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Comprehensive management of arteriovenous malformation is crucial for optimizing patient
outcomes, minimizing risks, and preventing life-threatening complications. Arteriovenous
malformations (AVMs) are complex vascular anomalies characterized by an abnormal tangle of
blood vessels where arteries directly connect to veins, bypassing the capillary system. These
malformations can occur anywhere in the body but are most commonly found in the brain and spinal
cord. Due to their intricate nature and potential for severe hemorrhage, a multidisciplinary approach
is essential for effective management. This article provides an in-depth overview of strategies
involved in the comprehensive management of AVMs, encompassing diagnosis, treatment options,
and follow-up care.

Understanding Arteriovenous Malformations
Definition and Pathophysiology
Arteriovenous malformations are congenital vascular anomalies resulting from abnormal
development of blood vessels during embryogenesis. The hallmark feature is a nidus?a tangled web
of abnormal vessels?through which high-pressure arterial blood bypasses the capillaries and flows
directly into the venous system. This abnormal shunting can lead to vessel dilation, hemorrhage,
and neurological deficits if located in the nervous system.
Locations and Clinical Presentation

- Cerebral AVMs: May present with headaches, seizures, neurological deficits, or hemorrhage.

- Spinal AVMs: Can cause back pain, weakness, or paralysis.
- Peripheral AVMs: Often manifest as a pulsatile mass, swelling, or skin discoloration.

Diagnosis of Arteriovenous Malformations
Imaging Modalities

Accurate diagnosis is fundamental to devising a management plan. The following imaging
techniques are commonly employed:
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- Magnetic Resonance Imaging (MRI): Provides detailed images of the brain or spinal cord,
identifies hemorrhage, edema, and the AVM's relationship to surrounding structures.

- Magnetic Resonance Angiography (MRA): Non-invasive assessment of vascular anatomy.

- Computed Tomography Angiography (CTA): Rapid visualization of vascular structures,
useful in emergency settings.

- Digital Subtraction Angiography (DSA): Gold standard for detailed visualization of AVMs,
nidus architecture, feeding arteries, and draining veins. It guides intervention planning.

Role of Multidisciplinary Evaluation

- Neurosurgeons

- Interventional neuroradiologists
- Neurologists

- Vascular surgeons

- Radiologists

This team collaborates to interpret imaging, assess hemorrhage risk, and plan tailored treatment
strategies.

Management Strategies for AVMs

Effective management hinges on balancing the risks of intervention against the natural history of
AVMs. Several treatment modalities are available, often used in combination.

Surgical Management
Microsurgical Resection

- Considered the definitive treatment for accessible AVMs with a high chance of complete
removal.

- Indications include superficial location, accessible nidus, and low surgical risk.

- Outcomes are favorable when performed by experienced neurosurgeons, with high rates of

obliteration and low recurrence.

Preoperative Planning

- Detailed imaging to delineate vascular anatomy.
- Embolization may be performed beforehand to reduce intraoperative bleeding.
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Endovascular Embolization

- Minimally invasive procedure that involves catheter-based delivery of embolic agents (e.g., coils,
glue, Onyx) to occlude feeding arteries or the nidus.

- Often used as a standalone treatment for small AVMs or as an adjunct to surgery or
radiosurgery.

- Benefits include reducing AVM size, decreasing hemorrhage risk, and facilitating surgical
resection.

Stereotactic Radiosurgery

- Focused radiation (e.g., Gamma Knife, CyberKnife) induces gradual obliteration of AVMs by
promoting endothelial proliferation and vessel occlusion.

- Effective for small to medium AVMs located in eloquent brain areas where surgery poses
significant risks.

- Obliteration typically occurs over 2-3 years; hence, it?s a deferred treatment option.

Conservative Management and Observation
- For unruptured AVMs with low hemorrhage risk, observation may be chosen.

- Regular monitoring with imaging is essential.
- Patient counseling regarding risks and symptoms is vital.

Individualized Treatment Approaches
Management should be tailored based on:
- Size and location of the AVM
- Presence of hemorrhage or neurological deficits
- Patient age, comorbidities, and preferences
- Potential risks associated with each modality
The Spetzler-Martin grading system helps evaluate surgical risk and guides treatment decisions.

Post-Treatment Care and Follow-Up

Monitoring for Recurrence and Complications
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- Regular imaging (MRI, DSA) to confirm AVM obliteration.

