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Objective: This article reviews current practices and outcomes in endovascular thrombectomy techniques
for the treatment of thrombosed arteriovenous grafts (AVGs) and fistulas (AVFs).

Background: Arteriovenous (AV) access allows patients with end-stage renal disease (ESRD) to receive
hemodialysis. Thrombosis of AV access can lead to delay in hemodialysis or abandonment of access
requiring dialysis catheter placement. Endovascular approach has become the preferred treatment option
for thrombosed access over surgery. Interventions include removal of thrombus from the AV circuit and
treatment of the underlying anatomical abnormality, such as an anastomotic stenosis. Thrombolysis, or
the act of dissolving thrombus, is performed by using infusion catheters or pulse injector devices for the
administration of fibrinolytic agents. Thrombectomy, or the mechanical removal of thrombus, is performed
by using embolectomy balloon catheters, rotating baskets or wires, rheolytic and aspiration mechanisms.
Adjunctive methods such as cutting balloon angioplasty, drug-coated balloon (DCB) angioplasty, and stent
placement are also used to treat stenoses in the AV circuit. Complications of these procedures include vessel
rupture, arterial embolism, pulmonary embolism (PE), and paradoxical embolism to the brain.

Methods: This narrative review article was written based on literature search from electronic databases,
including PubMed and Google Scholar.

Conclusions: The understanding of thrombectomy techniques and their potential complications is

essential in the management of patients with thrombosed AV access.
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Introduction to lower hospitalization risk and mortality (1,2). Poorer

The prevalence of chronic kidney disease (CKD) is
increasing worldwide and contributing to the global
burden of disease. Hemodialysis is the most common renal
replacement modality for patients with end-stage renal
disease (ESRD). Compared to central venous catheters,
arteriovenous fistula (AVF) and graft (AVGQG) are the

preferred access for chronic hemodialysis treatment due
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outcomes in catheter-dependent patients are associated
with increased risk of sepsis and bacteremia (2). However,
long-term vascular accesses typically require frequent
interventions to maintain access patency, which is not only a
significant burden on health care resources, but also impacts
patients’ quality of life with implications on morbidity and

mortality.
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Thrombosis is the leading cause of access loss in AVF and
AVG, accounting for 65-85% of the cases (3). Thrombosis
rate for AVF is 0.24 events per 1,000 patient days (4), and
AVG thrombosis occurs 0.2 events per patient during 2 years
follow-up (5). Access thrombosis is commonly caused by
underlying venous or arterial anastomotic stenoses. Systemic
factors that can increase the risk of access thrombosis
include hypercoagulability (6,7), low ejection fraction (8),
hypotension and hemoconcentration (9). Cannulation
complications resulting in hematomas can also lead to access
thrombosis (10).

Thrombosed access leads to hemodialysis treatment delays,
treatment omissions, inpatient admissions and abandonment
of access requiring dialysis catheter placement (3).
Thrombus formed in arteriovenous (AV) access is comprised
of two components: soft, friable clot that disintegrates
easily in the venous outflow and a firm fibrin plug
near the anastomosis (11). To date, no FDA-approved
pharmacological therapies can prevent access thrombosis.
The long-term effect of anti-platelet therapy and warfarin
on access patency remains unclear (12,13). Thrombosed
access should be treated as soon as possible to avoid delay
on dialysis treatment and catheter placement. When fresh
thrombus hardens into adherent thrombus in the native
vein of an AVE, thrombectomy becomes less likely to be
successful (14). As a result, thrombectomy in AVF should
be performed within days, whereas thrombectomy in AVG
can still be successful up to a week. Early experiences with
thrombosed AV access required surgical thrombectomy,
which usually requires hospitalization and operation room
resources. However, with the development of intravascular
techniques, endovascular thrombectomy has become the
standard of care for thrombosed access. Under imaging
guidance, not only can the thrombus be removed, underlying
anatomical abnormalities (such as stenoses) can also be
treated. As reported by prior studies, procedure success rates
for thrombosed fistula or graft by endovascular approach
have a range of 70-90% (15-18). Compared to 20 years ago,
the number of endovascular access thrombectomy procedure
has doubled for AVF and tripled for AVG (19). This article
aims to review current practices, outcomes, and potential
complications in endovascular thrombectomy techniques
for the treatment of thrombosed AVGs and AVFs. This
review article was written based on literature search of
electronic databases, including PubMed and Google Scholar.
We present the following article in accordance with the
Narrative Review reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-21-523/rc).
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Access surveillance and physical exam

