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ABSTRACT

Introduction: Stenoses in the path of arteriovenous fistulas (AVF) for hemodialysis are a very prevalent problem
and there is long experience in their treatment by percutaneous angioplasty (PTA). These procedures, however, involve
non-negligible equipment requirements, exposure to radiation and intravenous contrast that are not beneficial for the
patient and make their performance more complex. This study reviews our initial experience with Doppler ultra-
sound-guided angioplasty. Methods: Prospective cohort of patients with native AVF dysfunction due to significant ve-
nous stenosis treated by Doppler echo-guided PTA. AVF puncture, lesion catheterization, balloon localization and infla-
tion, and outcome verification were performed under ultrasound guidance. Only one fistulography was
performed before and another one after dilatation. As a control, the cases performed during the same period by the usual
angiographic method were also collected. Results: Between February 2015 and September 2018, 51 PTAs were per-
formed on native AVF, of which 27 were echogenic (mean age, 65.3 years; 63% male). The technical success rate was
96%. In 26% of cases, PTA was repeated due to residual stenosis after angiographic imaging. There were 7.3% peripro-
cedural complications. 92% of the AVFs were punctured at 24 hours. Primary patency at 1 month, 6 months and 1 year
was 100%, 64.8% and 43.6%, and assisted patency was 100%, 87.2% and 74.8%. There were no significant differences
in immediate or late results with respect to angiographically guided AVF angioplasty. Conclusions: AVF-PTA can be
performed safely and effectively guided by Doppler ultrasound, which simplifies the logistics required for its perfor-
mance, although we still need to improve the capacity for early verification of the result with this imaging technique.
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1. Introduction

Stenoses in the path of arteriovenous fistulas (AVF) for hemodial-
ysis (HD) are a very prevalent problem. They occur significantly in up
to 42% of native AVFs™™. There is long experience in their treat-
ment by percutaneous angioplasty, a procedure that, however, involves
not insignificant needs for processing, exposure to radiation and intra-
venous contrast that are not beneficial for the patient and make it more
complex to perform.

The most recent guidelines®* recommend Doppler ultrasound as
the imaging examination of first choice to indicate elective treatment in
the presence of any suspicion of significant stenosis. In these guidelines,
angioplasty is also recommended for treatment of stenosis of the native
AVF venous pathway, as it is less invasive than surgery. Taking these
recommendations into account, it is logical to think that, if the diagnos-
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tic option can be combined with the therapeutic op-
tion of choice, we could provide a benefit to the
technique, as has already been described in the
medical literature written by Bacchini et al.l,
Wakabayashi et al.”! and Leskovar et al.[”.

The aim of this study was to evaluate our ini-
tial experience in native AVF angioplasty guided by
Doppler ultrasound.

2. Patients and methods

Prospective cohort of patients undergoing na-
tive AVF angioplasty guided by Doppler ultrasound
and angiography (ECO Group). Angioplasties in
prosthetic accesses and central veins were excluded.
Data were also collected from the cohort of patients
who underwent the technique exclusively by angi-
ography (RX group) in the same period as a control
group to compare safety and efficacy. Assignment
of patients to one or the other treatment group was
not randomized, but the surgeon decided in each
case the type of technique to be performed accord-
ing to the type of lesion, its visualization by Dop-
pler ultrasound and the availability of ultrasound
equipment in the operating room.

Demographic variables (age, sex), clinical his-
tory (diabetes mellitus, arterial hypertension),
nephrological data (active HD or predialysis, degree
of urgency) and characteristics of the AVF were
assessed: type of AVF (radiocephalic, humer-
us-cephalic or humerus-basilic), laterality, date of
performance and location of the stenosis (jux-
ta-anastomotic or in the vein pathway).

The diagnosis of stenosis and the decision on
the type of intervention were based on clinical as-
sessment and preoperative Doppler ultrasound. The
ultrasound examination was performed using a 7—
11 MHz linear transducer and Loglg S7 Expert
equipment (General Electric Healthcare, United
States). Suspected hemodynamically significant
stenosis was considered to exist at a point in the
AVF if any of the following conditions were met: (1)
a peak systolic velocity ratio greater than 3 between
the point of maximum acceleration and the proxi-
mal normal vessel; (2) a decrease in diameter <50%
in B-mode and aliasing by turbulence in color mode
at that point; and (3) an AVF flow Qa < 500 ml/min
calculated by echo-Doppler.

The intervention was performed on an outpa-
tient basis and under local anesthesia. A 5F intro-
ducer, 0.035 hydrophilic guidewire and Oceanus
(iVascular, Spain) or Advance (Cook Medical,
United States) simple angioplasty balloons with
inflation pressures of up to 22 atm were used. In the
cases performed in an ultrasound-guided manner,
the puncture technique, lesion catheterization,
measurement, balloon placement and angioplasty
were performed by echo-Doppler, using a 6-15
MHz linear transducer and SlI equipment (Sonosite,
United States). A previous fistulography with io-
dinated contrast (once the lesion was catheterized)
and another after angioplasty were performed to
confirm stenosis and final verification. Technical
success was considered to be resolution of the le-
sion or a residual stenosis <30%. Intervention times
and the dose of iodinated contrast agent used were
recorded.