- Surveillance for hemorrhage, seizures, or neurological deficits.

- Management of treatment-related complications such as edema, radiation necrosis, or vascular
ischemia.

Rehabilitation and Supportive Care

- Neurological rehabilitation for deficits.
- Seizure management with antiepileptic drugs.
- Psychological support and counseling.

Emerging Therapies and Future Directions

Advances in understanding AVM pathogenesis are paving the way for novel treatments:

- Pharmacological agents targeting angiogenesis.

- Molecular therapies to stabilize abnormal vessels.

- Improved embolic materials and delivery techniques.

- Genetic research contributing to personalized medicine.

Conclusion

The comprehensive management of arteriovenous malformations requires a multidisciplinary
approach that integrates precise diagnosis, individualized treatment planning, and diligent follow-up.
While surgical resection remains the gold standard for accessible AVMs, endovascular embolization
and stereotactic radiosurgery expand the armamentarium, especially for inoperable or high-risk
cases. Early detection, careful risk assessment, and tailored interventions are paramount to
reducing hemorrhagic events and improving quality of life for affected patients. Continued research
and technological innovations promise to enhance therapeutic outcomes and expand options for
managing these complex vascular anomalies.

Comprehensive Management of Arteriovenous Malformation (AVM): An In-Depth Review
Introduction

Arteriovenous malformation (AVM) represents a complex vascular anomaly characterized by a
tangled web of abnormal arteries and veins directly connected without an intervening capillary bed.

These formations can occur throughout the body but are most notably significant when located
within the central nervous system, where they pose substantial risks due to potential hemorrhage,
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neurological deficits, and other complications. Managing AVMs requires a nuanced understanding of
their pathophysiology, clinical presentation, diagnostic modalities, and a spectrum of therapeutic
options. This article provides a comprehensive exploration of AVM management, emphasizing
current best practices, emerging techniques, and considerations for individualized patient care.

Understanding Arteriovenous Malformations: Pathophysiology and
Clinical Significance

Pathophysiology of AVMs

AVMs are congenital vascular anomalies that develop during embryonic vascular formation. They
consist of a nidus?a tangled cluster of abnormal vessels?where arterial feeders directly shunt blood
into draining veins, bypassing the capillary network. This aberrant connection results in high-flow,
low-resistance channels that can exert significant hemodynamic stress on adjacent vessels. Over
time, these shunts may enlarge and cause structural vessel changes, including dilatation and
rupture.

The underlying mechanisms involve genetic factors, with some AVMs associated with hereditary
conditions such as hereditary hemorrhagic telangiectasia (HHT). Environmental factors are less
implicated, as AVMs are primarily congenital, though acquired AVMs can rarelly develop
post-trauma or iatrogenically.

Clinical Manifestations

The presentation of AVMs varies based on location, size, and flow dynamics:

- Neurological AVMs: Often present with hemorrhage, seizures, headaches, or focal neurological
deficits.

- Cerebral AVMs: Hemorrhage is the most common presentation, sometimes catastrophic.

- Peripheral AVMs: Manifest as pulsatile masses, pain, skin ulceration, or limb hypertrophy.

- Other systemic AVMs: Can cause high-output cardiac failure if extensive.

The risk of hemorrhage is a primary concern, especially in cerebral AVMs, where rupture can lead to
intracranial hemorrhage, neurological deterioration, or death.

Diagnostic Evaluation of AVMs
Imaging Modalities

Accurate diagnosis and detailed characterization of AVMs are critical for planning management:
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- Digital Subtraction Angiography (DSA): The gold standard, providing dynamic, high-resolution
visualization of the AVM?s angioarchitecture, including feeding arteries, the nidus, and draining
veins.

- Magnetic Resonance Imaging (MRI) and MR Angiography (MRA): Offer detailed soft tissue
contrast and are useful for initial assessment, especially in neurological AVMs.

- Computed Tomography Angiography (CTA): Rapid and less invasive, useful for detecting
hemorrhage or calcification.

- Doppler Ultrasound: Applied in peripheral AVMs for superficial lesions, providing flow velocity
and vessel morphology.

Assessment of Hemorrhage Risk
Key factors influencing management decisions include:
- Size and location of the AVM
- Flow dynamics (high vs. low flow)
- Venous drainage patterns
- History of prior hemorrhage

- Patient age and comorbidities

A multidisciplinary team evaluates these parameters to stratify hemorrhage risk and therapeutic
urgency.

