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Predictive Value of 1-Week Postoperative
Ultrasonography Findings for the Patency
Rate of Arteriovenous Fistula
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Introduction: Most guidelines in different countries recommend waiting more than 2 weeks for the initial
cannulation of an arteriovenous fistula (AVF) after its creation. Although an experienced examiner can
subjectively determine if an AVF is ready for early cannulation, there is a lack of objective information to
guide whether early cannulation is appropriate or how early cannulation may affect an AVF's primary
patency. The current study examined the relationship between the initial cannulation and the prognosis of
AVF, considering ultrasonography (US) findings.

Methods: This retrospective observational study enrolled 103 patients with end-stage renal disease who
had started hemodialysis therapy from 2013 to 2015 at the Juntendo University Hospital. All patients had
been given a primary AVF before or after the initiation of dialysis, had undergone US examinations both
before and 7 days after surgery, had initially cannulated the AVF at =7 days after surgery, and were
observed for over 1 year.

Results: The factor associated with the loss of primary patency was a resistance index of brachial
artery =0.65 on US examination at 7 days after surgery. There was no significant difference in patency rate
between the early (within 14 days after surgery) and late initial cannulation groups (=15 days after
surgery).

Conclusion: Because a resistance index <0.65 on US findings at 7 days after surgery was a good indicator
for predicting an excellent patency rate when we performed first cannulation of AVF located in the forearm
within 2 weeks after its creation, 1-week postoperative US evaluation may provide crucial information.
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he number of patients with end-stage renal disease
T (ESRD) is increasing worldwide." * Thomas
et al.” reported that the global prevalence of mainte-
nance dialysis has increased 1.7-fold from 165 in
1990 to 284 patients per million population in
2010. In Japan, the number of dialysis patients is
increasing with each passing year. At the end of
2017, there were approximately 334,000 dialysis pa-
tients, an increase of more than 4800 relative to the
previous year. Vascular access (VA) is necessary for
patients on maintenance hemodialysis (HD), and
maintenance of adequate VA for HD is a major issue
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for preserving the quality of life of ESRD patients.
The native arteriovenous fistula (AVF) is the most
common form of VA.” The proportion of AVFE in
VA is approximately 90% in Japan, which is consid-
erably higher than that in Europe and the United
States.” The Japanese Society for Dialysis Therapy
guideline’ recommends that initial cannulation of a
primary AVF should be performed at 2 weeks or
more after surgery. The Kidney Disease Outcomes
Quality Initiative guideline’ recommends that when
the vein diameter is >0.4 cm, the vein has a flow
rate of >500 ml/min, and at least 1 month has
elapsed since fistula creation, a trial cannulation can
be performed. In the Dialysis Outcomes and Practice
Patterns Study,” AVFs that were cannulated within
14 days of creation had a 2.27-fold increased risk
for VA failure compared with those that were cannu-
lated at 43-84 days after its creation.
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However, on the basis of the data of the Dialysis
Outcomes and Practice Patterns Study, Saran et al’
observed that earlier cannulation of a newly placed
VA for HD was not associated with an increased risk
for VA failure. Ren et al.'’ further reported that the
patency rates after early use of autogenous forearm
AVFs were not inferior to those previously reported in
the literature. Therefore, some reports do not recom-
mend avoiding early cannulation of AVEF.

We previously reported the usefulness of preopera-
tive vascular ultrasonography (US) examinations
because the findings may be associated with the
patency rate of AVE.'' Oprea et al.'” reported that
preoperative US findings were related to a successful
AVF maturation rate. According to a report by Gyori
et al.,"’ because patients who underwent preoperative
duplex US showed higher patency rates and needed
fewer revisions, standard preoperative US examination
is a readily available tool that is used to improve the
outcomes and cost-effectiveness in AVF surgery.
Similarly, there have been some reports describing the
usefulness of preoperative US examinations. On the
other hand, the usefulness of postoperative US exami-
nations has also been reported. Wong et al.'" revealed
that most of the increase in fistula diameter and blood
flow occurs within the first 2 weeks after surgery.
According to the report by Robbin et al.,'’” US mea-
surements at 2 weeks after surgery might be useful for
the early identification of fistulas that are unlikely to
develop optimally. Thus, primary AVFs may mature at
2 weeks after surgery. Although these reports
described the relationship between postoperative US
examinations and maturation of AVF, there have been
no reports about the usefulness of postoperative US to
determine the timing of initial cannulation of AVF.
Indeed, early cannulation within 2 weeks after surgery
has been widely performed empirically. Because of the
lack of specific evaluation methods for examining AVF
maturity or allowing the use of AVF, a physical ex-
amination (palpation and auscultation) is currently
employed to determine whether the AVF can be used.
Accordingly, this study evaluated whether post-
operative US findings could be used to guide the timing
of the initial cannulation. We further investigated the
relationship between the timing of initial cannulation
and the patency rate of AVF.