Post-procedure controls were performed clini-
cally. Those patients in whom dysfunctional AVF
was detected were evaluated by ultrasound. During
follow-up, the first puncture date, patency, use for
HD, reinterventions and the need for new vascular
access (VA) were recorded.

Statistical analysis was performed using SPSS
version 22 software. The mean was used for de-
scriptive analysis, the standard deviation (SD) for
quantitative variables, and the frequency and per-
centages for qualitative variables. Comparison be-
tween quantitative variables was performed using
the Student’s t-test and between qualitative varia-
bles, the chi-square test. Permeability analysis was
performed using Kaplan-Meier survival curves and
their comparison by means of the Log-Rank and
Breslow tests. Multivariate analysis was performed
using Cox regression.

3. Results

Of the 51 angioplasties performed on native
AVF between February 2015 and September 2018,
27 were guided by echo Doppler (ECO Group): 21
were first interventions and 6, restenosis. The re-
maining 24 angioplasties were performed exclu-
sively by angiographic control (RX Group).
The baseline characteristics of the patients who un-
derwent surgery with ultrasound control are de-
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scribed in Table 1, with no significant differences
compared to those who underwent surgery with an-
giographic control only.

Table 1. Patient’s baseline characteristics

ECO group RX group

(n = 27) (n = 24) P
Age* 65.3 (14.7)* 71.4 (13.7)* 0.309
Gender (male) 17 (63%) 14 (58%) 0.453
Arterial hyperten- 19 (79%) 22 (91%) 0.283
sion
Diabetes mellitus 14 (52%) 13 (54%) 0.618
Predialysis 3 (11%) 5 (21%) 0.139

*: Mean (standard deviation).

The type of VA operated on in the ECO group
was 8 radiocephalic AVFs (30%), 16 humeromedi-
al/cephalic (59%) and 3 humero-basilic (11%); the
right arm was 59%. The location of the lesion was
juxtanastomotic in 16 cases (59%) and in the vein
tract, in 11 (41%). No significant differences were
observed in relation to those intervened only with
angiographic control.

Regarding the administered dose of iodinated
contrast, a mean of 23 ml (SD = 7.888) was used in
the ECO Group, while in the RX Group it was 42
ml (SD = 19.497), a statistically significant differ-
ence (p < 0.001). The mean intervention time in the
ECO Group was 51 minutes (SD = 21.975), and in
the RX Group, 57 (SD = 41.369), these differences

not being significant (p = 0.5015).

Regarding the immediate results of the ultra-
sound-guided angioplasties, the technical success
rate was 96% (in one patient with double stenosis,
only one stenosis was successfully closed). In 7
cases (26%), angioplasty was repeated with a larger
caliber balloon when an image of residual stenosis
was observed in the angiographic check. The mean
diameter of the balloon used was 5.13 mm. 92% of
the AVFs could be punctured for HD on the same
day or at 24 h, 1 was delayed to 8 days and 1 case
was not punctured immediately because the patient
was not yet in the HD program.

2 patients (7.4%) presented immediate com-
plications: 1 rupture of the angioplasty vessel,
which was corrected by implantation of a covered
stent (Viabhan, 5 x50 mm) and 1 hematoma at the
puncture site that was resolved conservatively. Ac-
cess patency was maintained in both cases. The
mean AVF flow rate (Qa) measured on pre-Doppler
echo was 433 ml/min (SD = 150), which increased
statistically significantly to 1,154 ml/min (SD = 610)
after the intervention (p = 0.017). The mean fol-
low-up was 392 days. Primary permeability at 1
month, 6 months and 1 year was 100%, 64.8% and
43.6%, respectively (Figure 1).
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Figure 1. Primary patency of angioplasty guided by echo-Doppler (red) and angiography (blue).
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During follow-up, to maintain VA function, 9
patients (33%) required additional interventions: 7
angioplasties for lesion restenosis (in one case on 2
occasions), 1 PTFE interposition in the stenotic
zone, and 1 basilic vein superimposition. As a result,
the rates of assisted patency at 1 month, 6 months
and 1 year were 100%, 87.2% and 74.8% (Figure
2).

