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ABSTRACT

This study aims to evaluate the effectiveness of advanced non-contrast MR angiography (NC-MRA) using Time-of-Flight (TOF) and Quiescent-
Inflow Single-Shot (QISS) techniques, in diagnosing Peripheral Arterial Disease (PAD) in patients with renal failure. The goal is to assess these
techniques' diagnostic accuracy, safety, and practical challenges for this patient population. Methods: We conducted a prospective study involving
50 patients with renal failure diagnosed with PAD. Each patient underwent non-contrast MR angiography using TOF and QISS MRA on a 3T MRI
scanner. TOF was employed to obtain detailed images of peripheral arterial structures, while QISS MRA provided high-resolution, single-breath-
hold imaging of the vascular system to reduce motion artefacts. The diagnostic performance of each technique was evaluated based on its ability to
detect and characterize arterial stenosis and occlusions. Safety was assessed by monitoring for adverse events and collecting patient feedback
regarding comfort and ease of the procedure. Results: The study demonstrated that NC-MRA techniques, including TOF and QISS MRA,
effectively identified and characterized PAD in patients with renal failure. The diagnostic accuracy for detecting major arterial lesions was high
across all techniques, though there were some challenges in visualizing small vessel disease. No adverse events related to the imaging procedures
were reported, and patients expressed high satisfaction with the non-contrast approach. Conclusion: Advanced non-contrast MR angiography is a
valuable tool for evaluating PAD in patients with renal failure. These techniques offer detailed diagnostic capabilities while avoiding the risks

associated with contrast agents.
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INTRODUCTION

Advanced non-contrast MR angiography (MRA) is a pivotal imaging
technique for assessing peripheral arterial disease (PAD) in patients
with renal failure. By eliminating the use of contrast agents, it
mitigates the risk of contrast-induced nephropathy, a significant

concern in this population. Techniques like Time-of-Flight and
Quiescent-Inflow Single-Shot MRA enhance visualization of vascular
structures, providing detailed insights into arterial occlusions and
stenosis. Non-contrast MRA not only aids in diagnosis and
preoperative planning but also facilitates monitoring disease
progression, making it a valuable, safe alternative for managing PAD
in patients with compromised renal function.

MATERIALSAND METHODS

We conducted a prospective study involving 50 patients with renal
failure diagnosed with PAD. Each patient underwent non-contrast MR
angiography using TOF and QISS MRA on a 3T MRI scanner. TOF
was employed to obtain detailed images of peripheral arterial
structures, while QISS MRA provided high-resolution, single-breath-
hold imaging of the vascular system to reduce motion artefacts. The
diagnostic performance of each technique was evaluated based on its
ability to detect and characterize arterial stenosis and occlusions.
Safety was assessed by monitoring for adverse events and collecting
patient feedback regarding comfort and ease of the procedure.

RESULTS

The study demonstrated that NC-MRA techniques, including TOF and
QISS MRA, effectively identified and characterized PAD in patients
with renal failure. QISS MRA, in particular, provided high-resolution
images with minimal motion artefacts, enhancing the assessment of
arterial stenosis and occlusions. The diagnostic accuracy for detecting
major arterial lesions was high across all techniques, though there were
some challenges in visualizing small vessel disease. No adverse events
related to the imaging procedures were reported, and patients
expressed high satisfaction with the non-contrast approach.

DISCUSSION:
Peripheral arterial disease (PAD) is a common condition characterized
by the narrowing of peripheral arteries, typically in the legs, due to

atherosclerosis. It is particularly prevalent among patients with renal
failure, a population that poses unique challenges for diagnostic
imaging. Traditional imaging modalities, including contrast-enhanced
angiography, often present risks for these patients, such as contrast-
induced nephropathy (CIN). Non-contrast magnetic resonance
angiography (MRA) has emerged as a valuable alternative, providing a
safer and effective means to evaluate vascular conditions. This
discussion will explore the fundamentals of PAD, the advancements in
non-contrast MRA techniques, and their clinical applications(1).