The concept of vascular access surveillance is early
detection of access thrombosis, which can lead to earlier
intervention to prevent thrombotic events and minimizes
the number of missed dialysis sessions. Most thrombosed
accesses have underlying stenoses. Over the years,
there has been development of noninvasive methods to
detect access stenoses so these can be intervened before
thrombosis occurs. These tests include static dialysis
venous pressure, flow monitoring, ultrasound and physical
examination. However, the utility of dialysis access
surveillance in predicting the risk of a thrombotic event
remains controversial. A recent randomized study (5)
showed that monthly access blood flow monitoring and
ultrasound dilute technique can decrease thrombotic
events from 0.22 event per person to 0.11 event per person
compared to monthly physical examination. However,
patients with prior access thrombosis were excluded from
this study. Other studies have raised the concern that
surveillance may increase the number of unnecessary
angioplasties (20,21). The information derived from access
surveillance is limited because the AV circuit is dynamic,
and many factors can affect the pressure and flow of the
circuit, include cannulation technique, needle placement,
hemodynamics during dialysis, and the number and
location of stenotic segments. In general, indications for
endovascular evaluation include access with a history of
difficult cannulations, excessive bleeding following removal
of needles, high arterial or venous pressures, low access
flow, and significant recirculation.

On physical examination, a thrombosed access would
manifest as a lack of thrill and bruit (22). Access may be
pulsatile if the AV anastomosis is patent but the venous
outflow is occluded. In addition, an erythematous and tender
fistula is suggestive of inflammatory thrombophlebitis.
Ultrasound can be a useful tool in confirming the presence
and location of thrombus. The findings include a lack of
flow on pulse-wave doppler and non-compressibility of the
vein or graft. Echogenicity of intraluminal material would
depend on the chronicity of the clot; the more chronic the
clot the more echogenic it becomes.

Patient evaluation and contraindications to
endovascular thrombectomy

Evaluation for endovascular thrombectomy of clotted AV
access should include prior imaging (e.g., fistulograms,
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Figure 1 AVG venous anastomotic stenosis. (A) Graftogram through the antegrade vascular sheath during thrombectomy of a clotted

forearm loop graft shows severe stenosis at the venous anastomosis (black arrow). This finding was likely the underlying cause of the graft

thrombosis. (B) Angioplasty of the venous anastomotic stenosis. (C) Post-angioplasty graftogram demonstrates significant luminal gain with

less than 30% residual stenosis at the venous anastomosis (white arrow). AVG, arteriovenous graft.

graftograms, ultrasound), prior interventions (e.g.,
thrombectomy, angioplasty), cardiopulmonary status, last
hemodialysis session, laboratory values (e.g., potassium),
coagulopathy (e.g., anticoagulation or antiplatelet therapy),
medications and allergies (e.g., heparin, contrast). When
consenting for the procedure, patients should be informed
of the possibility of hemodialysis catheter placement in the
event of unsuccessful thrombectomy.

Relative contraindications for endovascular AV access
thrombectomy include: (I) poor pulmonary or cardiac
reserve; (II) contraindication for tissue plasminogen
activator (tPA); (III) active hemorrhage; (IV) hemodynamic
instability and severe hypotension; (V) mega fistulas;
(VI) intracardiac right-to-left shunt; (VII) hyperkalemia
requiring urgent hemodialysis; (VIII) AV access
infection; (IX) sepsis/bacteremia; and (X) recently created
anastomosis.

Endovascular thrombectomy techniques and
outcomes

Treatment of AV access thrombosis using endovascular
techniques has been considered a viable alternative
to surgical thrombectomy. Endovascular approach is
the mainstay in modern times due to their minimally
invasive nature (23). The availability of a wide selection of
thrombectomy devices also popularized the endovascular
approach. Additional benefits of endovascular approach
include preserving the existing access without reducing
sites for future access (24), minimal delays in dialysis,
repeatability of procedure, and the ability to perform
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angioplasty and thrombectomy in the same setting (25). The
choice of thrombectomy technique depends on primarily on
operator preference, patient specific conditions, device cost,
and device availability.

Fundamental principals and techniques

In general, AV access thrombectomy encompasses two main
steps: (I) removal of clot and (II) treatment of underlying
significant stenosis in the circuit that precipitated the
thrombosis. Procedural steps may not always adhere to
this order. Anatomically significant stenosis is defined as
narrowing >50% of normal vessel diameter (25). Stenosis
may occur in various locations in the AV circuit, such as the
central veins, venous outflow, juxta-anastomotic segment,
or AV anastomosis. Additionally, the process of declotting
may include “thrombectomy” versus “thrombolysis”.
Thrombectomy refers to mechanically removing clot by
means of, for example, aspiration or Fogarty balloon sweeps.
On the other hand, thrombolysis involves dissolving clot by
means of instillation of pharmacological drugs such as tPA in
the thrombus. Both techniques can be utilized either alone or
in combination in a standard thrombectomy case.
Experiences can differ between treating AVG and AVF
thrombosis. AVG thrombectomy tends to be less challenging
due to uniform size of the graft, smaller clot burden, and
predictable anatomy with sites of stenosis that are typically
located near the venous anastomosis (Figure I). On the
other hand, AVF thrombectomy may be more difficult to
perform for several reasons (26,27). First, the presence of
aneurysms of the native vein can increase clot burden and
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make it more difficult to catheterize. Second, the presence of
venous collaterals can make it more challenging to navigate
the anatomy. Third, the location of culprit stenosis is more
variable. Lastly, in a newly created AVE, the vessel diameter
can be smaller, resulting in difficulty in cannulation, vessel
occlusion with vascular sheaths, and increased risk of vessel
rupture with angioplasty.