Management Strategies for AVMs

Effective AVM treatment aims to eliminate the nidus, prevent hemorrhage, and preserve
neurological or functional integrity. Approaches are often combined, tailored, and sequential.

Surgical Resection
Indications:
- Superficial or accessible AVMs
- Single, well-defined nidus
- Prior hemorrhage with accessible lesions

- Low surgical risk profile

Advantages:
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- Immediate removal of the nidus
- Definitive treatment with low recurrence

Limitations:
- Invasiveness and potential neurological deficits
- Not suitable for deep or eloquent area AVMs
Surgical techniques:
- Craniotomy with microsurgical excision
- Preoperative embolization to reduce intraoperative bleeding
Endovascular Embolization
Principle:

Microcatheters deliver embolic agents directly into feeding arteries, occluding the nidus or feeders to
reduce flow or facilitate surgical resection.

Indications:

- Preoperative reduction of AVM size

- Definitive treatment in selected cases

- Treatment of inaccessible or deep AVMs
Embolic Agents:

- Onyx (ethylene vinyl alcohol copolymer)

- N-butyl cyanoacrylate (NBCA)

- Ethanol (more aggressive, risk of complications)
Advantages:

- Minimally invasive
- Can target specific feeders
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Limitations:

- Risk of non-target embolization

- Potential for recanalization and recurrence
Stereotactic Radiosurgery (SRS)
Principle:

Delivery of focused high-dose radiation to induce gradual obliteration of the AVM nidus through
endothelial proliferation and vessel occlusion.

Indications:
- Deep or eloguent brain AVMs unsuitable for surgery
- Small to medium-sized lesions (typically
- Patients with high surgical risk
Advantages:
- Non-invasive
- High obliteration rates over 2-3 years
Limitations:
- Delayed effect (up to 3 years)
- Risk of radiation-induced necrosis
- Not suitable for large AVMs
Combined Modalities and Multidisciplinary Approach
Most AVMSs require a combination of treatments for optimal outcomes:
- Embolization followed by surgery

- Embolization prior to SRS
- SRS to residual AVM post-embolization or surgery
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A team comprising neurosurgeons, interventional neuroradiologists, radiation oncologists, and
neurologists collaborates to formulate individualized plans.

Emerging and Future Perspectives in AVM Management

Advances in imaging, embolic materials, and stereotactic techniques have enhanced treatment
safety and efficacy. Emerging options include:

- Flow diversion devices: Originally for aneurysms but under investigation for AVMs.

- Targeted molecular therapies: Research into genetic pathways involved in AVM formation and
growth.

- Intraoperative imaging advancements: Real-time MRI and 3D navigation improve surgical
precision.

- Robotic-assisted interventions: Enhancing navigation and accuracy in complex cases.

Ongoing clinical trials aim to refine risk stratification, optimize treatment algorithms, and develop
minimally invasive options.

Complications and Post-Treatment Considerations

Potential complications:

- Hemorrhage during or after treatment
- Neurological deficits

- Radiation-induced necrosis

- Embolization-related ischemia

- Recurrence or residual AVM

Post-treatment surveillance:
- Regular imaging (MRI, DSA) to confirm obliteration
- Clinical monitoring for neurological changes

- Long-term follow-up, especially after radiosurgery, due to delayed effects

Patient counseling is vital to set realistic expectations, discuss risks, and ensure adherence to
follow-up protocols.

Conclusion: Towards Personalized and Evolving Management
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Paradigms

Managing arteriovenous malformations remains a complex endeavor that demands a
comprehensive, multidisciplinary approach. While traditional treatments like surgery, embolization,
and radiosurgery have established roles, advances in technology and understanding of AVM biology
are paving the way for more personalized, less invasive, and more effective therapies. The goal
remains clear: to prevent hemorrhage and neurological deterioration while minimizing
treatment-related morbidity. As research progresses, integrating emerging therapies, improved
imaging, and genetic insights promises to enhance outcomes and quality of life for patients affected
by these challenging vascular anomalies.