METHODS

We conducted a retrospective cohort study to examine
the impact of early cannulation of AVFs on the patency
rate and the usefulness of US examination in guiding
the timing of cannulation. All procedures performed in
this study involving human participants were in
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accordance with the ethical standards of the institu-
tional or national research committee and with the 1964
Declaration of Helsinki and its later amendments or
comparable ethical standards. The study protocol was
approved by the Ethics Committee of Juntendo University
Hospital, Tokyo, Japan (approval no. 17-122). Informed
consent was obtained in a manner approved by the ethics
committee from all individual participants included in this
study. This study is registered in the Japanese clinical
trials registry of University hospital Medical Information
Network (UMIN; no. UMIN000037871).

The primary end point of this study was the 1-year
primary patency rate. In accordance with the method
in a prior study,'® we defined primary patency as the
state of no invention designed to maintain or reestab-
lish patency and the absence of access thrombosis.

Patients

Inclusion criteria for our study were the initiation of
HD therapy from September 2013 to August 2015 at the
Juntendo University Hospital, Tokyo, Japan, and the
creation of a primary AVF before or after HD initiation
(n = 138 patients). Exclusion criteria were immediate
patency loss of AVF or early thrombosis within 7 days
(n = 21 patients); patients who were lost to follow-up
(» = 13); and death within 1 year (n = 1 patient). A
total of 103 Japanese patients with ESRD were enrolled
in this study, with 103 forearm AVFs (98 forearm
radiocephalic fistulae, 4 snuffbox fistulae, and 1 ulno-
basilic fistula).

Preoperative Assessment

All patients enrolled in this study underwent physical
and US examinations by nephrologists who performed
the AVF surgery. The vessels were considered suitable
for AVF creation if an arterial pulse was found in both
the elbow and wrist upon physical and US examina-
tions, and if the veins, including superficial veins, were
widely patent using a tourniquet upon US examina-
tion. We performed US examination based on a stan-
dardized protocol using the LOGIQ e ultrasound system
(GE Healthcare Japan, Tokyo, Japan) and a 5- to 13-
MHz linear transducer (12L-RS, GE Healthcare) with
patients in the recumbent position. After the applica-
tion of a tourniquet, superficial veins were followed in
cross-section with B-mode from the mid-upper arm to
the wrist with intermittent vein compression. The ce-
phalic vein (CV) was scanned from the mid-upper arm
to the wrist, and the basilic vein (BV) was scanned from
the elbow level to its drainage into the deep brachial
veins. Internal diameters and vein depths were
measured at the presumptive region of anastomosis.
The arterial scan followed the vasculature from the
brachial artery (BA) at the elbow to the radial artery
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(RA) or ulnar artery (UA) at the wrist in B-mode. The
internal diameters and depths of the RA or UA were
measured at the presumptive region of anastomosis,
whereas they were measured at the elbow for the BA.
Longitudinal color flow images were obtained from the
BA at the elbow to the RA or UA at the wrist. Wave-
forms were recorded from a small sampling volume
placed in the central flow stream at attempted angles of
60° relative to the vessel walls of the artery. Velocity
sampling was performed at the RA or UA in the pre-
sumptive region of anastomosis and at the BA in the
elbow by pulse Doppler mode.

