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Cephalic arch stenosis in autologous
hemodialysis fistula; to stent or not to stent?
Long-term follow up
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Abstract

Background: A retrospective study of 44 patients with autologous arteriovenous fistula (AVF) presenting with
cephalic arch stenosis was carried out. The aim is to assess the effectiveness of angioplasty and stenting in cephalic
arch stenosis in autologous AVF in hemodialysis patients and also to assess the outcome of metal stents at this dis-
tinctive anatomical site. All patients were subjected to Doppler examination, where the stenotic lesion and the AVF
flow volume were assessed prior to intervention. The follow-up period reached up to 57 months in some patients.
All patients were under surveillance and were assessed for patency and flow volume. The primary and secondary
stenosis-free rates were calculated. Re-intervention during the follow-up period was recorded.

Results: The technical success rate was 100%. Twenty-six patients had balloon angioplasty. Eighteen patients had
primary and/or secondary stents inserted. The primary patency rate at 6 and 12 months for the balloon angioplasty
group was 80% and 60% and for the stent group was 86% and 71%, respectively. The mean primary patency rate in
balloon angioplasty patients was 12.9 months, while in the primary stented patients was 19.9 months. Twenty-six
patients had secondary intervention. The average secondary patency rate for patients with balloon angioplasty was
25.5 months, while it was 33.6 months in the stented patients.

Conclusion: Cephalic arch angioplasty and stenting is an effective intervention increasing the longevity of the AVF
that is crucial for hemodialysis patients. The use of metal stents whether bare metal stents or covered stents is safe
and adds significant increase in patency rates.
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Background

A well-functioning vascular access is the pre-requisite for
chronic hemodialysis management [1]. An autogenous
arteriovenous fistula is the access of choice for hemodi-
alysis [2].

The cephalic vein is the superior conduit for hemodi-
alysis. It is the outflow vein for radiocephalic and brachi-
ocephalic AVF [3]. The cephalic arch is the final part of
the cephalic vein which passes beneath the clavicle and
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bends sharply piercing the clavipectoral fascia to join the
axillary vein forming the subclavian vein [4, 5].

The cephalic arch region is particularly vulnerable to
stenosis. This vulnerability is believed to be caused by its
anatomic location and by hemodynamic factors [6].

One of the factors is that the cephalic vein of patients
with renal failure shows intimal hyperplasia com-
pared with the cephalic vein in normal subjects [7]. The
cephalic arch has limited ability to dilate to support AVF
blood flow as it passes through the very dense clavipec-
toral fascia, and the failure to dilate in the face of intimal
hyperplasia will result in luminal narrowing and obstruc-
tion to flow [6].
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Other factors include the turbulence and shear stress
related to the curve which may lead to intimal injury that
induces endothelial proliferation, vasoconstriction, and
platelet aggregation. Also, there are at least twice as many
valves in the cephalic arch compared to any portion of
the cephalic vein, and these valves hypertrophy in the
presence of high blood flow reduce the lumen diameter
significantly [4—6].

Endovascular and surgical therapy can be used to treat
cephalic arch stenosis [8]. Percutaneous venoplasty is
considered the standard treatment for dialysis arterio-
venous fistula stenosis associated with access dysfunction
[9]. Although venoplasty of the cephalic arch stenosis
(CAS) is associated with good technical results, pri-
mary patency rates are poorer than in other parts of the
dialysis access circuit. Restenosis in this region is com-
mon, and repeated angioplasty is necessary to maintain
patency. However, even after deployment of bare stents,
patency after stenting of AVF is unsatisfactory due to the
rapid development of in-stent stenosis [10]. The use of
stent grafts in angioplasty for recurrent cephalic arch ste-
nosis significantly improved short-term restenosis rates
and long-term patency [11].

Methods

A retrospective study of 44 consecutive hemodialysis
patients with autologous cephalic AVF presenting with
cephalic (terminal) arch stenosis was carried out over
3 years of period.

Patients were diagnosed with AVF stenosis during sur-
veillance Doppler ultrasound or referred by nephrolo-
gists suspecting malfunctioning fistula. All patients had
a Doppler ultrasound examination to assess patency and
flow volume of the AVE. Visible lumen narrowing on
grayscale ultrasound (30% luminal stenosis or more) and
aliasing on color Doppler at the site of stenosis and/or a
flow volume < 600 ml/min warranted angioplasty.

All procedures were performed under local anesthesia.
Antegrade puncture of the outflow cephalic vein was per-
formed in a standard Seldinger technique, and an intro-
ducer sheath was inserted.

The cephalic arch stenosis was confirmed with venog-
raphy. Then, the stenosis was negotiated with a 0.035-
inch hydrophilic-coated guide wire (Terumo, Tokyo,
Japan) and a diagnostic catheter, followed by the balloon
catheter passed over the guide wire.