QuestionAnswer What is an arteriovenous malformation (AVM), and how does it develop? An
arteriovenous malformation (AVM) is a congenital tangle of abnormal blood vessels connecting
arteries and veins, bypassing the capillary system. It develops due to faulty vascular development
during embryogenesis, leading to a nidus of tangled vessels that can cause abnormal blood flow
and potential bleeding. What are the common clinical presentations of AVMs? AVMs can present
with a variety of symptoms including headaches, seizures, neurological deficits, or bleeding such as
intracranial hemorrhage. The presentation depends on the size, location, and whether the AVM has
ruptured. What are the main treatment options for AVMs? Treatment options include microsurgical
resection, endovascular embolization, stereotactic radiosurgery, or a combination of these
modalities, tailored to the AVM?s size, location, and patient's overall health. How is the treatment
plan for a patient with AVM determined? The treatment plan involves detailed neuroimaging
assessment (MRI, CTA, or DSA), evaluation of hemorrhagic risk, AVM size and location, and patient
factors. A multidisciplinary team determines whether surgical resection, embolization, radiosurgery,
or conservative management is most appropriate. What are the risks associated with AVM
treatments? Risks include bleeding during or after treatment, neurological deficits, infection, stroke,
or incomplete obliteration of the AVM. The specific risks vary depending on the treatment modality
and AVM location. What is the role of embolization in AVM management? Endovascular
embolization is used to reduce AVM size, decrease blood flow, and facilitate surgical removal or
radiosurgery. It can also serve as a definitive treatment in selected cases where surgery is high risk.
When is stereotactic radiosurgery indicated for AVMs? Radiosurgery is typically indicated for small
to medium-sized AVMs located in eloquent or deep brain areas where surgical resection carries high
risk. It offers a minimally invasive option with a delayed but effective obliteration rate. What are the
long-term outcomes after comprehensive AVM management? Long-term outcomes depend on the
success of AVM obliteration and prevention of hemorrhage. Complete obliteration reduces
rebleeding risk, and patients require regular follow-up imaging to monitor for recurrence or residual
AVMs. How important is a multidisciplinary team in managing AVMs? A multidisciplinary
team?including neurosurgeons, interventional neuroradiologists, radiation oncologists, and
neurologists?is essential for individualized treatment planning, minimizing risks, and optimizing
patient outcomes in AVM management. Are there any emerging therapies or research directions in
AVM management? Emerging approaches include novel embolic agents, advanced imaging
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techniques for better planning, and targeted molecular therapies. Research is ongoing to improve
treatment efficacy, reduce risks, and understand the genetic factors involved in AVM formation.

Related keywords: arteriovenous malformation, AVM treatment, vascular malformation,

endovascular therapy, neurovascular intervention, AVM embolization, intracranial AVM, vascular
anomalies, brain hemorrhage, neurovascular surgery
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Diagnostic And Interventional Radiology Of
Arteriovenous Accesses For Hemodialysis

**Diagnostic and Interventional Radiology of Arteriovenous Accesses for Hemodialysis**
diagnostic and interventional radiology of arteriovenous accesses for

hemodialysis plays a pivotal role in the management and maintenance of
vascular

access in patients undergoing hemodialysis. For individuals with end-stage renal disease,
a reliable and functional arteriovenous (AV) access is life-sustaining, as it allows e?ective
removal and return of blood during dialysis sessions. Radiology not only aids in diagnosing
complications related to these accesses but also 0?ers minimally invasive treatment
options that can prolong their usability, minimizing the need for surgical interventions.
Understanding the critical function of AV ?stulas and grafts in dialysis, this article explores
how modern imaging techniques and interventional radiology procedures optimize patient
outcomes. We will delve into the diagnostic tools used to evaluate AV access, common

complications encountered, and the interventional strategies that help maintain patency



Comprehensive Management Of Arteriovenous Malform Latest Edition Vol. 2026, Issue 12

and function.

The Role of Diagnostic Radiology in AV Access Evaluation

Before any intervention, accurate and timely diagnosis of AV access problems is essential.
Diagnostic radiology provides a window into the vascular system, enabling clinicians to
assess the anatomy and function of the access site.

Imaging Modalities Used for Assessment

Several imaging techniques are routinely employed to evaluate arteriovenous accesses:

Ultrasound Doppler: This is often the ?rst-line imaging tool. It provides
real-time

visualization of blood ?ow, vessel diameter, and can detect stenosis or thrombosis.

Doppler ultrasound is non-invasive, widely available, and does not expose patients

to radiation.

Contrast Venography: Considered the gold standard for detailed vascular

2.

mapping, contrast venography involves injecting contrast dye to visualize the veins

and arteries under ?uoroscopy. It precisely identi?es stenotic segments, occlusions,

and collateral circulation, guiding interventional planning.

