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ABSTRACT

A major challenge in the management of hemodialysis patients is central venous
stenosis and obstruction. Placement of central venous catheters has been shown to result in
a high incidence of central venous stenosis or obstruction. There has been extensive
literature on the treatment of this important and prevalent problem. Treatment options
include percutaneous balloon angioplasty and bare metal stents. Unfortunately, all the
available treatment options have variable rates of patency, requiring repeated intervention.
More recently, covered stents have been mentioned in the literature for the treatment of
central venous stenosis and obstruction. There is very little data to date, and further
randomized controlled trials will be needed to compare the efficacy of percutaneous balloon
angioplasty, bare metal stents, and covered stents. It appears prevention of this difficult
problem is paramount, by limiting use of central venous catheters.

KEYWORDS: Central venous obstruction, hemodialysis, percutaneous balloon

angioplasty, bare metal stents, covered stents

Objectives: Upon completion of this article, the reader should be able to identify the etiology and treatment options for central venous

disease in hemodialysis patients, including percutaneous transluminal angioplasty, bare metal stents, and covered stents.
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Central venous stenosis and obstruction (CVD)
is an important and prevalent problem in the manage-
ment of hemodialysis (HD) patients. CVD compromises
the integrity of the hemodialysis access circuit, by caus-
ing venous hypertension with/without debilitating
symptoms. This can result in loss of the access site due
to access dysfunction or ligation for symptom relief. The
incidence of CVD has been reported in the range of 30%
in the literature.1

ANATOMY
A thorough knowledge of the route of the central veins
and their relationship to surrounding structures is

critical to why CVD occurs in typical locations. The
brachial and basilic veins join at the lower border of the
teres major muscle to form the axillary vein, which
passes anterior to the subscapularis muscle and poste-
rior to the pectoralis minor muscle near its insertion
at the coracoid process. The axillary vein continues to
the lateral border of the first rib, where it becomes the
subclavian vein, which enters the thoracic inlet poste-
rior to the clavicle and anterior to the first rib and
scalenus anticus muscle (costoclavicular space) and joins
the internal jugular vein after several centimeters to
become the brachiocephalic vein. The right and left
brachiocephalic veins, join in the mediastinum to form
the superior vena cava.2
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PATHOGENESIS
There has been a strong association of CVD, with
previous placement of central venous catheters and pace-
maker wires. In one study, 27% of patients with CVD
had a history of previous central venous catheter place-
ment.3 Furthermore, there is a very high incidence of
CVD in patients with a history of subclavian catheters of
42 to 50% compared with internal jugular vein cathe-
ters.4–7 A suggested mechanism for the development of
CVD includes central venous catheter-induced trauma
to the venous endothelium and secondary inflammatory
damage within the vessel wall at the time of insertion.
Other proposed mechanisms include the presence of a
foreign body in the vein, along with increased flow and
turbulence from the creation of an AV access. Turbulent
blood flow has been shown to incite an inflammatory
response and stimulate intimal hyperplasia.7–11

RISK FACTORS FOR CVD
It is rare for CVD to occur in HD patients, without a
history of previous central venous catheterization.
Multiple central venous catheter placements, with longer
catheter dwell times, have been associated with a greater
risk of CVD.3,7,12 The location of the central venous
catheter is also an important causative factor for CVD.
Central venous catheters placed by a subclavian access,
have a particularly high risk, with a 42% incidence of
CVD compared with a 10% rate with catheters placed
via an internal jugular vein access.4–7 There is also an
increased predilection for CVD to occur with left-sided
access for catheter placement. This may be related to the
more tortuous course catheters have to traverse from a
left-sided access.6,13–15 Given the high incidence of
CVD with hemodialysis catheters, the large caliber of
these catheters may be a causative factor in CVD. There
is no literature available to assess the impact of catheter
caliber on CVD to date.

Peripherally inserted central catheters (PICC)
and central venous port catheters are also becoming an
increasingly important risk factor for CVD. Most pa-
tients with CVD secondary to peripherally inserted
catheters and central venous port catheters, are usually
asymptomatic, and present clinically after a hemody-
namic challenge, such as placement of a ipsilateral AV
access.16,17 Pacemaker and defibrillator wires can also
lead to CVD, with development of clinical symptoms
after the placement of an AV access in the ipsilateral
extremity.18–21

CLINICAL PRESENTATION
CVD can be asymptomatic, detected on a pre-access
placement venogram or diagnostic fistulogram.22,23

Most occult CVD become clinically apparent after
development of a functioning AV access in the ipsilateral

extremity. The symptoms of CVD depend on the site of
stenosis or obstruction. Narrowing or occlusion of the
subclavian vein most commonly presents with edema
and/or venous hypertension of the corresponding ex-
tremity and breast. Innominate vein stenosis or occlusion
affects blood flow from the same side of the face as well
as the upper extremity and breast.