AV access thrombectomy can be performed under
conscious sedation with intravenous opioids (e.g., fentanyl)
and benzodiazepine (e.g., midazolam) in the angiographic
suite. In patients with severe cardiopulmonary dysfunction
or other co-morbidities, anesthesia support may be needed.
Local anesthetics (e.g., 1% lidocaine) are given at the
access sites. Systemic intravenous heparin is given at a dose
of 50-60 units per kilogram in the beginning of the case
followed by 1,000 units every hour. In patients with heparin
allergy or heparin-induced thrombocytopenia, intravenous
argatroban or bivalirudin can be used during the procedure.

Thrombolysis

Endovascular declotting of dialysis access dates back to 1984
when Hunter ez 4/. (28) showed that thrombosed fistulas
can be restored using streptokinase infusion percutaneously.
Another paper from 1985 showed a 77% success rate
in declotting thrombosed AV access using endovascular
thrombolysis with minimal complications (29). Acutely
formed thrombus is responsive to fibrinolytic agents
such as streptokinase, urokinase, and tPA. Recombinant
tPA now includes alteplase, reteplase, and tenecteplase.
Several studies in the 1990’s demonstrated that infusion
thrombolysis for thrombosed AVG had a technical success
rate of 60-80% with 6-month patency rate ranging from
13% to 80% (30-33). Authors of these studies observed
that patency rates were improved when AVG stenoses were
corrected immediately by angioplasty or surgery. Infusion
catheters were either introduced into the clotted access as a
single catheter or using a crossed catheter technique, where
two punctures were made on two ends of the graft and
catheters were inserted from either end with catheter tips
placed at the arterial and venous end (33). Catheter infusion
of fibrinolytic agents would last for 3-24 hours (34). Several
groups at the time also described methods to enhance the
effect of thrombolysis, including the use of rotating angled
or pigtail catheters for clot maceration (35,36) or manual
graft massage (37).

The lyse-and-wait technique was described in 1997
by Cynamon et a/. (38) where thrombolytic agents were
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administered into the clotted AVG through a catheter in
the pre-procedure area, several hours before the patient
was brought into the angiographic suite. The goal was to
reduce most of the clot burden prior to the main procedure.
In the angiography suite, the operator could then focus
on addressing the underlying cause of thrombosis such as
angioplasty of culprit stenosis or removal of arterial plug.

Pulsed-spray thrombolysis

Pulsed-spray thrombolysis was introduced where a pulse
injector was used to instill high pressure pulses of highly
concentrated fibrinolytic agents into clot through multi-
sidehole catheters (39,40). Valji et a/. (41) described the use
of 25,000 IU/mL of urokinase admixed with heparin that
was instilled directly into the clot using a high-pressure
pulse spray for 15-20 minutes. Technical success rate was
96% and the total procedure time was 67 minutes. Several
other groups also demonstrated feasibility of the pulsed-
spray thrombolysis technique, where technical success
rates were 85-94% with approximately 1 hour of lysis time
(33,42). The shorter lysis time was an advantage compared
to conventional thrombolysis methods where patients
required overnight infusions under intensive care unit
monitoring. Cooper demonstrated technical and clinical
success rate of 94% in treating clotted AVG using the
Pulse Spray Injector system (AngioDynamics, Glens Falls,
NY, USA) by delivering 2 mg of tPA through a multi-
sidehole infusion catheter (43). The same study described
thrombolysis times of 10-16 minutes with primary patency
rates of 71% at 30 days and 47% at 90 days using this
technique with minimal complications.

Pharmaco-mechanical thrombolysis (PMT)

PMT technique is the most common thrombectomy
technique that utilizes balloon catheters and tPA with or
without dedicated advanced thrombectomy devices. A study
utilizing PMT technique for AVG thrombectomy (44)
showed that technical and clinical success rates of 95%.
This study also reported that the primary patency rate of
AVG after PMT was 45% and 22% at 12 and 24 months,
respectively, without major complications.