Magnetic Resonance Angiography (MRA): This modality o?ers high-resolution
3.

images without ionizing radiation. It is particularly useful in patients with
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contraindications to iodinated contrast agents used in venography, though

gadolinium contrast must be used cautiously in renal failure.

Computed Tomography Angiography (CTA): CTA can also delineate vascular
4.

anatomy but is less commonly used due to radiation exposure and contrast

nephrotoxicity concerns.

Common Diagnostic Findings in AV Access Problems

Diagnostic imaging frequently reveals issues such as:

Stenosis: Narrowing of the venous out?ow or arterial in?ow segments, which
can

lead to reduced blood ?ow and dialysis ine?ciency.

Thrombosis: Occlusion of the AV access due to clot formation, a major cause
of

access failure.

Aneurysms and Pseudoaneurysms: Localized dilations of the vessel wall,
which

increase the risk of rupture or skin erosion.

Central Venous Occlusion: Blockage of central veins that impairs out?ow and

4.
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causes swelling or access dysfunction.

Interventional Radiology Techniques for AV Access Maintenance
Once a diagnosis is established, interventional radiology o?ers a spectrum of minimally
invasive treatment options that can restore and preserve AV access function, often
avoiding the need for surgical revision.

Balloon Angioplasty for Stenosis

Percutaneous transluminal angioplasty (PTA) is the cornerstone treatment for stenotic
lesions in AV accesses. Under ?uoroscopic guidance, a catheter-mounted balloon is
advanced to the narrowed segment and in?ated to dilate the vessel.

This procedure improves blood ?ow, alleviates symptoms like prolonged bleeding or

inadequate dialysis clearance, and can be repeated if restenosis occurs.

Drug-coated balloons are increasingly used to reduce restenosis rates by delivering

antiproliferative medication directly to the vessel wall.

Thrombectomy and Thrombolysis

Thrombosis is an emergency that can render the access unusable. Interventional
radiologists employ several techniques:

Mechanical Thrombectomy: Devices physically remove or fragment the clot.

Chemical Thrombolysis: Catheter-directed infusion of thrombolytic agents
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dissolves clots over hours.

Often combined with angioplasty to treat underlying stenosis and prevent recurrent

thrombosis.

Stent Placement

In cases where angioplasty alone fails to maintain vessel patency, or when elastic recoil or
dissection occurs, stents may be placed to sca?old the vessel open. Covered stents are
sometimes used to exclude aneurysms or pseudoaneurysms.

Managing Central Venous Occlusions

Central venous stenosis or occlusion can cause arm swelling and compromise AV access
function. Interventional radiology can perform angioplasty or stenting in these central
veins to restore adequate out?ow.

Challenges and Advances in Radiological Management of AV
Accesses

The dynamic nature of AV accesses presents multiple challenges. Repeated interventions
are often necessary due to recurrent stenosis or thrombosis. Moreover, patient-speci?c
factors such as vessel quality, comorbidities, and access type in?uence outcomes.
Emerging Technologies

Recent advances aim to improve long-term patency and reduce complications:
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Drug-Eluting Devices: Beyond drug-coated balloons, drug-eluting stents are in

development to reduce neointimal hyperplasia.

Intravascular Ultrasound (IVUS): IVUS provides detailed vessel wall imaging

from inside the vessel, enhancing diagnostic accuracy and guiding interventions.
Bioresorbable Stents: These temporary sca?olds dissolve over time, potentially
3.

reducing long-term complications.

Multidisciplinary Collaboration

Optimal management of AV accesses requires close collaboration between nephrologists,
vascular surgeons, and interventional radiologists. Early detection of access dysfunction
through regular clinical and imaging surveillance is key to timely intervention.

Patient Considerations and Tips for Access Longevity

While diagnostic and interventional radiology are essential, patient education and care
practices signi?cantly impact access survival.

Monitoring: Patients should regularly check for signs of infection, swelling, or

changes in thrill or bruit and report immediately.

Access Protection: Avoiding trauma, blood pressure measurements, or

2.
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intravenous lines on the access arm helps prevent complications.

Timely Imaging: Routine ultrasound surveillance can catch problems before
3.

clinical symptoms develop.

Understanding the interplay between clinical care and radiological intervention empowers
patients and clinicians alike to maximize the bene?ts of hemodialysis.