Three patients (11%) required a new AV during
the first 6 months after the intervention, due to
thrombosis or non-useful access. Two reanastomo-
ses of the AVF proximal to the treated lesion and
one AV prosthesis were performed. None of the

clinical variables assessed influenced the patency
results in the multivariate Cox regression analysis.
Regarding the results of the 24 native AVF angio-
plasties performed exclusively by angiographic
control (RX group), the primary patency rates at 1
month, 6 months and 1 year were 95.0%, 66.3%
and 59.7%, respectively; and the assisted patency
rates were 95.0%, 78.4% and 71.9%, respectively,
with no significant differences with respect to the
group of echocardiographic angioplasties. There
were also no differences in the intraoperative com-
plication rate (9.7%).
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Figure 2. Angioplasty-assisted patency guided by echo-Doppler (red) and angiography (blue).

4. Discussion

Doppler echo-guided angioplasty is a tech-
nigue that has been described in the medical litera-
ture for years (the first series date back to 2000%),
and has proven to be feasible to apply in vascular
access for hemodialysis given that, due to their an-
atomical characteristics, the vessels of the upper
extremities are easily explorable.

From the technical point of view, it requires
significant practice in the handling and interpreta-
tion of the ultrasound, but with adequate training
the elements of the AVF and the material used in the

technique can be distinguished precisely, which also
facilitates navigation in a territory—the ve-
nous—that is often difficult to interpret by angi-
ography. In addition, it has the advantage of
providing not only anatomical information, but also
hemodynamic information, with which we can have
more data on the correct resolution of the lesion.
This point has been one of the main limitations in
our series, given that the ultrasound scanner availa-
ble in the operating room could not be used to
measure velocities and calculate vessel flow (Qa),
so that angiographic verification of the result was
essential at this stage. Having the appropriate
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equipment is one of the requirements to be able to
perform the technique exclusively with ultrasound,
which would open the door to carrying it out in
spaces other than an operating room or an angio-
radiology room, as long as sterile conditions are
met.

A review of the literature found studies such as
that of Ascher et al.®!, who performed 32 angio-
plasties in 25 patients for immature accesses, with
primary patency rates at 6 months of 53%. Gorin et
al.®! reported a 10% fistula loss after dilatation. But
the most extensive series is that of the Japanese
Masanori Wakabayashi®, who in 2013 reported
4,869 cases with immediate success in 97.1% of
strictures. During the first year of his series, he re-
quired angiographic support in 25% of cases, alt-
hough its use was subsequently anecdotal.

More recently, we found series such as those
of Garc B-Medina et al."® who in 2016 published
189 PTA by ultrasound technigque without the need
for angiographic support in 67.2% of cases and with
a primary patency at one year of 41%. Kumar’s
group™ in 2017 performed 78 angioplasties with a
success rate of 89.7% and a primary patency at one
year of 60.2% and secondary patency of 100%; and
in 2017 Leskovarl”! presented 228 percutaneous
PTA or as an adjunct in open surgical thrombecto-
mies; 46% required a new angioplasty due to reste-
nosis during follow-up.

Compared with the results of our series, pa-
tency and complications did not differ significantly
from those reported in the literature or with the an-
giographic control group, with modest primary pa-
tency at 1 year, but assisted patency improves con-
siderably if proper follow-up of VA is performed. In
the recent GEMAV guidelinest®, primary patency is
cited at around 40-50%"% of the technique per-
formed using the usual angiographic technique, so
that the results of the series guided by Doppler
echocardiography would apparently not be inferior.

Regarding the technical differences with re-
spect to the literature cited, in our series it was es-
sential to verify the result angiographically, given
the technical limitations of the equipment already
mentioned, which did not allow the ultrasound veri-
fication to be performed reliably. The parameters of
velocity and flow Qa are described as necessary, in

addition to the improvement of vessel diameter in
B-mode!®. Multiple studies report the need for an-
giographic support to confirm the result in up to 33%
of the techniques™, but we do not know in our case
how many would have required reconversion if they
had been able to do it in optimal technical condi-
tions. Despite this dependence on angiographic ver-
ification, as expected, the need for iodinated con-
trast was significantly lower with respect to the
X-ray group, and did not increase the time required
for the intervention.

Our study was limited by the small number of
patients and the fact that they were not subject to
randomization, but the main limitation was the de-
pendence on angiographic control, given the tech-
nical impossibility of correct verification of the
technique by means of a Doppler echo with ade-
guate performance. As a result of this limitation, a
quarter of the cases required a new angioplasty with
a larger caliber balloon after the control fistulog-
raphy during the same procedure. The fact that the
final result was conditioned by the angiographic
verification means that the comparison of permea-
bility between techniques loses validity, but we
thought it would be interesting to also reflect the
results of the cases performed with angiographic
control (X-ray group) in order to audit the safety
and ensure that there was no reduction in the quality
of the results offered to the patient.

We conclude, therefore, that angioplasty of
AVF stenosis can be performed safely and effec-
tively guided by Doppler ultrasound, which simpli-
fies the logistics required for its performance, alt-
hough we still need to improve the capacity for
early verification of the result with this imaging
technique.
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