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Objective: To evaluate initial post-treatment and six months outcome of patients sent to the intervention radiology unit with
vascular access malfunctions.

Material and Method: A retrospective study of venoplasty, venoplasty with stenting, and venoplasty with thrombolysis for
vascular access failure patients, included 53 patients with 67 interventional radiology procedures at the intervention
radiology unit of Ramathibodi Hospital between January 2004 and June 2009.

Results: Sixty-seven intervention procedures were performed in 53 patients. Two patients had severe stenosis of AVF
anastomosis with a resulting in failure to perform venoplasty. There were 34 lesions of central venous obstruction. The
lesions were usually short and 79% shorter than 4.0 cm. In the group of central venous obstruction that performed venoplasty
alone, the degree of stenosis was 58.7 £ 18.6% (mean = SD) with 69.2% technical success and 84.6% clinical successes.
However, the technical success was increased to 71.4% and clinical success was increased to 100% in the stent placement
group. At the six-month follow-up, there was no significant clinical re-obstruction. Fair to good outcomes of interventional
procedures of vascular access and peripheral venous stenosis were achieved. Within the group of 14 lesions of patients who
underwent AVBG, the degree of stenosis was 64.4 £ 14.4% with 57.1% technical success and 100% clinical successes. In
the other group of 19 lesions that underwent native AVE, the degree of stenosis was 61 £ 9.4% with 52.6% technical success
and 89% clinical successes. Two patients had re-stenosis and thrombosis in AVBG six months after treatment procedure.
Conclusion: Percutaneous interventional radiology procedure continues to play a beneficial role in treatment, and remains
the first treatment of choice in vascular access malfunction and corollary complications of central venous obstruction. The
technical success rate of treatments is determined by morphologic features of each lesion, with the identification of these
features helping in proper planning and the use of appropriate instruments.
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End-stage renal disease is one of the main
health problems worldwide” including tertiary care
hospitals in Thailand. Vascular access for hemodialysis
is one of the definitive surgical solutions for patients
with end-stage renal disease (ESRD) who are not
suitable for peritoneal dialysis”. Spontaneous
thrombosis, development of flow-reducing stenosis
in the afferent artery or efferent vein, central vein
stenosis, and central vein occlusion are the most
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common events after vascular access, all of which
cause dialysis failure®.

For years, the standard treatment for failing
hemodialysis access has been surgical revision. In
recent years, percutaneous intervention in venous
stenosis or central venous obstruction treatment has
consisted of either balloon venoplasty alone, or
additional stent placement, and has become a
mainstay in the treatment of hemodialysis-related
obstruction®©.

Data correction and the study of intervention
treatments and techniques for vascular access
dysfunction, and the corollary complications of central
venous obstruction, are both of growing interest and
necessary in improving treatment results.
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Material and Method
Patient

A retrospective study, approved by the
authors’ institutional research ethics committee, we
reviewed the angiographic data of patients who
underwent vascular access for hemodialysis and who
had problems of malfunction of vascular access.
Patients were sent to intervention radiology unit for
evaluation and treatment during a five-year period,
between January 2004 and June 2009. These data were
derived from a search of databases at the intervention
unit of the Department of Radiology, Ramathibodi
Hospital.

The inclusion criteria consisted of those
patients who underwent vascular access for
hemodialysis and who had problems of malfunction
of vascular access, such as vascular access stenosis,
symptoms of central vein stenosis or occlusion, and
those sent for intervention. Patients with missing or
inadequate data were excluded.

Before intervention procedure, informed
consent was obtained from all patients.

Data on patient demographics and clinical
assessment with three and six month outcomes were
obtained from medical records.

This study included 53 patients (male 33,
female 20, age 34 to 84 years) with 67 intervention
procedures (Table 1). Twenty-two patients had a
polytetrafluoethylene implant graft (Gore-Tex; W.L.
Gore and associates, Elkton, Md). Thirty-one patients
had native arteriovenous fistula. No patient had
venous transposition fistula.

Diagnostic venography and intervention technique

Before venoplasty or stent deployment,
subtraction angiography was performed to study
the anatomic and pathologic characteristics of the
vessel after retrograde or antegrade venous puncture
of fistula vein or graft with Jelco No 20 G.