The balloon sizes used ranged from 7 to 10 mm
depending on the diameter of the normal vessel adja-
cent to the stenosis. Under pressure control, the balloon
was inflated slowly until the waist disappeared. Gentle
manual compression was done at the puncture site after
removal of the sheath using one finger, followed by apply-
ing a small dressing which is tapped gently to the skin.
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No anticoagulant or antiplatelet medication was given
post-procedure.

When post-balloon angioplasty result is not satisfac-
tory (i.e., residual stenosis>30%), a metallic stent was
inserted. In 10 patients, self-expandable bare metal stent
Misago (Terumo, Tokyo, Japan) was inserted. In four
patients, a Fluency stent-graft (Bard, USA) was inserted;
two 10 mm X 4 cm stents were inserted due to AVF rup-
ture during balloon angioplasty and two 8 mm x4 cm
stents inserted for fear of rupture due to the small size of
the vein.

All patients had a Doppler examination one month
post-procedure, then every three to six months. No
patients were lost for follow-up. The flow volume in the
AVF was recorded on the first follow-up and at 1-year
follow-up.

When re-stenosis was diagnosed during follow-up
Doppler examination, re-intervention was performed.
Twenty-six patients had secondary intervention within
the follow-up period. Eighteen patients had balloon
angioplasty, and 8 patients were stented in the secondary
intervention session; 4 of them had stents in the primary
intervention. Six bare-metal stents and 2 stent-grafts
were used. The stent size ranged from 8 to 12 mm.

Data were fed to the computer and analyzed using
IBM SPSS software package version 20.0. (Armonk, NY:
IBM Corp). The Kolmogorov—-Smirnov test was used
to verify the normality of distribution of variables, and
Mann—-Whitney test was used to compare between two
groups for not normally distributed quantitative varia-
bles. Spearman coefficient was used to correlate between
quantitative variables. Significance of the obtained results
was judged at the 5% level.

Results

30 female and 14 male patients with mean age

of 57.32 years presenting with cephalic arch stenosis
referred for endovascular management were included.
Thirty-eight patients had brachiocephalic (BC) AVE,
and 6 had radiocephalic (RC) AVE. The mean fistula age
was 26.75 months; in two patients, the AVF was 6 weeks
old, and the patients had not started dialysis through
the fistula. The mean pre-intervention flow volume was
1243 ml/min and ranged from 600 to 2700 ml/min.

The range of luminal stenosis on Doppler examination
was 30-90% with an average stenosis of 60%.

Table 1 shows the distribution of the studied cases
according to age of the patient, age, and site of the AVF
and pre-plasty flow volume.

The technical success rate of the procedures was 100%.
Our indication for technical success was the achievement
of <30% residual stenosis on completion angiography.
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Table 1 Distribution of the studied cases according to different
parameters
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Table 2 Distribution of the studied cases according to the
procedure

Age of patient in years

Mean+SD 57.32+11.01

Median (Min.—Max.) 55 (40-83)
Age of Fistula in months

Mean £ SD 26.75+£25.84

Median (Min.—Max.) 12 (1.5-84)
Pre-plasty flow volume

Mean £+ SD 1243.1+£584.2

Median (Min.—Max.)
Site of Fistula

BC 38 (86.4%)

RC 6 (13.6%)

1000 (600-2700)

Eighteen (40.9%) patients did not need re-interven-
tion during the follow-up period. Fourteen patients of
the 18 patients had balloon angioplasty, and 4 had pri-
mary stents.

Twenty-six (59.1%) patients had secondary interven-
tion within the follow-up period ranging from 18 to
57 months. Sixteen patients of the 26 patients had pri-
mary balloon angioplasty, and 10 had primary stents.
Eighteen patients had secondary balloon angioplasty,
and 8 patients were stented in the secondary inter-
vention session; 4 of them had stents in the primary
intervention.

Six of the 26 patients had multiple re-interventions,
while 20 patients had a single re-intervention. There
were 38 secondary interventions with an average of
1.46 intervention per patient.

Those interventions were 16 bare-metal stents, 10
primary stents, 4 secondary stent after balloon angio-
plasty, and 2 after primary bare metal stents. Six cov-
ered stents were used: 4 primary inserted and 2 inserted
after primary bare metal stent. The stent was inserted if
there is more than 30% residual stenosis visualized on
post-angioplasty venogram.

In 2 cases, AVF rupture was encountered during pri-
mary angioplasty and a covered stent was used in each
case with preservation of the fistula. In both cases,
there was a resultant subcutaneous hematoma which
was managed conservatively.