Understanding Peripheral Arterial Disease

PAD results from the accumulation of fatty deposits (atherosclerosis)
in the arterial walls, leading to reduced blood flow. The primary risk
factors include hypertension, diabetes, smoking, and hyperlipidemia.
In patients with renal failure, the risk of PAD is exacerbated due to
factors such as altered lipid metabolism, chronic inflammation, and
vascular calcification. The classic symptom of PAD is intermittent
claudication, which manifests as pain or cramping in the legs during
physical activity. In severe cases, patients may experience rest pain or
ulcers. Diagnosis typically involves a combination of patient history,
physical examination, and non-invasive tests such as the ankle-
brachial index (ABI) and imaging studies(1,2).

Traditional Imaging Techniques

Contrast-Enhanced Angiography - Contrast-enhanced angiography
has been the gold standard for visualizing arterial structures. However,
in patients with renal failure, the use of iodinated contrast agents can
lead to CIN, a potentially serious condition that can further
compromise renal function. This risk necessitates the exploration of
alternative imaging modalities(3,4).

Doppler Ultrasound - Doppler ultrasound is another commonly used
tool for assessing blood flow in peripheral arteries. While it is safe and
widely available, it is operator-dependent and may not provide
comprehensive visualization of the vascular anatomy.

Advancements in Non-Contrast MR Angiography

Basic Principles of MR Angiography: Magnetic resonance imaging
(MRI) employs strong magnetic fields and radiofrequency pulses to
generate detailed images of internal structures.

| 6 |—| International Journal of Scientific Research I



Volume - 13 | Issue - 11 | November - 2024

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

No Contrast Agents Required: Safety in Renal Failure: Patients with
renal failure are at higher risk for contrast-induced nephropathy (CIN)
due to the use of gadolinium-based contrast agents in traditional MR
angiography. Non-contrast MR angiography avoids this risk, making it
safer for these patients. Reduced Risk of Allergic Reactions: Since
there's no use of contrast agents, the risk of allergic reactions is
eliminated.

High-Resolution Imaging: Detailed Visualization: Advanced non-
contrast MR angiography techniques, such as Time-of-Flight (TOF) or
Quiescent-Inflow Single-Shot (QISS), can provide high-resolution
images of the peripheral arteries, allowing for detailed assessment of
vascular structures.

Assessment of Vessel Morphology: It can accurately assess vessel
morphology, detect stenosis, and evaluate the extent of arterial
occlusion or blockage.

Improved Patient Comfort: Less Invasive: The absence of contrast
agents generally means fewer procedures and complications, which
can improve patient comfort and overall experience.

MRA utilizes these principles to specifically visualize blood vessels.
Non-contrast MRA techniques leverage the natural properties of blood
flow and magnetic properties of tissues to produce images without the
need for contrast agents(5-7).

Techniques in Non-Contrast MRA

Time-of-Flight (TOF) MRA:

TOF MRA is one of the earliest non-contrast techniques. It captures
signals from moving blood while suppressing signals from stationary
tissues. This method is particularly effective for imaging arteries.

Phase Contrast (PC) MRA:

PC MRA measures the phase shift of moving blood compared to
surrounding tissues, allowing for the quantification of blood flow
velocity. This technique is useful for assessing both arterial and venous
systems.

Quiescent-Inflow Single-Shot (QISS):

It utilizes a quiescent inflow preparation method, allowing for rapid
acquisition of high-resolution images while suppressing background
noise from static tissues. QISS provides high-resolution imaging with
significantly reduced motion artefacts due to its single-breath-hold
acquisition, whereas TOF MRA often struggled with motion artefacts
and required longer imaging times.

Enhanced Non-Contrast MRA Techniques:

Recent advancements include the use of respiratory gating, cardiac
synchronization, and novel pulse sequences to improve image quality
and reduce artefacts. Techniques such as compressed sensing and deep
learning algorithms are being explored to enhance spatial resolution
and reduce scan times.

Magnetic Resonance Vessel Wall Imaging (MRVWI):

MRVWI provides insights into the vessel wall's condition, allowing
for the assessment of plaque morphology and inflammation. This is
particularly beneficial in understanding the etiology of PAD in renal
failure patients.