Approximately, only 50% of patients with signifi-
cant CVD will develop ipsilateral upper extremity
edema.22 Edema is much more common once a func-
tional ipsilateral upper extremity AV access is created.24

Use of this access for HD, can lead to further exacer-
bation of the edema, with swelling, tenderness, pain and
associated erythema, which can mimic cellulitis. Asso-
ciated edema of the breast on the ipsilateral side along
with pleural effusions may develop.25,26

CVD may lead to aneurysmal dilation and tor-
tuosity of an arteriovenous (AV) access. Progression may
be prevented with prompt treatment of the inciting
central lesion. Marked aneurysmal dilation may have to
be treated with surgical revision of the AV access. CVD
leads to the development of collaterals, which divert
blood centrally via enlarged collateral veins. The collat-
eral veins are often evident on physical examination on
the neck, chest, and ipsilateral extremity. Rarely, the
collaterals can bypass sufficient blood flow centrally,
leading to improvement or stabilization of the symptoms
of CVD.

Superior vena cava syndrome is the most feared
complication of superior vena cava stenosis or obstruc-
tion or bilateral innominate vein narrowing or occlu-
sion.27,28 This clinical syndrome is comprised of edema
of both upper extremities, face and neck, along with
multiple dilated collateral veins over the chest and neck.
Acute emergent treatment of superior vena cava syn-
drome is required.

CVD may also decrease access blood flow, leading
to access recirculation and inadequate dialysis. This may
also present as elevated venous pressure during HD, and
prolonged bleeding from needle sites after dialysis. If
there is a significant decline in access blood flow, the AV
access may become occluded secondary to thrombosis.
Thrombolysis techniques will be ineffective, or lead to
recurrent thrombosis, unless the CVD is also treated.

DIAGNOSIS
The diagnosis of CVD is made based on a constellation
of clinical and imaging findings. Most patients will have
a history of previous central venous catheter placement,
and will present with ipsilateral arm, breast, face, or neck
swelling. Many patients will have evidence of AV access
dysfunction, with decreased access flows. On physical
examination, there may be numerous dilated collaterals
in the neck or chest and arm edema, on the side of the
CVD. In the cases of bilateral innominate vein or
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superior vena cava stenosis or occlusion, patients may
present with superior vena cava syndrome. CVD can
often be diagnosed by duplex ultrasound, with an ab-
sence of normal respiratory variation in the diameter of
central veins and polyphasic atrial waves.29 It is difficult
to visualize the central veins with duplex ultrasound in
patients with an elevated body mass index, or significant
chest musculature.

Digital subtraction central venography is the gold
standard for the diagnosis of CVD, and is more sensitive
than duplex ultrasound.1 All patients undergoing diag-
nostic fistulography for AV access dysfunction, should
undergo complete access circuit venography, to rule out
CVD. Magnetic resonance venography is an alternative
to conventional venography, with no significant litera-
ture to date on the assessment of CVD. However, it
should be noted that patients with decreased glomerular
filtration rate (GFR), are at risk of developing nephro-
genic systemic fibrosis.30

TREATMENT OPTIONS
Endovascular intervention is the mainstay of treatment in
HD patients with CVD. The treatment options include
percutaneous transluminal angioplasty (PTA), placement
of bare metal stents (BMSs), and more recently place-
ment of covered stents (CSs). The K/DOQI guidelines
recommend PTA, with or without stent placement as the
preferred treatment approach to CVD.31

PERCUTANEOUS TRANSLUMINAL
ANGIOPLASTY
Percutaneous transluminal angioplasty (PTA) for CVD
was first reported by Glanz et al in 1984, with 100%
technical success rate.32 A subsequent study by
Trerotola et al in 1986 demonstrated similar technical
and clinical success rates.33 PTA is the first-generation
technology for the treatment of CVD. Unfortunately,
at the time of the initial PTA studies, there were no
clear defined reporting standards in place, leading to
variable study methodology and endpoints. There are
no large randomized control level one studies to assess
PTA for CVD, making it difficult to draw conclusions
on the outcomes of PTA, and make comparisons to
alternative technologies.

