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Abstract

Recent improvements in arterial spin labeled (ASL) and vastly under-sampled dynamic contrast 

enhanced (DCE) MRI acquisitions are providing a new opportunity to explore the routine use of 

quantitative perfusion imaging for evaluation of a variety of abdominal diseases in clinical 

practice. In this review, we discuss different approaches for the acquisition and data analysis of 

ASL and DCE MRI techniques for quantification of tissue perfusion and present various clinical 

applications of these techniques in both neoplastic and non-neoplastic conditions in the abdomen.

Introduction

Blood flow or perfusion refers to the passage of blood through an organ and represents the 

main mechanism for the delivery of oxygen and nutrients to healthy and diseased tissue. The 

level of tissue perfusion (i.e. in ml/100g of tissue/min) varies between different organs in the 

abdomen and is a reflection of their function and intrinsic ability to maintain constant 

perfusion despite changes in blood pressure through an auto-regulatory response. Tissue 

perfusion is proportional to the pressure difference between the arterial and venous sides and 

inversely proportional to the viscous and geometric resistances (1).

Measurements of blood flow at the tissue level, as opposed to measurements of the intra-

vascular blood flow, may provide insights into fundamental pathophysiologic processes. For 

example, inflammation is intrinsically associated with changes in blood flow, and alterations 

in microvascular blood flow have been documented in patients with sepsis (2). Similarly, 

diseases affecting the abdominal viscera are commonly associated with changes in tissue 

perfusion. Indeed, changes in splanchnic blood flow have been associated with alterations in 

gastric intramucosal acidosis, multiple organ failure, and increased mortality (3). 

Additionally, renal microvascular disease has been correlated with the clinical severity of a 

variety of non-diabetic and diabetic chronic renal diseases (4). Therefore, quantification of 

organ tissue perfusion may provide a means to assess disease severity objectively.

Furthermore, the formation of new blood vessels, or neoangiogenesis, is a crucial step in the 

development and growth of neoplasms. Therapies targeted to inhibit the neoangiogenesis 

pathway have demonstrated unprecedented success in oncologic patients. The assessment of 
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tumor response to such anti-angiogenic therapies in the metastatic setting is challenging 

because of the need to evaluate multiple tumor sites and the fact that these drugs inhibit 

tumor growth but are rarely curative. The ability to measure perfusion in tumors non-

invasively may be useful to not only predict the likelihood of response to anti-angiogenic 

therapy but also to monitor therapeutic response during the course of the disease. In this 

review, we will discuss the two most commonly used magnetic resonance imaging (MRI)-

based approaches to measure tissue perfusion/vascularity in the abdomen, arterial spin 

labeled (ASL) and dynamic contrast-enhanced (DCE) MRI techniques, and present some 

common clinical applications for perfusion imaging.

Perfusion imaging: Techniques

a. Arterial Spin Labeled (ASL) MRI

ASL is a non-contrast MRI technique that can measure tissue perfusion (or capillary blood 

flow) without the administration of exogenous contrast agents. ASL uses highly permeating 

water as a tracer by magnetically labeling the water protons in the arterial blood and 

measuring their accumulation in the tissue of interest. Various versions of ASL have been 

validated in animals using microspheres, while in humans validation has been performed 

using the gold standard positron emission tomography (PET) with 15O-labeled water in the 

brain (5). Compared to DCE or dynamic susceptibility contrast (DSC) perfusion 

measurements, ASL has several advantages. Specifically, ASL does not require the 

administration of an exogenous agent thus alleviating the concerns of gadolinium 

accumulation in the brain (6) or nephrogenic systemic fibrosis (NSF) in patients with 

impaired renal function (7). Unlike DCE/DSC, the contribution of vascular permeability to 

ASL measured perfusion is negligible (8) enabling absolute perfusion quantification in 

physiological units (ml/100g/min).