We typically begin with antegrade access of the AVF or
AVG using a micropuncture access system under ultrasound
guidance, which is upsized to a 6 or 7 French short vascular
sheath. The size of the vascular sheath depends on which
devices are used, including the angioplasty balloon size. A
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5 French angled catheter and 0.035"" hydrophilic guidewire
(Terumo Medical Co., Somerset, NJ, USA) are used to
navigate across the clotted venous outflow into the central
veins. A venogram of the central veins is performed to
evaluate for any central venous stenosis involving superior
vena cava, brachiocephalic and subclavian veins. A “pull-
back” venogram is performed by injecting the contrast
material through the catheter as it is retracted from the
central veins to the body of the AVF or AVG. This would
reveal the thrombus burden of venous outflow as well as any
significant venous stenosis. We routine administer up to 4 mg
of tPA (e.g., alteplase) within the thrombus for thrombolysis,
unless there are relevant contraindications. In addition,
we administer intravenous heparin at 50-60 units/kg body
weight. We also prefer to perform balloon maceration of
clot in the venous outflow early to create a channel for blood
flow. Prior literature has recommended that venous outflow
clot should be removed first to minimize the risk of clot
fragments embolizing into the forearm artery (27).

Next, retrograde access is obtained using a micropuncture
access system and then upsized to a 5 or 6 French short
vascular sheath. A 5 French angled catheter and 0.035"
hydrophilic guidewire are used to navigate through the
body of the AVF or AVG across the arterial anastomosis
into the upstream artery. Injection of contrast material in
the artery would be performed to evaluate the extent of
arterial thrombus as well as downstream artery patency. An
over-the-wire Fogarty thrombectomy catheter (Edwards
Lifesciences, Irvine, CA, USA) is then introduced through
the sheath and used to perform sweeps to remove the
arterial plug to open the arterial inflow. This maneuver
should be performed gently and carefully to avoid thrombi
dislodgement into the arterial system. An arterial plug
represents thrombi located at the AV anastomosis that is
made of fibrin, red blood cells, and platelets (45). Pulsatility
of the AVF or AVG on physical exam is an indication that
inflow patency has been restored.

If present, stenosis near the arterial anastomosis should
be treated with balloon angioplasty. Subsequently, balloon
maceration is performed throughout the extent of the clot.
Once flow is established after balloon maceration, manual
aspiration through the side-ports of the vascular sheaths
can also be attempted to remove the clot. This thrombo-
aspiration technique has been described in a series of 520
cases of thrombosed AVF and confers a high clinical success
rate of 91.1% (46). Once clot burden has been reduced,
additional angioplasty of hemodynamically significant
stenoses should be performed with appropriately sized
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balloons. Declot is complete once satisfactory antegrade
blood flow is established on completion angiograms and
there is restoration of thrill on physical exam (Figure 2).
Vascular sheaths are then removed after hemostasis is
achieved with pursestring sutures (47). These pursestring
sutures are removed after 1 hour while patient is in the
recovery room.

Mechanical thrombectomy

A wide selection of thrombectomy devices is now available
for the treatment of clotted AV access. Arrow-Trerotola
Percutaneous Thrombolytic Device (PTD) (Teleflex; Wayne,
PA, USA) is a spinning nitinol basket designed for clot
maceration of thrombosed AV access. The device comes
attached to a hand-held rotator drive unit and introducer
sheath. The nitinol basket conforms to the vessel wall to
maximize contact with clot during use. Rocek er a/l. (48)
showed that using Arrow-Trerotola PTD in declotting
native AVF had technical and clinical success rates of 100%
and 90%, respectively, with a 6-month primary patency rate
of 60%. Several studies were done to compare the device
to more traditional thrombectomy techniques. Trerotola
et al. (49) compared the Arrow-Trerotola PTD to pulsed-
spray thrombolysis and showed that success rates and
immediate patency rates were similar between the two
techniques in treating clotted AVG. Arrow-Trerotola PTD
was associated with shorter procedure times in this study.
Additionally, when comparing Arrow-Trerotola PTD to the
lyse-and-wait technique with urokinase in clotted AVG (50),
similar immediate success rates and average patency time
were observed between the two techniques. However, the
lyse and wait technique was associated with lower cost.
CLEANER Rotational Thrombectomy System (Argon
Medical; Plano, TX, USA) is a rotating sinusoidal wire
attached to a battery powered hand-held controller that is
designed for clot maceration in thrombosed vessels. It is
FDA approved for the treatment of deep vein thrombosis,
but the device is known to be used in clotted AV access as
well (Figure 3). The width of the sinusoidal wire conforms
to the vessel diameter that maximizes contact with clot.
It has a built-in sideport can be used for administration
of thrombolytics. Recently, a group in Singapore showed
that using the CLEANER device in conjunction with
thrombolytics in treating clotted AVG and AVE, they were
able to achieve technical and clinical success rates of 88%
resulting in 65% 1-month and 47% 3-month primary
patency rates (51). The rotational thrombectomy system
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Figure 2 Pharmaco-mechanical thrombectomy of clotted brachiocephalic AVFE. (A) Fistulogram with retrograde diagnostic catheter in
the upstream brachial artery shows AVF thrombosis and occlusion near the AV anastomosis (black arrow). (B) Balloon maceration of
venous outflow clot via the antegrade access. (C) Balloon maceration of juxta-anastomotic segment clot via the retrograde access. (D) Post-
thrombectomy fistulogram shows improved opacification of the AVF and antegrade flow. Venous aneurysms can be seen with native fistulas

(white arrow). AVE, arteriovenous fistula; AV, arteriovenous.

