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surements following contrast administration can 

be added to the protocol.

Conclusion: A comprehensive examination com-

bining high-resolution MRA with flow and perfu-

sion measurements is a unique feature of magnetic 

resonance imaging and allows accurate charac -

terization of renovascular and parenchymal disease.

Peripheral arterial disease 
Background: Peripheral arterial disease (PAD) af-

fecting the limb arteries is a frequent clinical prob-

lem being mostly caused by atherosclerosis. The 

leading feature is arterial narrowing with subse-

quent reduction of blood flow to the limbs result-

ing in intermittent claudication, which is estimated 

to occur in about 5% of people over 55 years old, 

but PAD is frequently under-diagnosed. Visualiza-

tion of the entire limb arteries is a prerequisite to 

make the correct diagnosis and for treatment 

planning. 

MRA versus other modalities: Duplex ultrasound 

providing high sensitivity and specificity 

for the detection of stenoses is an excellent first 

line test but exhibits a couple of disadvantages: 

it strongly depends on the experience of the 

physician and the acoustic window can be limited 

especially for the iliac arteries in obese patients. 

Additionally, ultrasound cannot display the entire 

vascular system in a single image to provide a 

comprehensive overview of the vascular system. 

The highly accurate digital subtraction angiography 

is still regarded as the gold standard for the diag-

nosis of atherosclerotic changes in peripheral 

vessels. However, important disadvantages includ-

ing invasiveness, procedure related mortality 

and morbidity, costs, availability and the use of 

ionizing radiation as well as potentially nephrotoxic 

contrast agents must be taken into account. 

CT angiography can be performed to visualize the 

peripheral arteries but radiation exposure, poten-

tially nephrotoxic contrast agents, time-consum-

ing postprocessing and problems evaluating 

severely calcified vessels must be considered as 

important limitations. Therefore bolus-chase MRA 

protocols collecting multiple high resolution data 

sets covering the arterial vessels from the renal 

arteries down to the pedal arteries can be consid-

ered as the state of the art technique and imaging 

modality of first choice for a fast and comprehen-

sive evaluation of patients suffering from periph-

eral arterial disease.

Protocol recommendation: Although the tech-

nique has been used in clinical routine for about 

10 years, MRA of the run-off vessels can be still 

be challenging. Optimal timing of the contrast in-

jection is crucial because inadequate timing may 

result in poor arterial opacification or venous 

overlay. Additionally, several data sets requiring 

user interaction have to be collected in rapid 

succession, making the procedure difficult to per-

form for inexperienced users. To overcome these 

limitations several new techniques have been de-

veloped. To simplify the procedure and to improve 

the workflow, syngo TimCT (Tim Continuous Table 

move) has recently been introduced. Instead of 

collecting several overlapping 3D data sets in rapid 

succession, a single high resolution 3D data set 

covering the arterial system from the abdominal 

aorta down to the pedal arteries, is collected during 

continuous table movement. This technique is 

revolutionary because motion, which was consid-

ered one of the major obstacles for MR imaging 

is now used to extend the field-of-view in cranio-

caudal direction. TimCT is a robust and easy to 

MRA of the renal arteries using syngo TWIST. High-grade stenosis of the left renal artery with delayed contrast 

enhancement of the hypoplastic left kidney. 
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perform protocol for patients with PAD (Figure 5).

In patients with diabetes or pedal ulcer which 

are prone to early venous filling, however, TimCT 

might not be the ideal tool. To avoid venous over-

lay for the infrapopliteal arteries hybrid MRA tech-

niques combining time-resolved MRA of the lower 

legs using TWIST followed by bolus chase MRA 

for the pelvis and upper legs may be advantageous. 

Combining TWIST and Parallel Acquisition Tech-

niques, a dynamic MRA can be obtained with a 

temporal resolution of about 2 seconds and a voxel 

size below 1 mm3 which reliably avoids venous 

overlay and adds functional information comparable 

to DSA (Figure 6). 

Conclusion: MRA provides different imaging 

protocols for peripheral MRA and has replaced 

diagnostic DSA in PAD patients.

Discussion
MRA is a robust and reliable technique that can 

be applied to visualize all different vascular terri-

tories in daily clinical routine. The only vascular 

territory that remains challenging is MR angiogra-

phy of the coronary arteries (MRCA). Reliable 

compensation of cardiac and respiratory motion 

cannot be achieved in all patients resulting in mo-

tion artifacts and reduced image quality. There-

fore, MRCA must still be considered as a field of 

active research and is not ready for routine clinical 

application in coronary artery disease patients. 

However, MRA is still developing rapidly and the 

new techniques will definitively change our scan 

protocols and further improve the diagnostic impact 

of MRA. The various MRA techniques mentioned 

above cover different parts of the vascular system. 

Using recent hard and software developments the 

examination can easily be extended to wholebody 

MRA without increasing the dose of contrast. The 

investment in increased scan times, the in room time 

as well as the time required for post-processing and 

reading of the examination are, however, justified 

by, for example, the high prevalence of concomi-

tant atherosclerotic findings in the carotids and tho-

racic aorta in PAD patients, and may improve pa-

tient care. Additionally, this might be a completely 

new approach for risk assessment in atherosclerotic 

disease because the total plaque burden within 

the arterial system can easily be assessed in a single 

examination taking only 15 to 20 minutes.

MRA provides different 

imaging protocols for 

peripheral MRA and has 

replaced diagnostic DSA 

in PAD patients.

MRA acquired with  syngo TimCT in 

a patient with PAD.

5 Dynamic MRA of the calf arteries using syngo TWIST.6
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The Johns Hopkins University Medical School in Baltimore, Maryland, USA has 
captured 17 talks from the 5th MRI World Summit held in San Diego, California, USA. 
The talks of experienced and renowned experts cover a broad range of MR imaging:
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