Surgical Technique

The operation was performed under local anesthesia
with 1% lidocaine containing 0.001% epinephrine. A
shallow angle incision was made. Both the CV (or BV)
and the RA (or UA) were isolated as distally as possible
on the forearm or snuffbox. The CV (or BV) was dilated
by injection of heparinized saline. The end of the CV
(or BV) was ligated, and the sidewall of the CV (or BV)
was anastomosed to the sidewall of the RA (or UA)
using 6-0 polypropylene in a smooth loop configuration
with a diameter of 6 mm. Suturing was initiated with
posterior sutures, followed by anterior sutures. It was
performed sufficiently without twist or flexion, which
could cause an increased resistance index (RI). Upon
confirming that the spasm had occurred, we injected
heparin intravenously and massaged the anastomosis.
The operators did not use a microscope during the
surgery. No patient had an early artery angioplasty.

Postoperative Care and Assessment
No anticoagulation or antiplatelet was used to open the
AVF after its creation. No specific exercise to encourage
the maturity of AVF was uniformly instructed,
although patients may have exercised arbitrarily;
however, there is no information regarding this aspect.
At 7 days after surgery, the operator performed US
examination using the same equipment as that used for
the preoperative examination. The BA blood flow (BA-
flow) was measured in the same manner as in the pre-
operative examination. We measured the RI in the BA
by using the formula: RI = (A — B) / A, where A =
peak systolic velocity and B = end diastolic velocity.

Cannulation

Initial cannulation of the AVF was performed by the
nephrologists who performed the operation. The vein
near the elbow was chosen for cannulation in patients
who exhibited a well-dilated vein. If the vein was not
dilated, we waited more than 2 weeks for AVF matu-
ration. Plastic cannulae (17 gauge) were used in the HD
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Table 1. Patient characteristics®

Characteristics Total (n = 103)

Age af AVF surgery, yr 65.5 + 156.1 (20-93)

Sex (% male [ratio of male to female]) 71.8 (74:29)

Etiology of end-stage renal disease (% DM [ratio of 31.1 (32:71)
DM to non-DM])

AVF creation affer dialysis initiation (% affer [ratio of 38.8 (40:63)

after to before])
Body height, m
Body weight, kg
Body surface area, m?
Period of surgery to first cannulation, d
Patency time, d

1.62 £ 0.1 (1.35-1.82)
62.7 + 14.4 (36.1-109.3)
1.66 = 0.21 (1.17-2.28)

25.2 4+ 46.90 (7-336)
293.1 + 120.4 (14-365)

AVF, arteriovenous fistula; DM, diabetes mellitus.
?Data are presented as mean & SD (range) unless otherwise stated.

cannulation. We encountered no severe cannulation
injury that could require repair surgery.

Arteriovenous Fistula Follow-Up

We contacted the satellite dialysis clinics where the
patients were attending once by telephone and mail.
We obtained information regarding patency loss of
AVF, including the date of first access thrombosis or
any intervention to maintain or restore blood flow, as
well as mortality or kidney transplant. The response
rate for information was 88.9%.

Statistical Analysis

We estimated the patency rate using Kaplan—Meier
analysis. The difference in patency rates between the
2 groups was examined using a log-rank test. Univar-
iate and multivariate analyses of AVF survival were
performed using the Cox proportional hazards model.
Data are expressed as mean = SD. P < 0.05 was
considered statistically significant. All statistical ana-
lyses were performed using the Windows version of
JMP software (version 12, SAS Institute, Inc., Cary,
NC).

RESULTS

Characteristics of Enrolled Patients

In total, 103 patients (including 29 women) were
enrolled in this study. Patient characteristics are shown
in Table 1. Average age at the time of AVF creation was
65.5 &= 15.1 years; 31% of patients had ESRD caused by
diabetic nephropathy. Patients had been given AVF
before (61%) and after (39%) dialysis initiation. The
timing of initial cannulation was 7-336 days after
surgery, including those who were observed for a
while without dialysis after AVF creation. Average
patency term was 293.1 + 120.4 days.
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Table 2. Ultrasonography findings®
Measurement Findings

Preoperative findings
Diameter of cephalic vein or basilic vein, mm
Diameter of RA or UA, mm
Blood flow of RA or UA, mI/min
Blood flow of BA, mI/min
7-d postoperative findings
Blood flow of BA, ml/min
Resistance index

2.69 £ 0.70 (1.6-6.2)

2.46 + 0.46 (1.6-3.65)
21.22 + 15.40 (2.42-100.41)
77.75 + 40.67 (13.45-219.77)

645.1 + 290.0 (214-1442.7)
0.550 + 0.107 (0.32-0.82)

BA, brachial artery; RA, radial artery; UA, ulnar artery.
®Data are presented as mean 4 SD (range). One patient had a basilic vein, not a ce-
phalic vein, and UA, not RA.