An ASL-MRI acquisition consists of three distinct steps to achieve absolute quantification of 

tissue perfusion (Fig. 1). First, the acquisition of two images – a control image, where the 

blood and static tissues are at full magnetization; and a label image, where only the 

inflowing blood is selectively inverted while the static tissue is maintained at full 

magnetization. Second, the image reconstruction including the subtraction of labeled images 

from the control images to generate a perfusion-weighted image (PWI). Third, perfusion 

quantification by modeling the PWI signal using a proton-density image and acquisition 

parameters to account for tissue characteristics, to finally generate a quantitative perfusion 

map in physiological units of ml/100g/min.

i. Acquisition techniques—An ASL acquisition includes spin labeling, during which the 

inflowing blood is selectively inverted, as well as a post-label delay for the accumulation of 

the labeled blood in the tissue and the data acquisition. Some versions of the ASL technique 

remain investigational and have not been approved by the Food and Drug Administration 

(FDA) for clinical use.

Spin Labeling Approaches: There are two basic approaches with ASL. Continuous 
labeling inverts (or labels) blood as it passes through a narrow labeling plane, while pulsed 
ASL inverts a volume of blood outside the imaging region. Pulsed labeling, using a specific 
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technique called flow alternating inversion recovery (FAIR), has been more widely applied 

to measure perfusion in abdominal organs (9). With this approach, two images are acquired, 

one with a selective inversion applied across the imaging slice and the other image acquired 

with a non-selective inversion (Fig. 2A). The difference between these two images will be 

proportional to the amount of tissue perfusion in the imaging plane. Typically, the thickness 

of the slice-selective inversion volume will be set at three to four times the imaging plane 

thickness to ensure complete inversion of the spins in the imaging plane. The non-selective 

inversion is applied as a slab-selective inversion, with the slab’s thickness approximately ten 

times the thickness of the slice-selective inversion volume. After a post-label delay (or 

inversion time), the images are acquired, which when subtracted provides the tissue 

perfusion. Pulsed labeling techniques including FAIR can be readily implemented on clinical 

MRI systems. However, pulsed ASL techniques suffer from reduced signal to noise ratio 

(SNR) compared to continuous ASL, as demonstrated in brain perfusion studies (10).

Due to hardware limitations, continuous ASL was originally feasible on commercially 

available MR scanners with only short labeling durations (11). The introduction of pseudo-
continuous ASL (pCASL) marked a significant advancement by replacing the constant 

radiofrequency (RF) waves used for inversion with pulsed waves, enabling continuous ASL 

on commercial scanners with longer labeling times, on the order of seconds (12). pCASL 

was the recommended choice of labeling technique for brain MRI in a recent consensus 

paper, convened by the members of the perfusion study group of International Society for 

Magnetic Resonance in Medicine (ISMRM) (13) and is now commercially offered by major 

MR vendors for brain perfusion measurement. The pCASL approach includes a train of RF 

and gradient pulses that selectively labels a plane of interest. For example, this can be 

applied axially across the abdominal aorta for a labeling duration of 1.5–2 seconds. The 

arterial blood that flows through this labeling plane is inverted via flow driven adiabatic 

inversion (Fig. 2B). After a post-label delay (e.g. 1.5 seconds), the label image is acquired. 

The sequence is repeated with the RF pulses phase-cycled during pCASL (control image), 

such that the blood flow is not inverted, but the magnetization transfer effects in the imaging 

volume are maintained between the label and the control acquisitions.

Post-Label Delay: This is the time during which the labeled blood is allowed to accumulate 

in the tissue of interest and will vary depending upon the tissue. For example, a 1.5 second 

post-label delay has been found to be an optimal time to measure renal cortical perfusion in 

adult healthy volunteers. This delay time may need to be altered in patients with decreased 

cardiac output due to prolonged arterial transit time. Additionally, the signal difference in 

ASL is less than 2% of the fully relaxed background signal. Hence, background suppression 

(BGS) is essential to improve the robustness of ASL in clinical applications by reducing the 

standard deviation of the flow measurements due to physiological and instrumental 

fluctuations (14). This necessity is even greater in body applications due to substantial 

physiological sources of variation such as cardiac and respiratory motion, bowel peristalsis 

etc. (15). BGS can be achieved by the application of multiple inversion pulses after labeling. 