Table 2 shows the distribution of cases according to
the performed primary and secondary procedure.

The primary stenosis-free (patency) rate at 6 and
12 months for the angioplasty group was 80% and 60%
and for the stent group was 86% and 71%, respectively.
The primary stenosis-free (patency) rate is defined as
the uninterrupted patency without any additional pro-
cedure of the previously treated lesion.

Procedure No. (%)
Primary (n=44)
Balloon angioplasty 30 (68.2%)
Stent 14 (31.8%)
BMS 10 (71.4%)
Covered 4 (28.6%)
Secondary (n=26)
Balloon angioplasty after stent 6 (23.1%)
Balloon angioplasty after angioplasty 12 (46.2%)
Stent after Balloon angioplasty 4 (15.4%)
BMS 4 (100%)
Covered 0 (0%)
Stent after primary stent 4 (15.4%)
BMS 2 (50%)
Covered 2 (50%)

The mean primary stenosis-free rate in the 44
patients during the follow-up period was 15.3 months.
The mean primary stenosis-free rate in the balloon
angioplasty only (30 patients) was 12.9 months; while
in the primary stented 14 patients was 19.9 months.

The average secondary stenosis-free (patency) rate for
patients with balloon angioplasty only was 25.5 months
ranging from 18 to 43 months, while was 33.6 months
in the stented 14 patients either primary or second-
ary stenting ranging from 19 to 57 months. The sec-
ondary stenosis-free (patency) rate is that patency is
never lost but is maintained by prophylactic secondary
intervention.

Table 3 shows a comparison between the primary and
secondary stenosis-free rates between balloon angio-
plasty and stent patients.

There is a significant increase in primary and sec-
ondary stenosis-free rate in the stent group of patients
compared to balloon angioplasty only, P 0.032 and
0.027, respectively.

Table 4 shows a comparison between the primary and
secondary stenosis-free rates between BMS and cov-
ered stent patients.

There is no significant difference between BMS and
covered stent in terms of primary and secondary ste-
nosis-free rates; however, the number of cases in each
group is small.

Table 5 shows a comparison between the primary and
secondary stenosis-free rates between patients with
brachiocephalic and radiocephalic AVFE.

There is significant increase in secondary stenosis-
free rate between BC and RC patients; however, the
number of patients in the RC group is small.
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Table 3 Comparison between balloon and stent according to stenosis-free rate

Stenosis-free Primary

Secondary

Balloon (n=30)

Stent (n=14)

Balloon (n=12) Stent (n=14)

Mean+£5D 12934843 19.93+10.21 25504852 33644+11.13
Median (Min.—Max.) 12 (1-30) 20.5 (5-41) 24 (18-43) 31.5(19-57)
U(p) 125.0% (0.032%) 41.0* (0.027%)

SD: Standard deviation; U: Mann-Whitney test
p: p value for comparing between balloon and stent

*Statistically significant at p <0.05

Table 4 Comparison between BMS and covered according to
stenosis-free

Stenosis-free Primary Secondary
BMS Covered BMS Covered
(n=10) (n=4) (n=6) (n=2)
Mean +SD 195£1216 214245 285+782 5554212
Median (Min.- 19 (5-41) 21(18-24) 27.5(19-39) 55.5 (54-57)
Max.)
U(p) 14.50 (0.454) 0.0 (0.071)

SD: Standard deviation; U: Mann-Whitney test
p: p value for comparing between BMS and covered

Table 5 Comparison between left BC and left RC according to
stenosis-free

Stenosis-free Primary Secondary
Left BC LeftRC  LeftBC Left RC
(n=38) (n=6) (n=22) (n=4)
Mean=+£5D 1503£99 16+7.16 3154£1075 21+£346
Median (Min-Max.) 13 (1-41) 16 (8-24) 28(19-57) 21(18-24)
U(p) 96.0 (0.559) 13.0% (0.026)

SD: Standard deviation; U: Mann-Whitney test
p: p value for comparing between left BC and left RC
" Statistically significant at p <0.05

The mean flow volume at 1-month follow-up scan was
1603 ml/min=+532 SD, and the range was 900-2800 ml/
min with a median of 1550 ml/min, while the mean
flow volume at 1-year follow-up was 1479 ml/min+ 667
SD ranging from 600 to 3500 ml/min with a median of
1500 ml/min.

We had two cases of fistula rupture managed success-
fully by covered stents. No stent fracture noted during
the follow-up period.

Table 6 shows a comparison between the p-value of
the primary and secondary stenosis-free rates between
patients in relation to the age of the patient, the age of the
fistula, and the pre-plasty flow volume.