PTA has demonstrated a variable technical suc-
cess rate ranging from 70 to 90%.2,18,34–38 A PTA study
by Kovalik et al in 1994 made some interesting obser-
vations, including a technical failure rate of 7%, with
greater than 50% improvement (nonelastic lesions) in
70% of patients with CVD, and less than 50% improve-
ment (elastic lesions) in 23% of patients with CVD. The
study concluded that there were two types of central
venous lesion: nonelastic lesions that responded well to
PTA, and elastic lesions that were unresponsive or

poorly responsive to PTA. It was felt the histology of
the two types of lesions was different based on observa-
tions on intravascular ultrasound.34

Examining the PTA patency results for CVD
demonstrates a wide range of variability. There is a
6-month primary patency range of 23 to 63% and
a cumulative patency range of 29 to 100%. There is a
12-month primary patency range of 12 to 50% and a
cumulative patency range of 13 to 100%.2,18,34–38 One of
the largest studies to date on PTA for CVD by Bakken
et al in 2007 comprised of 47 patients, demonstrated a
technical success rate of 77%. There was a primary
patency rate at 3 months of 58%, 6 months of 45%,
and 12 months of 29%. There was a cumulative patency
rate at 3 months of 76%, 6 months of 62%, and
12 months of 53%.38 In summary, technical failures are
to be expected when treating CVD with PTA in the
range of 10 to 30%. There is clearly a subgroup of CVD
patients with elastic lesions, unresponsive to PTA. It is
also apparent repeated interventions are required with
PTA for CVD, to maintain patency over the long term.

BARE METAL STENTS
Bare metal stents (BMSs) were first placed in the dialysis
access circuit, for refractory stenoses by Gunther et al in
1989.39 BMSs are the second-generation technology for
the treatment of CVD. BMSs provide mechanical sup-
port to a site of stenosis that is resistant or unresponsive
to PTA. BMSs are potentially useful in CVD in the
setting of kinked stenoses, collapsing or elastic stenoses
post PTA, sealing dissections or circumscribed perfora-
tions post PTA, establishing and maintaining patency of
chronic central vein occlusions, and after PTA of highly
resistant stenoses.

However, there are significant limitations to
BMSs. Postdeployment, BMSs may migrate, shorten,
or fracture on a subacute or delayed basis. BMS place-
ment may preclude future endovascular procedures or
surgical revision. It is also clearly evident that all BMSs
incite intimal hyperplasia, leading to recurrent stenoses
and multiple repeat interventions to maintain patency.
The use of a BMS in HD access PTA interventions has
significantly increased from 0% in 1991 to over 9% in
2001 according to the United States Renal Data
System.40 The exponential increase in BMS usage in
HD access procedures has led to the development of
guidelines for its applications. The Society of Interven-
tional Radiology Quality Improvement Guidelines, rec-
ommend BMS be reserved for central vein lesions in
which PTA has failed or that recur within 3 months after
initially successful PTA; or rupture after PTA.41 Sim-
ilarly, the consensus guidelines of the National Kidney
Foundation Dialysis Outcomes Quality Initiative rec-
ommend that the use of stents be reserved for surgically
inaccessible stenoses in which PTA fails.31,42,43
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The results for BMS demonstrate a wide range of
variability. The vast majority of the literature demon-
strates a very high technical success rate, in the range of
100%.

Stent structure and composition may be a factor
in the initial technical success rate and long-term pa-
tency, although this has not been clearly demonstrated in
the literature to date. As a general rule, self-expanding
stents have been utilized for CVD. The first generation
self-expanding stent is the Wallstent1 (Boston Scien-
tific, Natick, MA). The Wallstent1 is constructed of 18
filaments of Elgiloy woven into a mesh. The advantages
of this stent include low profile, flexibility, and radio-
pacity. The disadvantages of this stent include foreshort-
ening at the time of placement: eccentric loading
(stenosis) can lead to concentric narrowing and de-
creased radial strength as well as rare delayed shortening
and migration.44–48 The second-generation self-expand-
ing stent are the nitinol stents. Nitinol is an alloy of
nickel and titanium. It has a crystalline structure, which
exists in two types of temperature-dependent forms.
Nitinol undergoes a reversible shape transformation
(martensitic transformation), which is preset by the ratio
of nickel and titanium and high temperature heating.
When nitinol transforms to its higher temperature
crystalline form (28 to 338C), it will expand to its preset
size and become relatively more rigid. Nitinol, also has
the characteristic of superelasticity, which will cause an
applied external force to deform it, but attempt return to
its original shape over time, or if the external force is
removed.47–50

The results for BMS in the setting of CVD have
been quite variable. There is a 3-month primary patency
range of 63 to 100% and a cumulative patency range of
72 to 100%. There is a 6-month primary patency range
of 42 to 89% and a cumulative patency range of 55
to 100%. There is a 12-month primary patency range of
14 to 73% and a cumulative patency range of 31 to
91%.34–38,51–58 One of the largest retrospective studies to
date on BMSs with WallstentTM for CVD by Haage
et al published in 1999 with 50 patients demonstrated a
3-month primary patency rate of 92% and a 6- and
12-month primary patency rate of 84% and 56%, re-
spectively. There was a cumulative patency rate at 6 and
12 months of 97%.55 Unfortunately, these results have
not been replicated elsewhere in the literature. A more
recent retrospective study on nitinol BMS for CVD by
Vogel et al in 2004 with 16 patients demonstrated 3-, 6-,
and 12-month primary patency rates of 81%, 74%, and
67%, respectively. Cumulative patencies were not re-
ported in this study.51 There are no randomized control
trials to date comparing PTA and BMS in the setting of
CVD. A recent retrospective study by Bakken et al
published in 2007 comparing PTA and BMS for CVD
demonstrated 3-, 6-, and 12-month primary patencies
with PTA of 58%, 25%, and 29% in comparison with

