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Highlights:  

ASL can provide quantitative assessment of blood flow in high flow tumors. 
ASL can be used to monitor anti-angiogenic therapies. 
ASL blood flow imaging is largely unaffected by vascular permeability changes. 
Insensitivity to lower flows will likely limit the use of ASL to particular tumor types. 
 

Introduction: 
 
Research over the last two decades has emphasized the crucial role of angiogenesis in 
supporting the growth of tumors. Blocking of blood supply growth has proven a highly 
successful approach in models that has led to approved therapies in a number of cancers. 
Imaging methods to monitor the response and eventual resistance of such therapies are of 
great potential value for clinical trials and clinical management(1-3). 
 
Arterial Spin Labeling (ASL) blood flow MRI(4) is a totally noninvasive technique that employs 
magnetic fields to invert the magnetization (or spins) of water protons before they flow into 
tissue. Subtracting images with and without labeling provides a measure of blood flow into the 
tissue. Unlike dynamic contrast enhancement (DCE) studies, where contrast agents with limited 
transport across vessel walls are used, ASL employs a tracer that readily diffuses across the 
vasculature, the naturally occurring water of arterial blood. ASL has only recently become 
available for clinical use and its use has been primarily restricted to brain, but new techniques of 
labeling, motion correction, and fast imaging are showing promise for some cancer applications 
outside the brain. 
 
Overview of Methods 
 
Labeling 
Labeling is the key to achieving blood flow sensitivity. In almost ASL studies, labeling of arterial 
blood is performed with spatially selective inversion shortly before imaging, typically in the range 
of 1 to 3 seconds. Inversion changes the sign of the longitudinal magnetization of blood water 
from positive to negative. After a delay to allow blood to move from the labeling location to the 
tissue of interest, the negative magnetization mixes with the tissue magnetization and 
decreases the total signal. 
 
Labeling can be achieved either by a single pulse, known as pulsed ASL, or by repeatedly 
applying fields or pulses to achieve a continuous inversion of blood as it flows past a labeling 
plane. One particular variant of pulsed ASL, known as Flow Alternating Inversion Recovery 
(FAIR)(5), has been particularly widely used. This technique applies a non selective inversion 
recovery to invert all blood (and the tissue of interest). A control image where the inversion is 
made spatially selective to a slab containing the tissue of interest, but where all the blood 
outside the slab is not inverted, is also acquired. A particular characteristic of this approach is 
that all blood flow, whether from above or below the slice, is inverted. This can lead to 
undesirable venous contamination in some cases, but makes the ASL labeling effective 
regardless of the source and direction of arterial flow.  
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Continuous labeling (or CASL) can provide greater signal and signal-to-noise ratio than pulsed 
ASL(6). CASL uses special strategies to achieve adiabatic inversion of blood as it flows past a 
particular plane. First achieved by applying constant RF and gradient fields, it is more typically 
performed today with pseudocontinuous labeling(7), a strategy that uses pulsed RF and 
gradients to achieve continuous labeling. The higher signal from CASL is a distinct advantage 
but in some cancer applications, especially when the supplying arteries have very slow velocity 
or their direction of flow is unknown, pulsed ASL can be preferable. 
 
Image Acquisition 
Since ASL sensitivity is most analogous to proton density measurement, any high sensitivity 
method for proton density imaging is an option. The ASL signal change is small, approximately 
1% of the proton density signal, so lower spatial resolution acquisitions must be used to 
preserve signal-to-noise ratio. Initial work on ASL made extensive use of echoplanar imaging 
because of its sensitivity and speed. Single shot echoplanar was particularly attractive for the 
reduction of motion artifacts that could otherwise obscure the small ASL signal. More recently, 
RARE (turbo spin echo or fast spin echo)(8), balanced SSFP(9), spiral(10) and even 3D hybrids 
of these techniques such as GRASE(11) have been employed. Background suppression to 
minimize motion artifacts is particularly critical for slower 3D techniques. 
 
Motion Artifact and Background Suppression 
Even when single-shot imaging is used, ASL requires the subtraction of a label and control 
image to generate a blood flow sensitive image. Subtraction imaging is notoriously motion 
sensitive and the small signal change associated with ASL only accentuates the problem. A 
number of different strategies to reduce motion artifacts have been employed. Some, such as 
cardiac and respiratory sorting or triggering or retrospective image realignment(8,12), are not 
unique to ASL and have achieved moderate success. More dramatic improvements can be 
achieved with background suppression(10,13). Background suppression uses additional 
inversion pulses at optimal times to decrease the signal from static tissue in the image to near 
zero. Motion errors are greatly reduced with such suppression. Suppression does cause a loss 
of labeled signal, a maximum of 25% for very high suppression, but the advantage for imaging 
robustness is typically worth this signal loss. 
 
Applications in Cancer 
 
Brain: 
Since ASL has been most widely applied in the brain, it is not a surprise that much of the initial 
experience with ASL has been in the brain. Because the blood brain barrier is not an obstacle to 
water, ASL readily measures flow in the normal brain. Much like FDG PET, the high flow of 
normal gray matter can serve as a source of background confusion for detecting tumors. 
However, high grade glioma typically has ASL measured blood flow well above the gray matter 
background. In glioma, ASL blood flow correlates with tumor grade(14-16) and may serve as a 
marker of recurrent tumor in serial studies. Metastases are typically less prominent, though flow 
is measurable, and ASL has been used as a measure of radiation response(17). Meningioma is 
hyperintense on ASL(18). Studies comparing ASL perfusion with tumor vascular density have 
demonstrated reasonable correlation(19). Initial experience with reliability has been variable but 
has been improving with more robust techniques.  
 
Renal Cancer 
Like the brain, the kidney is a highly perfused organ and the most common primary tumor, clear 
cell renal carcinoma, is highly vascular. ASL has been used to characterize the response of 
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renal cancer metastases to antiangiogenic therapy(20,21) and to assess renal masses for 
indication of aggressiveness or progression(22,23). ASL is particularly attractive relative to 
contrast studies in those with reduced renal function. Though respiratory motion poses more 
challenges in the kidney than in the brain, the challenges are addressable with combinations of 
background suppression and other respiratory motion reduction techniques(8). Lung and 
mediastinal metastases of renal cancer can be more challenging to image with ASL, but they 
have been imaged.  
 
Other Cancers 
Success with ASL in brain tumors and renal cancer is partially a result of the intrinsically high 
vascularity and flow of these lesions. Application to hepatocellular carcinoma, for example, has 
shown a more mixed appearance with some cases hyperperfused but others undetectable 
despite strong enhancement on contrast studies. In some organs, such as the lung, the 
complexity of the vascular supply makes labeling challenging and other labeling strategies, such 
as velocity selective labeling(24), may be desirable. 
 
Future Directions 
Experience with ASL in cancer is still in the early stages. Over the next several years, the wider 
distribution of ASL and the incorporation of more robust techniques and protocols should lead to 
a broader experience with ASL in a variety of cancers. Increased education and standardization 
of methods and terminology will help clinicians better appreciate how ASL might best be 
incorporated into clinical assessments. Finally, improved techniques for motion reduction, and 
potentially labeling, for organs outside the brain may help to increase the utility of ASL in 
additional cancer applications. 
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