Table 1. Patient characteristics (n = 53)

Characteristic Number %
Demographics
Age (year) 34-84 -
Male 33 62.2
Female 20 37.8
Type of access
Prosthetic graft 22 41.5
Simple native fistula 31 58.5
Venous transposition fistula 0 0
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Non-ionic contrast media used in the
procedure was loxaglate 320 (Hexabrix®, Guerbet,
Paris, France). Total dose of contrast media was 1 to
2 ml/kg body weight. The angiogram machine used was
Infinic VC-I flat panel detector DSA (Toshiba, Japan).

Intervention treatment techniques included
balloon venoplasty, balloon venoplasty with catheter
direct thrombolysis, and stent placement after balloon
venoplasty.

The use of balloon venoplasty and self-
expanding stents using varying sizes of sheaths, guided
wires, catheters, balloon catheters, and stents depended
on the adjacent normal size of native vessel or graft
near the stenotic segment.

The stents used in intervention are of
two types; Sentinol® Self-Expanding Nitinol Biliary
Stent System (Boston Scientific Corporation, USA)
and S.M.A.R.T® Transhepatic Biliary Stents (Cordis
Corporation, USA). Sentinol stent sizes are 5 x 40,
6 x 40, 7 x 3.9 mm and Smart stent sizes are 7 x 40,
8 x 40, 8 x 80, 10 x 40, 10 x 80, 12 x 40, 12 x 80,
14 x 60, 14 x 80 mm. The balloon catheter sizes are
5x 40, 6x 20, 6 x40, 7 x 40, 7 x 80, 8 x 20, 8 x 40,
8 x 80, 9 x 40, 10 x 20, 10 x 40, 10 x 60, 10 x 80,
12 x40, 12 x 60, 14 x 60, 15 x 40, 15 x 50 mm.

For angioplasty and stent placement, the
approach to the lesion depended on its anatomic
location. In forearm veins, the draining shunt vein was
always punctured in a proximal section in a retrograde
manner. In upper-arm veins, puncture was performed
in a distal portion of the shunt vein or within the graft
loop. For central venous lesions, an attempt was always
made to traverse the lesion by a brachial or transfemoral
venous approach. In lesions of the brachiocephalic
vein, sometimes, both a femoral and brachial punctures
were performed to monitor stent deployment from a
second approach to facilitate exact placement.

Stent placement itself was performed by a
transbrachial or transfemoral venous approach
depending on the size of the stent used, the final
location of the stent, and anatomic considerations
(e.g. orifices of important collateral veins).

Data analysis was performed using Stata
version 10. The patient results were presented in
frequency, percentage, mean, and standard deviation.
Scatter plot distribution was also presented.

Results

Sixty-seven interventions were performed in
53 patients with malfunctions of vascular accesses or
symptomatic central venous obstruction. Three patents
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Table 2. Success rate (%) (n=153)

Technical success Clinical success

Central venous obstruction: angioplasty alone 69.2 84.6
Central venous obstruction: angioplasty with stent placement 71.4 100
Vascular access and peripheral vein stenosis: AVBG group 57.1 100
Vascular access and peripheral vein stenosis: native AVF group 52.6 89.5
Table 3. Central venous obstruction sites (31 patients, 34 lesions)

Central venous obstruction Right Left

Site Number % Number % Number %
Brachiocephalic vein 15 44 6 40 9 60
Subclavian vein 13 38 6 46 7 54
Brachiocephalic vein-SVC 3 2 67 1 33
Axillary vein 2 0 0 2 10
Subclavian vein-Brachiocephalic vein-SVC 1 1 100 0 0

(6%) had both central venous obstruction and stenosis
of vascular access or upper extremity vein. Twelve
patients (23.5%) also had individual multiple lesions,
which were divided into two groups of lesion location.

Treatment outcomes were evaluated on both
technical and clinical successes (Table 2).

Technical success was defined as less than
30% of residual stenosis and clinical success was
defined as no dialysis access failure within one week
after the procedure.

Central venous obstruction

Thirty-one patients had central venous
obstruction (34 lesions). The patients mostly presented
with swelling of the effected arm or shoulder and
pain or impaired function of dialysis. Venography
demonstrated venous obstruction localized at the
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Fig.1  Degree of central venous stenosis
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brachiocephalic vein (15 lesions), subclavian vein
(13 lesions), brachiocephalic vein-SVC (3 lesions),
subclavian vein-brachiocephalic-SVC (1 lesion), and
axillary vein (2 lesions) (Table 3).