Figure 3 CLEANER Rotational Thrombectomy System (Argon Medical). (A) Brachiocephalic fistulogram shows multiple large thrombi

within multifocal venous aneurysms. (B) Clot maceration using the rotating sinusoidal wire from the CLEANER device (black arrow). (C)

Post-thrombectomy fistulogram shows decreased clot burden with residual thrombi in the aneurysmal segments.

can be successfully used to treat patients with aneurysmal
AVE. Other groups have shown that the CLEANER device
can be a safe and effective bail-out option in restoring
patency to thrombosed AV shunts not responding to
balloon thrombectomy methods (52). One technical caveat
is that the CLEANER device does not advance over a wire.
We recommend placing the vascular sheath tip near the
treatment site before introducing the CLEANER device.
Since the guidewire may need to be removed to allow the
introduction of the CLEANER device, there is the risk of
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losing access especially in the presence of severe venous
stenosis or total venous occlusion. Although mechanical
thrombectomy devices have been reported to not cause
damage to the endothelial wall, careful patient selection is
still advised.

Rbeolytic thrombectomy

Flow-based thrombectomy systems utilize a high-velocity
saline jet (created by a pump set and drive unit) to generate
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a negative pressure gradient (Venturi effect) at the catheter
tip. This results in fragmentation of the thrombus near the
catheter tip and evacuation of thrombus fragments through
the in-flow port of the catheter into a collection bag. The
AngioJet Peripheral Thrombectomy System (Boston
Scientific; Marlborough, MA, USA) is a modern iteration
of such device. Angiojet has a Power-Pulse Delivery
mode where thrombolytics can be delivered prior to clot
evacuation. Other variations of rheolytic thrombectomy
devices have been described in the past and function in
a similar manner, including the Amplatz thrombectomy
device (ATD; Microvena, White Bear Lake, MN, USA) (53)
and the Hydrolyser (Cordis; Miami, FL, USA) (54).

Angiojet combined with Fogarty balloon is commonly
used for cases that are refractory to conventional balloon
maceration and thrombectomy. In our practice, once wire
access is achieved across the clotted segments of the AV
circuit, we first advance the Angiojet catheter over the
wire and deliver tPA (about 4 mg) into the clot using the
Power-Pulse Delivery mode. After allowing the lytic agent
to sit in clot for about 10-20 minutes, we then switch
to Thrombectomy mode and begin evacuating the clot
into the catheter. We typically make 3-4 passes with the
Angiojet catheter across the clotted segments. Compared to
CLEANER system, Angioject thrombectomy is performed
over a wire, which has the advantage of preserving wire
access. Note that Angiojet use is associated with transient
bradyarrhythmias, which typically resolve after the device is
turned off (55).

Several studies have investigated the use of Angiojet
in AV access. Littler et /. (56) showed that Angiojet
thrombectomy of AVG and AVF resulted in technical
success rate of primary 91% with primary patency rates of
71%, 60%, and 37% at 1, 3, and 6 months, respectively.
Adverse events specific to Angiojet included transient chest
tightness and dyspnea that may be related bradycardia
caused by the hemolytic effect and the release of adenosine.
PEARL I (PEripheral Use of AngioJet Rheolytic
Thrombectomy with Mid-Length Catheters) Registry
reported technical success rate of 88% using the device
in clotted AV access. At 3-month follow-up, 53% of AVG
remained patent and 86% of AVF remained patent (57).
Bermudez et 4/. (58) in 2017 also demonstrated similar
thrombectomy success rates of clotted AV access using
Angiojet with primary patency rates of 52%, 41%, and 23%
at 3, 6, and 12 months, respectively.

A recent comparison between Angiojet and surgical
thrombectomy in clotted AV access did not show significant
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differences in success rates as well as primary and secondary
patency rates at 12 months (59). Percutaneous technique
was associated with decreased bleeding risk compared to its
surgical counterpart in this study. In contrast, Aydin ez a/. (60)
demonstrated that the use of Angiojet PMT in native AVF
had improved primary patency rates compared to surgical
thrombectomy at 6 and 12 months.

The newer generation Angiojet catheters are available
in different sizes. The 4 and 6 French catheters are
typically used in peripheral arterial cases, whereas the
8 French (ZelanteDV'T) catheter is designed for venous
thrombectomy. In our experience, we observe increased
technical success rates in AV access declot with the 8 French
catheter. Note that the Angiojet AVX catheter is a 6 French
catheter designed specifically for the treatment of AV access
due to its shorter catheter length at 50 cm. Other authors
have experienced improved thrombectomy success rates
with newer generation devices (56). An accessory called
the ClotHunter was recently developed for Angiojet. The
ClotHunter is attached to a helical wire that is inserted into
the guidewire lumen of the ZelanteDV'T catheter. A dial on
the ClotHunter hand-held system creates a rotatory helical
motion for the ZalenteDV'T catheter during thrombectomy
that broadens the treatment area within the vessel. Further
studies are required to investigate the effectiveness of this
accessory, especially in the AV access thrombosis cohort.