These pulses can reduce background signal to <3% across a wide range of T1 values from 

200 to 4200 ms without affecting the perfusion signal. Furthermore, the arrival of blood in 

the major vasculature after the labeling period has ended may cause signal fluctuations 
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leading to high intravascular signal, which may confound the tissue perfusion quantification. 

Inflow saturation (IFS) pulses applied before the data acquisition can reduce these high 

intravascular signals. Nonlinear optimization schemes have been developed to determine the 

ideal BGS inversion times and IFS saturation times for a given label duration and post-label 

delay with both FAIR and pCASL (16).

Data Acquisition: The majority of brain perfusion studies using ASL methods have been 

performed with a 2D echo-planar imaging (EPI) readout, either using single slice or multi-

slice methods, due to the technique’s fast acquisition time. Recent studies have proposed 

volumetric acquisitions with spiral readouts using 3D fast/turbo spin echo (FSE/TSE) 

sequence for increased SNR (17). However, EPI and spiral readouts have limitations in body 

applications due to the association between worse off-resonance effects and larger fields of 

view (18). Cartesian based TSE readout using single-shot (SSFSE/SShTSE/HASTE) or 

segmented 3D TSE are robust options for perfusion imaging in body applications (19). 

Alternatively, 2D balanced steady state free precession (bSSFP) acquisitions have also been 

used with FAIR-based pulsed ASL (9). Regardless of the underlying readout, multiple signal 

averages are generally acquired to achieve adequate SNR. In the abdomen, acquiring 

multiple signal averages requires longer acquisition times, and respiratory compensation can 

be performed using respiratory bellows (20), navigators (21) or a timed-breathing approach, 

where the subjects are instructed to breath continuously during the labeling period and hold 

their breath during the acquisition period (15).

ii. Image reconstruction—ASL images are reconstructed by subtracting the label image 

from the control image to generate the PWI. Since multiple signal averages are typically 

acquired, the subtracted PWI are averaged together to improve the SNR. Additionally, the 

SNR of the reconstructed images can be further increased by a factor of  by using 

complex subtraction in k-space prior to image reconstruction (15).

iii. Perfusion Quantification—One of the key advantages of ASL acquisition is its 

ability to quantify absolute perfusion in physiological values of ml/100g/min. The simplified 

models of pulsed ASL (equation 1) and continuous ASL (equation 2) can be used for 

perfusion quantification (f) (22).

[1]

[2]

For FAIR, these variables include: inversion time (TI); first IFS pulse (Tsat); For pCASL, 

these variables include: label duration (τ); post-label delay (PLD); common variables: 

blood-tissue partition coefficient (λ=0.9 ml/g); inversion efficiency, α (1 for FAIR, 0.9 for 
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pCASL without BGS and 0.6 for pCASL with BGS). ΔM is the measured perfusion 

difference image between label and control and M0 is the measured proton density image 

using same acquisition parameters without any preparation pulses. For simplified models, 

the longitudinal relaxation time of blood (T1,blood) may be assumed for all tissues, removing 

the necessity of accurately measuring the T1 of the tissues. The units of ml/g/s are typically 

converted to the customary physiological literature units of ml/100g/min by multiplying by a 

factor of 6000. For 2D multi-slice imaging, the values of TI (for FAIR) and τ (for pCASL) 

in these expressions should be adjusted for each slice to consider the time delay between 

slice acquisitions.

