of application, it can be con-
sidered a potential drug for the improved maturation rate
of AVF surgery. However, further studies with larger sam-
ple sizes are needed to evaluate the effects of local papaver-
ine on AVF maturation in ESRD patients.
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