Aspiration thrombectomy

Indigo thrombectomy system (Penumbra; Alameda, CA,
USA) is a vacuum-assisted device that enables continuous
thrombus aspiration through end-hole catheters of various
sizes. The CATD Indigo system is an 8 French suction
catheter designed for AV access thrombectomy given its
shorter length of 90 cm. The newly released Lighting
system is compatible with the CAT12 12 French catheter
that is designed for improved venous clot retrieval. In
order to minimize blood loss while using the large CAT12
catheter, the Lightning system has a sensor that modulates
the suction power depending on blood flow.

In our practice, we prefer the use of aspiration
thrombectomy with the Indigo system in patients who have
contraindications to thrombolysis. Due to the advantage of
clot removal, we also prefer the use of the Indigo system in
patients with low pulmonary reserve who are at a greater
risk of decompensation if pulmonary embolism (PE)
develops from the declot procedure. Removal of clot should
also be a priority in patients with right-to-left shunt to
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Figure 4 Aspiration thrombectomy of clotted HeRO graft using the Indigo system (Penumbra). (A) HeRO graft with venous outflow

component extending into the upper right atrium (white arrow). (B) Graftogram with retrograde diagnostic catheter in the artery shows

graft thrombosis and occlusion near the AV anastomosis (dashed black arrow). (C) CAT12 12 French aspiration catheter advanced into

the arterial graft component of the HeRO graft (black arrow). (D) Aspiration catheter advanced into the venous outflow component of the
HeRO graft (white arrow). (E) Clot extracted using the Indigo system. HeRO, Hemodialysis Reliable Outflow; AV, arteriovenous.

minimize the risk of paradoxical embolism (61). Moreover,
thrombosed Hemodialysis Reliable Outflow (HeRO) grafts
typically carry larger clot burden compared to conventional
AVG and AVF. For this reason, we prefer aspiration
thrombectomy in thrombosed HeRO grafts to minimize
the risk of clinically significant PE (Figure 4).

Marecelin et al. (62) showed 97% technical success rate
in the treatment of clotted AVG and AVF using the Indigo
system with a 6-month primary patency rate of 71%. The
average procedure time was reported to be 38 minutes.
No hemolytic complications were seen with the use of the
Indigo system compared to Angiojet. Piacentino et a/. (63)
reported a clinical success rate of 80% in AVG clot removal
in 10 patients using the Indigo system. They reported
a much lower 6-month primary patency rate of 37.5%
compared to other similar studies, which was likely because
most of the grafts in this cohort already had numerous prior
interventions.

Adjunctive treatment

AV access thrombosis occurs due to underlying venous
outflow or inflow stenosis associated with downstream
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cellular events such as neointimal hyperplasia (64,65) or
upstream events such as surgical trauma, inflammation, and
injury from vessel wall punctures (25). In particular, the
most common cause of failure of AVG is venous anastomosis
stenosis (66). These stenotic lesions are routinely treated
with plain balloon angioplasty (POBA) using high pressure
balloons to maintain patency of the AV circuit.
Drug-coated balloons (DCB) angioplasty has been
shown in randomized-control-trials to be superior to POBA
in the treatment of AV access stenosis in terms of long term
patency and re-stenosis rates (67,68). DCB uses paclitaxel
and sirolimus that are known to inhibit neointimal
hyperplasia. The Lutonix AV Clinical Trial initially showed
that paclitaxel-coated balloon-assisted angioplasty had
similar short term target lesion patency rates at 180 days
compared to POBA (69), however long term patency
rates with DCB were higher at 9 and 12 months (70).
The IN.PACT AV Access Study showed that the Admiral
paclitaxel-coated balloon angioplasty (Medtronic; Santa
Rosa, CA, USA) was superior to POBA for the treatment
of stenotic lesions in dysfunctional hemodialysis access at
6 months (71). In AVG, Liao et al. (72) reported modest

improvement in primary patency of venous anastomotic
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stenosis with the use of DCB compared to POBA. However,
accesses with prior thrombosis events were excluded
from these studies. One recent study showed that the use
of sirolimus DCB angioplasty at the graft vein junction
after declot of thrombosed upper limb AVG resulted in
primary patency rates of 76% and 65% at 3 and 6 months,
respectively (73).

Cutting balloon angioplasty may be considered
for stenotic lesions refractory to conventional high
pressure balloon angioplasty. The use of cutting balloons
may produce better patency rates in AVF stenosis as
demonstrated in a prior study (74). However, there is
stronger evidence in the benefit of DCB angioplasty
compared to cutting balloon angioplasty with respect to
AVF patency (75).