3-, 6-, and 12-month primary patencies with BMS of
65%, 54%, and 45%. There were 3-, 6-, and 12-month
cumulative patencies with PTA of 76%, 62%, and 53% in
comparison with 3-, 6-, and 12-month cumulative
patencies with BMS of 72%, 55%, and 46%. There
was no significant difference in patency results between
the PTA or BMS group.

In summary, it appears BMS for CVD demon-
strate a high technical success rate. There is clearly a
group of CVD patients, who are unresponsive to PTA
and will require a BMS to achieve technical success.
However, there is no literature to date demonstrating the
superiority of BMSs over PTA in the setting of CVD.
Future randomized control trials will be needed to
determine the appropriate role of BMSs for CVD.

COVERED STENTS
Covered stents (CSs), also known as peripheral endog-
rafts, have been proposed as a treatment option for
CVD. The potential advantages of a CS would include
providing a relatively inert and stable intravascular ma-
trix for endothelialization while providing the mechan-
ical advantages of a BMS. This could potentially reduce
the intimal hyperplastic response, causing restenosis
post-PTA or BMS placement. CSs are available in
balloon-expandable or self-expanding platforms. In
practical terms, a self-expanding platform would be
preferred, given the rigidity of the balloon-expandable
platform. There is minimal literature on CS usage in
the hemodialysis access circuit. Most of the literature to
date has been on the treatment of graft or outflow vein
aneurysms and refractory venous outflow stenoses.59–62

CSs for CVD has only been mentioned in two publica-
tions to date. Sapoval et al in 1996 mentioned the use of
a nitinol plus Dacron covered stent (Craig Endopro1,
Mintec, LaCiotat, France) for an in-stent restenosis of a
Wallstent1, with asymptomatic recurrent restenosis
after 6 months.63 A study by Quinn et al. in 2003 placed
six covered stents for CVD, and eleven covered stents for
venous outflow stenoses. There was a combined primary
patency at 2, 6, and 12 months of: 40%, 32%, and 32%;
and secondary patency at 2, 6, and 12 month of: 70%,
55% and 39%. They utilized a Palmaz1 stent (P308,
Johnson and Johnson, Warren, NJ) with an ePTFE graft
material manually sewn on.64 CSs provide an interesting
treatment alternative for CVD. However, further
randomized controlled trials, with long-term follow-up
will be necessary.

SURGICAL OPTIONS FOR CVD
Percutaneous endovascular therapy continues to be the
first-line treatment for CVD. However, in patients
refractory to endovascular options, surgical possibilities
must be considered. If there is a functioning HD access
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in the ipsilateral extremity to the site of CVD, a simple
reduction procedure may bring the volume down to
something that can be accommodated by collateral
circulation and continue to provide adequate flow for
dialysis with resolution of symptoms. If not, then the
CVD can be addressed by extra-anatomic bypass, in-
cluding jugular vein turn down procedures, subclavian
vein to external or internal jugular vein bypass, or axillary
to femoral vein bypass.65,66 Surgical options for CVD are
associated with significant morbidity in patients with
CVD and are a second line treatment alternative in
patients refractory to percutaneous endovascular treat-
ment options.

FUTURE DIRECTIONS
Future treatments may include drug eluting stents with
rapamycin or paclitaxel, or coated stents to improve
endothelial healing inside the stent. Other alternatives
may include brachytherapy with b radiation, which has
shown some benefit in coronary intervention.

Further characterization of hemodynamic, molec-
ular, and pathologic mechanisms of CVD, and develop-
ment of treatments and preventative strategies are
critical to improve long-term patency of the HD access
circuit.

SUMMARY
Central venous catheter placement is the most important
risk factor for CVD. In patients at risk or with existing
renal dysfunction, central venous catheter use should be
avoided, particularly in the subclavian vein. The use of
other peripheral lines should be minimized to preserve
peripheral and central venous capital.

All the current treatment options for CVD are
prone to recurrence requiring multiple repeat interven-
tions to maintain patency. Further randomized control
trials with long-term follow-up for the currently avail-
able treatment options are mandatory to develop appro-
priate treatment algorithms. Further advancements in
treatment technique, technology, and the mechanisms of
CVD will be required to continue to improve the out-
comes for this difficult problem.
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