Degree of central vein stenosis is measured
from 25% stenosis to 100% (complete obstruction).
The most degree of stenosis was in a range of 40 to
80% (Fig. 1); (average degree of stenosis is 73%).

The stenosis lesions were usually short
(mean length + SD is 2.0 cm + 1.5 cm), with lengths
ranging from 0.5 cm to 6.7 cm. Twenty-seven lesions
(79%) were shorter than 4.0 cm, six lesions (18%) were
4.0-6.0 cm long, and only one lesion (3%) was longer
than 6.0 cm (Fig. 2).

In the 13 central venous obstructive lesions
where PTA alone was performed, the degree of stenosis
was 27 to 80%, 58.7 £ 18.6% (mean £ SD). The degree
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Fig.2  Length of stenotic segment
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Fig. 3

(a) Digital subtraction angiogram demonstrates an area of high-grade stenosis at right subclavian vein

(b) Balloon venoplasty (balloon size 12 x 40 mm) at stenotic segment, show residual focal stenosis of this lesion
(c) After deployment of a 12 x 40 mm SMART stent, improved stenosis with minimal residual kinking stenosis

can be seen

(a, b) Angiogram, subtraction angiogram show a
high-grade stenosis at the venous anastomosis of
AVF

(¢) A 6 x 40 mm balloon venoplasty

(d) Post venoplasty with stent placement shows
100% recanalization with no residual stenosis

of residual stenosis post PTA was 3 to 46%, 27 £ 11.2%
represents 69.2% technical success. We found that two
patients, who had venoplasty at brachiocephalic vein,
presented with stenosis at their AVBG within one-week
post-procedure represents 84.6% clinical success.

The 21 patients (21 lesions) who received
PTA with stent placement, showed the degree of
stenosis 36 to 100%, 67 £ 15.9%. The degree of
residual stenosis post stent placement was 0 to 44%,
21.4 £ 13.2%. The technical success was 71.4% and
clinical success was 100%. Follow-up of one week
after intervention showed decreased swelling of
the effected arm and shoulder or back. There was no
re-stenosis at six-month follow-up.
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The stents were located in the brachiocephalic
veins (12 lesions), subclavian veins (7 lesions),
subclavian-brachiocephalic-SVC (1 lesion), and
axillary vein (1 lesion).

Vascular access and peripheral vein stenosis

The patients’ symptoms were found in
physical examinations (absent thrill, abnormal bruit,
or distal edema); with abnormalities identified during
dialysis sessions (prolonged bleeding from needle
puncture sites or difficulty in cannulation). All of the
lesions were treated by balloon venoplasty except
one lesion that had stenosis in AVBG with in-graft
thrombosis. It was treated by direct catheter
thrombolysis with balloon venoplasty.

The 33 peripheral venous stenosis lesions
were divided into two main groups by the type of
vascular access; 14 lesions of patients who underwent
AVBG and 19 lesions of patients who underwent
native AVF.

1)The 14 lesions of AVBG patients had shown
eight lesions in graft (57%), five lesions at venous
anastomosis (36%), and one lesion at proximal
cephalic vein (7%). The degree of stenosis was 35 to
85%, 64.4 £ 14.4%. The degree of residual stenosis
post venoplasty and thrombolysis was 0 to 55%,
25+ 17.3%.

The authors achieved 57.1% technical success
with 100% clinical success for this group.

2)Nineteen lesions of the patients who
underwent native AVF had stenosis at venous side,
within 2.0 cm distally to the anastomosis or stenosis
at the anastomosis itself. The degree of stenosis was
45 to 80%, 61 £ 9.4%. The degree of residual stenosis
post PTA was 0 to 55%, 30.3 + 16%.
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Fig.5  (a) Angiogram shows a high-grade stenosis with
collateral vessels at the venous anastomosis of AVF
(radial artery-cephalic vein) at right forearm

(b) A 6-mm venoplasty balloon across the stenosis
(c) Post venoplasty angiogram shows 70%

recanalization with residual 30% stenosis

BL.5mmX80mm

Fig. 6  (a) Angiogram shows two sites of severe stenosis
at the venous anastomosis, venous outflow and
venous limb of PTFE graft at right forearm

(b, ¢) A 5 x 80 mm venoplasty balloon across the
both sites of stenosis

(d) Post venoplasty angiogram shows 50-60%

recanalization without complication
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For this group of lesions, there was 52.6%
technical success with 89.5% clinical success. Two
patients (also 2 lesions) who had severe fistula stenosis
at left cubital region (brachial artery anastomosis
with antecubital vein) and at left wrist (radial artery
anastomosis with cephalic vein), percutaneous
venoplasty was unsuccessful due to the inability to
pass the safety guide wire through the stenotic
segments. These two patients were referred to surgical
treatment.