Table 6 Correlation between patient’s age, age of fistula, and
pre-plasty inflow volume with primary and secondary stenosis-
free rates

Stenosis-free rate

Primary Secondary

rg p rg p
Age (years) 0.122 0431 —0.030 0.884
Fistula in months 0.303 0.118 —0.572 0.005"
Pre-plasty inflow volume ~ —0473  0006°  -0.136 0.591

r,Spearman coefficient

*Statistically significant at p <0.05

There is significant increase in the primary stenosis-
free rate with the increase in the pre-angioplasty flow
volume of the AVF. Also, there is significant increase in
the secondary stenosis-free rate related to the increase in
the age of the AVE.

Figures 1, 2 and 3 show selected cases of the study and
their management.

Discussion

Venous stenosis affects up to 50% of AVF and is the most
common cause for vascular access dysfunction. Cephalic
arch stenosis (CAS) is recognized as a distinct clinical
entity that is implicated in up to 75% of dysfunctional
brachiocephalic fistulae [12].

The treatment of CAS remains a matter of debate, and
the data are limited. Angioplasty, stent insertion, and sur-
gical intervention have all been proposed in small series
[13, 14].

The mean age of the AVF from creation to initial radio-
logical intervention was 26.8 months; this corresponded
to 25.2 months in the study of Rajan et al. [10].

Our technical success rate was 100%; this was in agree-
ment with Jones et al. [15] who reported the same techni-
cal success rate and was higher than Rajan et al. [10] who
reported 76% success rate.
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Fig. 1 a Antegrade diagnostic venogram in left AVF showing tight stenosis at the terminal arch. b Angioplasty at the terminal arch using

8 mm x 4 cm balloon. ¢ Post-angioplasty venogram showing no significant residual stenosis at the terminal arch. d Antegrade diagnostic venogram
in Left AVF after 5 months showing recurrent tight stenosis at the terminal arch. e Angioplasty at the terminal arch using 8 mm x 4 cm balloon. f
Post-angioplasty venogram showing no significant residual stenosis at the terminal arch
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RIGHT
8MMX4CM BALLOON

Fig. 2 a Antegrade diagnostic venogram in right AVF showing tight stenosis at the terminal arch. b Angioplasty at the terminal arch using
8 mm x 4 cm balloon. ¢ Post-angioplasty venogram showing no significant improvement of the stenosis at the terminal arch. d Deployment of
10 mm x 4 cm self-expandable stent at the terminal arch with completion venogram showing no significant residual stenosis

We had two ruptured fistula during angioplasty (4.5%)
managed successfully by covered stents; Rajan et al. [10]
reported 6% rupture rate (3 of 50), one of which led to fis-
tula loss and the other two were salvaged with prolonged
balloon inflation or stenting.

In the current study, the primary patency rate at 6 and
12 months for balloon angioplasty was 80% and 60%,
respectively. This is compared to Jackson et al’s [14]
study who reported 68.8% and 31% at 3 and 12 months,
respectively.

We reported patency rate at 6 and 12 months for pri-
mary stent of 86% and 71%, respectively. Shemesh et al.
[11] reported primary patency at 6 months of 82% in the
stent graft group and 39% in the bare stent group. Jones
et al. [15] reported primary patency 67% and 42% at 6
and 12 months for covered stents.

We reported a significant increase in primary and sec-
ondary stenosis-free rate in the stent group of patients
compared to balloon angioplasty only, P 0.032 and 0.027,
respectively. However, there was no significant difference

between BMS and covered stent in terms of primary and
secondary stenosis-free rates.

59% of our patients had a secondary intervention with
an average of 1.5 interventions per patient. Jackson et al.
[14] reported a re-intervention rate of 2.3 per patient.

We studied the relation between age of the patient, age
of the AVE, and its flow volume at the time of primary
intervention and patency rates. There was no signifi-
cant effect of the patient’s age on patency rates, and this
matched Jones et al. [15], who found no significant differ-
ence in patency with regard to sex or age.

We found significant increase in patency rate related to
age of the AVF and its flow rate; however, we could not
find a study in the available literature in this regards.

Conclusion

Cephalic arch angioplasty and stent is effective in increas-
ing the longevity of the hemodialysis AVF that is crucial
for hemodialysis patients. The use of metal stents is safe
and adds significant increase in patency rates.
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Fig. 3 a Antegrade diagnostic venogram in Left AVF showing stenosis within a stent inserted 6 months earlier at the terminal arch. b Angioplasty at
the terminal arch using 9 mm x 4 cm balloon. ¢ Post-angioplasty venogram showing no significant residual in-stent stenosis at the terminal arch

It is recommended that patients on dialysis through an
AVF should be on a close surveillance scheme including
clinical and Doppler evaluation from the time of creation
of the fistula and throughout their life to detect signs of
dysfunction and allow early intervention.
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