The ?eld of diagnostic and interventional radiology of arteriovenous accesses for
hemodialysis continues to evolve, improving quality of life for patients dependent on
these lifelines. With advances in imaging and minimally invasive therapies, maintaining
functional vascular access is more achievable than ever, underscoring the importance of
radiology in modern nephrology care.

Question

Answer

What is the role of diagnostic

radiology in evaluating

arteriovenous accesses for

hemodialysis?

Diagnostic radiology plays a crucial role in assessing

arteriovenous accesses by using imaging modalities

such as ultrasound, ?stulography, and CT angiography
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to detect stenosis, thrombosis, aneurysms, and other

complications that may impair hemodialysis e?ciency.

How does interventional

radiology improve the

patency of arteriovenous

?stulas and grafts?

Interventional radiology improves patency by

performing minimally invasive procedures like

angioplasty to dilate stenotic segments, thrombectomy

to remove clots, and stent placement to maintain vessel

openness, thereby prolonging the functional lifespan of

the access.

What are the common

complications of

arteriovenous accesses that

can be managed by

interventional radiology?

Common complications include stenosis, thrombosis,

pseudoaneurysms, and infections. Interventional

radiology can manage these through angioplasty,

thrombolysis, stent graft placement, and abscess

Vol. 2026, Issue 12
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drainage, minimizing the need for surgical revision.

When is ?stulography

indicated in the management

of hemodialysis

arteriovenous accesses?

Fistulography is indicated when there is clinical

suspicion of access dysfunction such as decreased ?ow,

prolonged bleeding, or swelling. It provides detailed

visualization of the vascular anatomy and helps identify

stenosis, occlusions, or other abnormalities requiring

intervention.

What advancements in

imaging techniques have

enhanced the evaluation of

arteriovenous accesses?

Advancements include high-resolution duplex

ultrasound with Doppler ?ow analysis, contrast-

enhanced ultrasound, and 3D CT angiography, which

o?er improved visualization of vessel morphology and

hemodynamics, facilitating accurate diagnosis and

Vol. 2026, Issue 12
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treatment planning.

How does interventional

radiology contribute to the

treatment of central venous

stenosis in hemodialysis

patients?

Interventional radiology treats central venous stenosis

through percutaneous transluminal angioplasty and

stenting, which restore central venous out?ow, prevent

access failure, and alleviate symptoms such as arm

swelling and venous hypertension.

What are the risks associated

with interventional radiology

procedures on arteriovenous

accesses, and how are they

mitigated?

Risks include bleeding, infection, vessel rupture, and

contrast-induced nephropathy. These are mitigated by

careful patient selection, use of ultrasound guidance,

minimizing contrast volume, sterile technique, and

prompt management of complications during and after

Vol. 2026, Issue 12
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the procedure.

Diagnostic and Interventional Radiology of Arteriovenous Accesses for Hemodialysis:
Advances and Clinical Implications

diagnostic and interventional radiology of arteriovenous accesses for

hemodialysis represents a critical domain in the management of patients
undergoing

renal replacement therapy. As hemodialysis remains a lifeline for individuals with end-
stage renal disease, ensuring the patency and functionality of vascular access becomes
paramount. Radiological techniques, both diagnostic and therapeutic, have evolved
signi?cantly, o?ering minimally invasive solutions that improve patient outcomes and
reduce the need for surgical interventions.

Understanding Arteriovenous Access in Hemodialysis

Arteriovenous (AV) accesses, primarily AV ?stulas and grafts, serve as the vascular
conduits facilitating e?cient dialysis. Their creation involves connecting an artery directly
to a vein or using a synthetic graft to bridge the two, thereby enabling repeated needle
insertions and high-?ow blood circulation. However, these accesses are prone to
complications, including stenosis, thrombosis, and infections, which may jeopardize
dialysis e?ciency.

Diagnostic and interventional radiology of arteriovenous accesses for hemodialysis
focuses on early detection, characterization, and treatment of these complications.

Imaging modalities provide detailed visualization of vascular anatomy and pathology,
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guiding therapeutic decisions that prolong the life of the access.

Diagnostic Radiology Techniques for AV Access Evaluation

The cornerstone of diagnosing AV access dysfunction lies in precise imaging. Various
radiologic tools are employed to assess the vascular integrity and ?ow dynamics.
Ultrasound and Doppler Imaging

Color Doppler ultrasound is often the ?rst-line, non-invasive imaging modality used to
evaluate AV accesses. It enables visualization of vessel morphology, blood ?ow velocity,
and detection of stenotic segments or thrombosis. Its advantages include accessibility,
absence of ionizing radiation, and real-time assessment.