In follow-up, the overall clinical outcomes
were fair to good for dialysis. However, two patients
who underwent AVBG had recurrent stenosis and
occlusion of the graft within six months post venoplasty
of the graft. Further surgical treatment to create a new
vascular access was performed sequentially.

Discussion
Central venous obstruction

In the present study the most frequent
stenosis locations of central venous obstruction are
the brachiocephalic and subclavian veins, and are
usually of short lesions lengths (mean length + SD,
2.0 cm £ 1.5 cm, and 79% shorter than 4.0 cm). The
overall results of intervention with venoplasty with
stent placement in central venous obstruction were
encouraging. The degree of residual stenosis was
21.4 4 13.2%, technical success was 71.4%, and clinical
success was 100% with immediate outcomes slightly
better than the other group of venous obstructive
lesions where venoplasty alone was performed. The
degree of residual stenosis of this latter group was
27+ 11.2%, 69.2% technical success, and 84.6% clinical
success. However, within 6-month post intervention
follow-up, no significant clinical re-obstruction was
found in either group of patients.

The technical and clinical successes in the
present study corresponded to results from other
research and published papers’'®. The authors have
shown that the technical success of PTA is determined
by the morphologic features of each lesion and that
some types of lesions are suitable for percutaneous
venoplasty alone or combined with percutaneous
venoplasty with stent placement. The various types of
lesions include highly rigid stenosis, severe stenosis,
kinking stenosis, the recoil type of stenosis, as well as
re-stenosis post primary venoplasty that opening
sufficiently during balloon inflation and collapses
immediately after balloon deflation necessitating stent
implantation. Indeed, stents can improve the technical
success in the treatment of some types of lesions. They
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are helpful particularly for sealing dissections or
circumscribed perforations, and for establishing
patency of chronic venous occlusions. Results after
angioplasty or venoplasty of highly resistant stenosis
can be improved by stent implantation®!13!% n the
case of mild stenosis without recoil, percutaneous
venoplasty alone remains a first choice in treatment.

Vascular access stenosis

A majority of graft failures is due to
thrombosis, and the thrombosed grafts usually have
an underlying stenosis at the venous anastomosis or
in the draining vein®%. Percutaneous venoplasty
and thrombolysis are beneficial treatments in these
situations. The present study shows fair to good
outcomes in the interventions of vascular access and
peripheral vein stenosis in patients who underwent
AVBG and AVF. The degree of residual stenosis was
25+17.3% and 30.3 £ 16%, respectively. The technical
success was 57.1% and 52.6%, respectively and the
clinical success was 100% and 89.5%, respectively.

The present study also illustrated the
limitations of technical processes for more severe
degrees of the stenotic segment, as was seen in the
examples of two patients who had severe stenosis at
the anastomoses of AVF, and where the failure to
pass safety guide wires through the stenotic segment
occurred.

With respect to short outcomes, two patients
(14.3%) experienced re-stenosis and thrombosis
within the graft at six-month post venoplasty.

Recent studies present many techniques for
the treatment of graft thrombosis. They are cutting
balloon, clot extraction, stent implantation, and
high-pressure balloon venoplasty, including graft
observation programs. In addition, experimental
research surrounding adventitial delivery of a
platelet-derived endothelial cell growth factor gene to
prevent intimal hyperplasia of vein graft, has been
shown be help to decrease re-clot and help increase
the successful rate of intervention in patients who
underwent AVBG and AVF as well®%!1-13),

Conclusion

Percutaneous intervention continues to play
a beneficial role in treatment and remains the first
treatment of choice in vascular access for hemodialysis
malfunction and its complications such as central
venous obstruction. The technical success rate of
venoplasty is determined by the morphologic features
of each lesion and the accurate assessment of these
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features are essential for proper treatment planning and
for the use of appropriate instruments.
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