Stent placement in the setting of thrombosed AV access
can be considered in certain circumstances to maintain
patency of the AV circuit, including elastic recoil after
angioplasty, recurrent stenoses, and vessel rupture or
pseudoaneurysm resulting in hematoma (25). Stent graft
placement in AVG outflow stenosis had been shown to
have improved 12-month primary patency compared
to angioplasty alone (76). Haskal et al. (66) reported
outcomes related to treatment of venous anastomotic
stenosis in failing (non-thrombotic) AVG with expanded
polytetrafluoroethylene (ePTFE) stent graft. Compared to
angioplasty alone, the stenting group had higher 6-month
AV circuit patency rate and lower restenosis rate. When
evaluating a dialysis patient for stenting, one needs to
consider implications in the loss of useable venous segments
for future access creation. There are several stent grafts in the
market commonly used for dialysis AV access. The Viabahn
self-expanding stent graft (W. L. Gore & Associates;
Newark, DE, USA) combines a nitinol exterior with ePTFE
lining. The Fluency stent graft (Bard Peripheral Vascular;
Tempe, AZ, USA) is also constructed with ePTFE lining
within a Nitinol framework. Other available stent grafts
include the Wallgraft (Boston Scientific; Natick, MA, USA)
a self-expanding stent graft with polyethylene coating, and
iCAST (Atrium; Hudson, NH, USA) and the Viabahn
VBX, which are balloon expandable ePTFE-coated stents.

Complications
Vessel rupture and pseudoaneurysm

Pseudoaneurysm (false aneurysms) and vessel rupture
in hemodialysis access can be caused by several factors.
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Routine cannulation of AV access, especially repeated in the
same location, can lead to breakdown of native venous or
graft wall resulting in pseudoaneurysms (77,78). Increased
pressures in AV circuit secondary to outflow stenosis can
also predispose the vessel to rupturing (79). In addition,
aggressive angioplasty and device manipulation during
dialysis access maintenance procedures may lead to injury and
subsequent rupture of native venous or graft wall (Figure 5).
The reported incidence of vessel or graft rupture related to
angioplasty of the AV circuit is 1-16% (44,80,81). Risk of
rupture may be higher when intervention is performed on a
recently created AVF or AVG anastomosis.

Rupture or pseudoaneurysm can be treated with
prolonged balloon inflation for 2 to 3 minutes for
tamponade effect (82). If persistent contrast extravasation
occurs despite prolonged balloon inflation, stent grafts
may be utilized (83). Stent grafts are lined with ePTFE
and can be used to exclude the leak by sealing the neck of
the pseudoaneurysm. Studies have demonstrated success in
endovascular pseudoaneurysm repair with stent grafts and
minimal delay in post-procedure dialysis sessions (84,85).
Lastly, care should be exercised during angioplasty of
central venous stenoses (e.g., brachiocephalic vein, superior
vena cava), as rupture in this location can lead to fatal
cardiac tamponade. Kim et a/. (86) described an incidence of
0.39% of central vein rupture during angioplasty of central
stenoses in hemodialysis access patients; these ruptures were
treated with either balloon tamponade or stenting.

Arterial embolization

Embolization of thrombi into the arterial system during
thrombectomy of clotted AV access is uncommon and has a
reported incidence of 0-7% (31,34,37). Arterial embolism
into the arm may be detected on angiogram or based on
signs and symptoms, including pain, paresthesia, pallor,
pulselessness, pallor and paralysis. After thrombectomy, it
is important to perform an arterial angiogram of the arm
and hand especially if there is suspicion of arterial embolism
(Figure 6).

The risk of arterial embolism may be reduced by taking
the following measures. First, we recommend gentle
catheter and wire manipulation when initially navigating
past the AV anastomosis into the upstream feeding artery,
especially when the clot burden is still high. Second, gentle
advancement of the Forgarty thrombectomy balloon into
the upstream artery across the AV anastomosis should
be practiced when removing the arterial plug. Third,
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Figure 5 Venous rupture during AVF thrombectomy. (A) Stenosis near the edge of a previously placed venous outflow stent was treated with

balloon angioplasty during thrombectomy of a clotted AVE. (B) Venogram shows contrast extravasation at the angioplasty site compatible

with venous rupture (black arrow). (C) Repeat venogram after balloon tamponade still showed contained contrast extravasation compatible

with a pseudoaneurysm (black arrow). (D) A stent graft was placed (white arrows) to exclude the pseudoaneurysm. AVE, arteriovenous fistula.

Figure 6 Arterial embolism during AVF thrombectomy. (A) Initial fistulogram with retrograde diagnostic catheter in the upstream brachial

artery shows patent downstream brachial artery (black arrow). (B) Repeat fistulogram shows occlusion of the downstream brachial artery

(white arrow) concerning for arterial embolus. The thrombus was partially removed using suction thrombectomy followed by systemic

anticoagulation. AVE, arteriovenous fistula.

before angioplasty of any arterial inflow stenosis (e.g.,
juxta-anastomotic segment of AVF or arterial limb
of AVG), we recommend removing most of the clot
from the circuit first. This would reduce the risk of the
balloon inadvertently pushing clot into the artery during
angioplasty.