Clinical Applications of Non-Contrast MR Angiography
Diagnostic Evaluation of PAD

Non-contrast MRA has proven effective in diagnosing PAD, offering a
detailed assessment of arterial occlusions and stenosis. Studies
indicate that non-contrast MRA has comparable sensitivity and
specificity to contrast-enhanced techniques, making it a reliable
alternative for renal failure patients(8,9).

Preoperative Planning: For patients requiring surgical or endovascular
interventions, accurate vascular mapping is crucial. Non-contrast
MRA provides comprehensive images of the vascular anatomy, aiding
in preoperative planning and improving surgical outcomes. The
detailed visualization of collateral circulation is particularly valuable
in evaluating patients with chronic limb ischemia.

Monitoring Disease Progression: Non-contrast MRA allows for
longitudinal studies to monitor the progression of PAD and the
effectiveness of interventions. Serial imaging can help assess changes

in arterial patency and guide therapeutic decisions(10).

Risk Stratification: By evaluating factors such as vessel wall
characteristics and plaque morphology, non-contrast MRA can
contribute to risk stratification in PAD patients. This information is
vital for determining the appropriate management strategies and
follow-up protocols.

Challenges and Limitations:
While non-contrast MRA offers significant advantages, challenges
remain:

1. Sensitivity to Calcification:

Non-contrast MRA may struggle to visualize heavily calcified vessels,
which can be a common finding in patients with renal failure. This
limitation can lead to underestimation of the severity of PAD.

Figure I - A is showing normal peripheral non contrast MR angiogram
of bilateral lower limb arteries. B is showing bilateral superficial
femoral artery occlusion with corkscrew collaterals.

!

Figure II — A, B, C - Non contrast MR angiogram of aorto-iliac and
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lower limb arteries showing Occlusion of the distal infrarenal
abdominal aorta and bilateral common iliac and external iliac arteries
with reformation of common femoral arteries by collaterals. Also Left
popliteal artery occlusion with reformation by collaterals noted.

2.Operator Expertise:

Non-contrast MRA may struggle to visualize heavily calcified vessels,
which can be a common finding in patients with renal failure. This
limitation can lead to underestimation of the severity of PAD.

3. Availability and Cost

While MRA technology is advancing, access to high-field MRI
scanners and advanced software for image processing may be limited
in some healthcare settings, impacting the widespread adoption of
non-contrast MRA.

Future Directions

Integration of Artificial Intelligence
The integration of artificial intelligence (AI) into MRA could
revolutionize image analysis, enabling faster, more accurate
interpretations. Machine learning algorithms can assist in detecting
vascular anomalies and optimizing imaging protocols.(11)

Figure III — Peripheral non contrast TOF angiogram images of a 67-
year-old male patient showing Left brachial artery occlusion with
reformation through multiple collaterals in arm before its bifurcation
into radial and ulnar arteries.

Research And Development
Ongoing research into novel non-contrast MRA techniques, including

improvements in spatial resolution and noise reduction, will enhance
the modality's applicability in complex cases. Collaborative efforts
between radiologists, vascular surgeons, and researchers will drive
innovations that improve patient outcomes.

Personalized Medicine

As the field moves towards personalized medicine, non-contrast MRA
can play a crucial role in tailoring treatment plans based on individual
patient characteristics, including comorbidities and vascular anatomy.
This approach will enhance the effectiveness of interventions and
improve overall care like Inflammatory and Prothrombotic
Biomarkers, DNA Polymorphisms, MicroRNAs Nanoparticles for
Detection and Treatment of Peripheral Arterial Disease. (12,13)

CONCLUSION

Advanced non-contrast MR angiography represents a significant
advancement in the evaluation of peripheral arterial disease in patients
with renal failure. By eliminating the risks associated with contrast
agents, this modality offers a safe and effective alternative for
diagnosing and managing PAD. The ongoing developments in imaging
techniques, combined with the integration of Al and personalized
approaches, hold great promise for enhancing patient care. As the
medical community continues to explore these advancements, non-
contrast MRA is poised to become a cornerstone in the evaluation and
management of vascular diseases.
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