Ultrasonography Findings
The US findings are shown in Table 2, including
average artery or vein internal diameter at the pre-
sumptive region of anastomosis, as well as average
arterial blood flow at the presumptive region of anas-
tomosis and average BA-flow.

For the 7-day postoperative US findings, average BA-
flow was 645.1 &= 290.0 ml/min (range, 214-1442.7 ml/
min) and average RI was 0.550 4= 0.107 (range, 0.32-0.82).

Primary Patency Rate and Associated Factors

The primary patency rate at 1 year after surgery among
all AVFs was 69.9% (Figure 1). Factors associated with
the first patency loss of AVF within 1 year and each
hazard ratio (HR) are shown in Table 3. Univariate
analysis showed that patients aged =75 years had a
higher risk than patients aged <75 years (HR = 2.15;
95% confidence interval [CI], 1.05-4.37; P = 0.04) and
that the risk increased with age (HR = 1.03; 95% CI,
1.01-1.06; P = 0.02). The BA-flow and RI in US find-
ings at 1 week after surgery were also associated with
the risk for patency loss of AVE. A high RI (RI = 0.65)
was associated with a 3.17-fold higher risk for patency
loss of AVF compared with a low RI (RI < 0.65) (HR =
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Figure 1. One-year primary patency rates of all included patients
(69.9%; n = 103).

0%0

3.17; 95% CI, 1.46-6.50; P = 0.005). The AVF created
after the initiation of HD was not associated with the
risk for patency loss of AVF compared with the AVF
created before the initiation of HD (HR = 0.75; 95% CI,
0.34-1.56; P = 0.45). In multivariate analysis, a high RI
(RI = 0.65) had a 3.01-fold higher risk for patency loss
of AVF compared with a low RI (RI < 0.65) (HR = 3.01;
95% CI, 1.28-6.97; P = 0.01).

We divided all patients into 2 groups: early cannu-
lation (77 patients who had initial cannulation within
14 days after surgery) and late cannulation (26 patients
who had initial cannulation =15 days after surgery).
Kaplan—Meier analysis showed no significant difference
between groups in the primary patency rate (Figure 2).
In the early cannulation group, the primary patency
rate in patients with a high BA-flow (=400 ml/min) was
significantly higher than that in patients with a low
BA-flow (<400 ml/min) (77.8% vs. 42.9%; P = 0.001)
(Figure 3a). In the late cannulation group, there was no
significant difference in the primary patency rate as a
result of the BA-flow (Figure 3b). In the early

Table 3. Factors associated with patency loss of arteriovenous fistula®

Univariate analysis Multivariate analysis

Parameters HR (95% Cl) P HR (95% Cl) P
Age (per 1-yr increase) 1.03 (1.01-1.06) 0.02° 1.02 (1.00-1.05) 0.08
Female (vs. male) 1.27 (0.57-2.63) 0.54 1.21 (0.51-2.65) 0.65
DM (vs. without DM) 0.89 (0.39-1.88) 0.77 0.75 (0.31-1.70) 0.51
Resistance index at 1 wk affer surgery of =0.65 (vs. <0.65) 3.17 (1.46-6.50) 0.005° 3.01 (1.28-6.97) 0.01°
BA-flow at 1 wk affer surgery of <400 ml/min (vs. =400 ml/min) 2.02 (0.93-4.14) 0.07 1.66 (0.63-3.74) 0.33
Period from surgery fo initial cannulation of <14 d (vs. =15 d) 0.86 (0.41-1.98) 0.71 1.41 (0.59-3.71) 0.45
Body surface area (per 0.1-m? increase) 0.90 (0.76-1.07) 0.23