However, ultrasound may be limited in obese patients or those with deep-seated vessels.
In such cases, further imaging is warranted.

Contrast-Enhanced Angiography

Digital subtraction angiography (DSA) remains the gold standard for detailed vascular
mapping. It allows precise identi?cation of stenoses, occlusions, and collateral circulation.
Contrast-enhanced studies provide high spatial and temporal resolution images but bear
risks related to iodinated contrast agents, such as nephrotoxicity and allergic reactions.
Magnetic resonance angiography (MRA) and computed tomography angiography (CTA)
o?er alternative cross-sectional imaging options. MRA avoids radiation and iodinated
contrast but may be less available and contraindicated in patients with certain implants.

CTA provides rapid imaging but involves radiation exposure.
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Interventional Radiology in AV Access Management

Interventional radiology (IR) has revolutionized the management of AV access
complications by o?ering minimally invasive treatments that preserve access function
without surgical intervention. These procedures are typically performed under
?uoroscopic guidance in an angiography suite.

Percutaneous Transluminal Angioplasty (PTA)

PTA is the primary treatment for stenotic lesions within AV accesses. Using balloon
catheters, IR specialists dilate narrowed segments to restore adequate blood ?ow. This
technique boasts high technical success rates, often exceeding 80%, with immediate
hemodynamic improvements.

There are nuances in balloon selection, such as high-pressure or cutting balloons,
depending on lesion characteristics. Despite PTA?s e?cacy, restenosis rates remain
signi?cant, necessitating periodic surveillance and repeat interventions.

Stent Placement

In cases of recurrent stenosis or elastic recoil post-angioplasty, stent deployment may be
indicated. Covered stents, also known as stent grafts, can exclude intimal hyperplasia and
improve patency compared to bare-metal stents. However, stents may complicate future
surgical revisions and are typically reserved for select scenarios.

Thrombectomy and Thrombolysis

Acute thrombosis is a common cause of AV access failure. IR techniques include

pharmacologic thrombolysis, mechanical thrombectomy devices, or a combination
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thereof. These approaches aim to rapidly restore ?ow, often in conjunction with
angioplasty to treat underlying stenoses contributing to thrombosis.

Comparative E?cacy and Considerations in Radiologic

Interventions

Several studies have analyzed the long-term patency and outcomes associated with
diagnostic and interventional radiology of arteriovenous accesses for hemodialysis. While
surgical revision remains an option, IR procedures typically o?er lower morbidity, shorter
recovery times, and repeatability.

However, some limitations persist:

Restenosis rates: PTA often requires multiple sessions due to recurrent
narrowing.

Contrast-related risks: Especially in patients with residual renal function,
contrast

nephropathy is a concern.

Access-speci?c challenges: Central venous stenosis or complex anatomy may
3.

limit procedural success.

Emerging technologies, such as drug-coated balloons and bioresorbable sca?olds, are

being investigated to address these challenges.



Comprehensive Management Of Arteriovenous Malform Latest Edition Vol. 2026, Issue 12

Role of Imaging Surveillance

Routine surveillance using duplex ultrasound and clinical monitoring is recommended to
detect early dysfunction. Proactive radiologic evaluation can identify stenosis before
thrombosis occurs, allowing preemptive angioplasty and extending access longevity.
Integration of Multidisciplinary Care

Optimal management of AV accesses requires close collaboration between nephrologists,
vascular surgeons, and interventional radiologists. Diagnostic and interventional radiology
of arteriovenous accesses for hemodialysis serves as a linchpin in this multidisciplinary
approach, balancing timely intervention with preservation of vascular resources.
Advances in imaging protocols and interventional devices continue to enhance the
precision and safety of these procedures, ultimately improving dialysis adequacy and
patient quality of life.

As the population of dialysis-dependent patients grows, the role of radiology in
maintaining functional vascular access is poised to expand, underscoring the importance
of ongoing research and innovation in this specialized ?eld.

arteriovenous ?stula, hemodialysis access, vascular access imaging, interventional
radiology, AV graft, angioplasty, thrombectomy, ultrasound-guided access, ?stulography,

dialysis access maintenance
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