Several techniques have been described to remove the

clot that embolized into the upper extremity artery. First,
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a Fogarty balloon catheter may be advanced from the
AV access into the artery in a retrograde direction. Once
the Fogarty catheter is downstream of the thrombus, it is
inflated and then pulled back over a wire back into the AV
access (87). Next, the Indigo thrombectomy system can
be used to remove the arterial embolus. Once the suction
catheter is advanced to the location of the clot, the vacuum

is turned on and with continuous suction, the catheter is
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retracted back into the AV access sheath. Third, Angiojet
can be used to remove arterial clot. However, Angiojet is
known to cause fragmentation of thrombi before evacuating
the fragments into the catheter, thereby increasing the risk
of distal emboli into the hand. Lastly, Trerotola er /. (88)
described a back-bleeding method where the proximal
feeding artery is occluded with a balloon, resulting in
reversal of flow distal to the embolized artery. This will
cause the embolus to move toward AV access and away from
the artery.

PE

Clinically significant PE following thrombectomy of
clotted hemodialysis access is uncommon. Swan ez a/. (89)
reported that PE was detected on perfusion scan in 59%
of the patients following AVG declot, but only 5% of
these patients with positive PE studies were symptomatic.
Another study showed that PE was detected on perfusion
scan in 70% of the cases after PMT of clotted AVG.
However all of the PE’s were asymptomatic (90). Routine
periprocedural systemic heparin may decrease the impact
of PE. Aspiration thrombectomy using the vascular sheath
(with manual aspiration), Indigo thrombectomy system,
or Angiojet may be considered to reduce the amount of
clot that embolizes in the pulmonary artery. In patients
with low pulmonary reserve who require thrombectomy of
their clotted AV access, a careful discussion of the risk and
benefits of the procedure is recommended.

Paradoxical embolism

Paradoxical embolism to the brain occurs in patients with
intracardiac right-to-left shunts who develop deep venous
thrombosis and PE. During thrombectomy of AV access,
clot fragments are invariably dislodged and embolized into
the pulmonary arterial system (91). Moreover, patients
with patent foramen ovale (PFO) are at risk for paradoxical
embolism into the arterial circulation, especially in those
with increased right heart pressures related to chronic lung
disease, chronic thromboembolic pulmonary hypertension,
and Valsalva maneuver (92). A previous retrospective study
had shown safety in AV access declot in 23 patients with
known PFO (93). Nonetheless, careful discussion of risk
and benefits should be done when evaluating for declot
procedures in hemodialysis patients with known right-to-
left shunts or PFO.
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Surgical thrombectomy

Surgery is an established technique to salvage a thrombosed
AV access. The surgical technique involves the use of a
Fogarty thrombectomy catheter with retrograde manual
clot removal. The advantages of surgery thrombectomy
include lower risks of thrombus dislocation, minimal use of
thrombolytics, and the ability to surgically repair ruptured
access or pseudoaneurysm during the same operation.
In large aneurysmal fistulas, surgical thrombectomy is
preferred for evacuation of chronic wall-adherent thrombus,
and the aneurysm can be revised at the same time. Technical
success rates for surgical thrombectomy of AV access are
70-94% with 12-month patency rates of 68-88% for either
AVF or AVG (17,94,95).

A recent meta-analysis comparing outcomes between
endovascular and surgical thrombectomy in AVG
thrombosis (24) concluded that no significant differences
in primary patency rates were observed between the two
techniques under 90 days. Additionally, no differences in
complication rates were observed between the two groups.
However, endovascular thrombectomy had inferior long
term patency rates at first and second year compared to
surgery. Endovascular thrombectomy was also associated
with higher technical failure rates compared to its surgical
counterpart.

Conclusions

Thrombectomy of clotted AVF or AVG prevents missed or
delayed hemodialysis sessions and abandonment of access.
Access surveillance may detect issues with the AV circuit
early before thrombosis. Endovascular techniques have
largely replaced surgery in the treatment of clotted access.
Although thrombectomy techniques may vary depending
on the operator and device availability, they all include the
general steps of clot removal and dilatation of underlying
stenosis that precipitated the thrombosis. Recent studies
have shown that most thrombectomy procedures involve a
variation of PMT with and without advanced thrombectomy
devices, such as rheolytic or vacuum-assisted thrombectomy.
Adjunctive treatments of refractory stenosis in the circuit
using DCB or stent graft may improve long term patency of
AV access. Thrombectomy of clotted AV access is generally
safe with high technical and clinical success rates. Patient
selection is important in preventing major complications
such as clinically significant PE and paradoxical embolism.
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Complications specific to thrombectomy such as vessel/
graft rupture and arterial embolism can be prevented or
treated if they do occur.
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