Diameter of RA < 2.0 mm (vs. = 2.0 mm) 0.51 (0.08-1.68) 0.30

Diameter of cephalic vein < 3.0 mm (vs. = 3.0 mm) 1.82 (0.80-4.91) 0.16

RA-flow before operation (per 1-ml/min increase) 1.00 (0.97-1.02) 0.69

BA-flow before operation (per 1-ml/min increase) 1.00 (0.99-1.01) 0.45

Arteriovenous fistula creation affer dialysis initiation (vs. before) 0.75 (0.34-1.56) 0.45

Cl, confidence interval; DM, diabetes mellitus; HR, hazard ratio; RA, radial artery; BA, brachial artery.
#0ne patient had a basilic vein, not a cephalic vein, and an ulnar artery, not an RA.
P < 0.05.
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Figure 2. Comparison of primary patency rates between early and
late cannulation groups. There was no significant difference in the
primary patency rate between the early cannulation group (solid
line; n = 77) and the late cannulation group (dotted line; n = 26) (P =
0.71). The early cannulation group underwent initial cannulation
within 14 days after surgery and the late cannulation group under-
went initial cannulation at =15 days after surgery.

cannulation group, the primary patency rate in patients
with a low RI (RI < 0.65) was significantly higher than
that in patients with a high RI (RI = 0.65) (77.3% vs.
36.4%; P < 0.001) (Figure 4a). There was no significant
difference in the primary patency rate as a result of RI
in the late cannulation group (Figure 4b). Neither the
early nor the late group had severe complications such
as injury, hematoma, or infection.

DISCUSSION

The 1-year primary patency rate of AVFs was 62% in a
recent meta-analysis'’ and 64% in our report.'
Therefore, the result of approximately 70% in the
current study was considered high. The current study
revealed that the factor associated with patency loss of
AVF in the first year was the US findings at 1 week
after surgery. To the best of our knowledge, this is the
first report describing the effect of US findings at 1
week after AVF creation on both the primary patency
rate and the timing of initial AVF. Our multivariate
analysis showed that the patency rate of patients with
an RI < 0.65 at 1 week after surgery is a good indicator
for the future patency rate.

Several reports have shown that aging and diabetes
mellitus (DM) may affect patency rates. In a meta-
analysis by McGrogan et al.,'® primary AVF patency
rates were 53.6% in 1889 AVFs among patients with a
mean age of 76 years. Hwang et al.'’ reported that in
patients aged =70 years, the outcomes after AVF sur-
gery were inferior to those of patients aged <70 years
(i.e., primary success and primary patency rates were
lower). We also reported that the patency rate was
significantly lower in patients aged =75 years and in
patients with DM."’ Indeed, a meta-analysis by Yan
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et al.”’ revealed a significantly higher rate of AVE
failure in diabetic patients compared with nondiabetic
patients. Conversely, Okamuro et al.”! reported that
DM was not significantly associated with increased
radiocephalic AVF failure. Consistent with this report,
we failed to find a relationship between DM and the
AVF patency rate. Considering that 42% of ESRD pa-
tients who had initiated dialysis in Japan in 2016 had
DM,” the lower rate of DM patients (31%) in the
current study may have influenced our findings.

The RI is typically a measure of vessel compliance.
Its value can be influenced by the arterial structure,
which is supposed to reflect the age or primary disease
of patients, the condition of veins, such as twist or
flexion, or the position along the vessel or the angle at
which the RI is measured. It is obvious that the BA
with a forearm AVF has an RI higher than that of the
upper-arm AVF because, in general, the distal blood
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Figure 3. Kaplan—Meier curves of the relationship between the
brachial artery blood flow (BA-flow) at 7 days after surgery and the
patency rate in the early or late cannulation groups. (a) In the early
cannulation group, patients with a BA-flow of =400 ml/min (solid
line; n = 63) had a significantly higher patency rate than patients
with a BA-flow of <400 ml/min (dotted line; n = 14) (P = 0.001*). (b)
In the late cannulation group, BA-flow did not affect the patency
rate (patients with a BA-flow of =400 ml/min: solid line, n = 15;
patients with a BA-flow of <400 ml/min: dotted line, n = 11) (P =
0.39).
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Figure 4. Kaplan—-Meier curves of the relationship between the
resistance index (RI) at 7 days after surgery and the patency rate in
the early or late cannulation groups. (a) In the early cannulation
group, patients with an Rl of <0.65 (solid line; n = 66) had a
significantly higher patency rate than did patients with an RI
of =0.65 (dotted line; n = 11) (P < 0.001%). (b) In the late cannulation
group, Rl did not affect the patency rate (patients with an Rl
of <0.65: solid line, n = 18; patients with an Rl of =0.65: dotted line,
n=8) (P =0.36).

vessels have less blood flow and their diameter becomes
narrower. In this study, all patients were given an AVF
of anastomosis size of 6 mm located in the forearm. It
was well-confirmed that there was no twist or flexion
in surgery. Resistance index measurements were per-
formed by the operator of the AVF, and at least 2 ne-
phrologists attended to confirm the results. Therefore,
in this study, RI can be assumed to have been measured
under the same conditions. Because the patient’s age
may influence RI, age was adjusted by multivariate
analysis in this study.

There was no significant difference in patency rate
between early initial cannulation (within 14 days after
AVF creation) and late initial cannulation (=15 days
after AVF creation). However, early cannulation may
not be suitable for all patients. Although the patency
rate was good in patients with good US findings at 1
week after surgery (i.e., with a BA-flow =400 ml/min
or an RI <0.65) in the early cannulation group, there

Kidney International Reports (2020) 5, 1746-1752

CLINICAL RESEARCH

was no relationship between US findings at 1 week
after surgery and the patency rate in the late cannu-
lation group. This group included patients from a va-
riety of backgrounds, such as those whose AVF was
judged as being immature in the US examination or for
whom HD was not initiated immediately after AVF
creation. There was no information about the condition
of AVF at the time of initial cannulation. Therefore, US
examination at 1 week after surgery is useful for pre-
dicting patency loss of AVF in the first year for patients
who had been considered for early cannulation.
Japanese VA practice has some unique characteris-
tics. Since before the onset of the Fistula First Initia-
tive’” in Japan, 90% of HD patients had an AVF as the
vascular access, 90% of which were located in the
forearm. Upper-arm AVFs may reflect patients with
poor vasculature. It has been reported that mean in-
tervals until initial cannulation after AVF surgery are
25 days in Japan, 27 days in Italy, 42 days in Germany,
80 days in Spain, 86 days in France, 96 days in the
United Kingdom, and 98 days in the United States.”
The period in Japan is considerably shorter than that
in many other countries. Nevertheless, AVFs in Japan
have a higher primary patency rate. We consider that a
lower median blood flow rate (BFR) (at least 200 ml/
min) and longer treatment time (at least 240 min) while
maintaining Kt/tv (1.4 or higher), both of which are
dialysis prescriptions recommended by the Japanese
Society for Dialysis Therapy,”" and the surgical tech-
nique of Japanese physicians also may be the reasons of
the higher successful use of AVF. Actually, the BFR at
the time of initial HD is 160 ml/min in Japan, 200-265
ml/min in European countries, and 300 ml/min in the
United States.” The BFR prescribed for the first dialysis
was the highest in the United States, which had the
longest median time between creation and first can-
nulation. Therefore, the difference in initial BFR may
suggest a difference in the period. Incidentally, it was
reported that a higher machine BFR in the first week of
dialysis is associated with reduced AVF survival.”’
There were some limitations to this study. First, the
study may have been influenced by the practice’s be-
ing unique to Japan. Because all patients had forearm
AVF and the anastomosis diameter of AVF was the same
(i.e., 6 mm), it was almost unnecessary to consider the
difference in the conditions of RI measurement. How-
ever, whether this study’s findings hold true in other
geographical areas or with AVF in the upper arm is
unknown. Second, we could not perform sufficient
follow-up for 13 patients. Third, this was a retrospec-
tive observational study with a small sample whose
AVF was located in only the forearm. It was from a
single-center in which rates of diabetic nephrology
were lower than those among dialysis patients in
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Japan. Further long-term observational or prospective
studies are needed to confirm our findings.

Ultrasound findings at 1 week after surgery have
important information. An RI of <0.65 could be a good
indicator for predicting an excellent patency rate if first
cannulation of AVF is to be performed within 14 days.
However, we acknowledge that further study is needed
to confirm the findings of this study.
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