b. Dynamic contrast enhanced (DCE) imaging

i. Acquisition techniques—DCE MRI is an imaging technique that is based on the 

paramagnetic effect of gadolinium chelates, which shorten the T1 relaxation times of blood 

and tissues thereby increasing signal intensity on T1-weighted images by (23). Depending 

on clinical need and the method used for data analysis, either multi-phasic or high temporal 

resolution DCE images of the same anatomic volume of interest can be acquired, most 

commonly using a 3D spoiled gradient echo (SPGR) sequence. For multi-phasic acquisition, 

baseline images are obtained prior to an intravenous bolus injection of low molecular-weight 

gadolinium-based contrast agent (GBCA), typically using a power injector at an injection 

rate of 2–4 mL/s, followed by 20 mL saline flush at the same rate. Using a bolus tracking 

method, arterial phase, portal venous phase, and equilibrium phase images of the same 3D 

volume are acquired post-contrast injection. Breath-held multi-phasic images are often 

obtained with high spatial resolution and fat suppression for superior anatomic delineation 

and to minimize respiratory motion artifacts. For high temporal resolution DCE-MRI, 3D 

image sets can be acquired continuously before, during, and after contrast injection for up to 

6 minutes. Rapid acquisitions (i.e. with higher temporal resolution) are required to image the 

signal change induced by the contrast media every few seconds (typically every 4–6 s). 

However, traditional higher temporal resolution acquisitions require a compromise between 

anatomic coverage and spatial resolution. Parallel imaging techniques have been widely 

implemented in DCE-MRI to mitigate this requirement. Other emerging fast imaging 

techniques such as compressed sensing can also be applied to increase temporal resolution 

by several fold without sacrificing spatial resolution (24).

In abdominal DCE-MRI, respiratory motion can cause image artifacts and image 

misregistration. Therefore, DCE images of the abdomen should be acquired with shallow 

breathing or with sequential breath-holds, with 2 or 3 free breathing respiration cycles 

between image acquisitions. Recently, radial and spiral acquisitions that undersample high-

frequency data while oversampling the low-frequency data at the center of k-space have 

been implemented and allow for 3D acquisitions of the abdomen with 2–3 second temporal 

resolutions (24, 25). These sequences are particularly attractive for abdominal imaging 

because their speed and data acquisition redundancy at the center of k-space make them 

particularly robust to motion (24). Moreover, the frequent sampling of the center of k-space 

allows for more accurate determination of contrast dynamics. Some versions of the radial 

and spiral DCE techniques remain investigational and have not been approved by the Food 

and Drug Administration (FDA) for clinical use.
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Depending on the analysis method used, T1 measurement prior to contrast injection may be 

needed to quantify contrast agent concentration from the MR signal intensity. The variable 

flip angle technique (26) using the same 3D SPGR sequence as the DCE scan is typically 

performed, with the same anatomic coverage and spatial resolution. Baseline T1 maps (T10) 

can be estimated from these scans in a short scan time, however B1 inhomogeneity can 

affect the accuracy of these measurements (27).

Tissue enhancement of DCE-MRI can be visually assessed by the interpreting radiologist. 

Additional qualitative evaluation can be performed by inspecting the shape of the signal 

intensity time curve (STC), using the following categories: Type I (persistent) refers to a 

continuous signal intensity increase after contrast injection; Type II (plateau) refers to an 

initial signal increase followed by a relatively constant signal intensity; Type III (wash-out) 

refers to an initial contrast uptake peak followed by a signal intensity decrease over time. 

Even though the qualitative approach is readily accessible, it is inherently subjective, and its 

nonparametric nature limits its repeatability and usefulness in the diagnostic setting and in 

clinical trials.

ii. Semi-quantitative analysis (model free)—Semi-quantitative (model-free) analysis 

of DCE-MRI measures a group of numerical enhancement-related parameters from the STC, 

which includes peak enhancement, time to peak, wash-in slope, wash-out slope, and area 

under the curve. Definitions of the most commonly applied parameters can be found in Table 

1. Semi-quantitative analysis is less complicated, and all parameters can be calculated 

directly from image signal intensity without converting those values to GBCA concentration 

values. However, these parameters depend on the type of image acquisition and injection 

protocol, which makes the comparison of results obtained at different times, different MRI 

systems and different sites difficult.

iii. Quantification with Pharmacokinetic models—Quantitative analysis of DCE-

MRI using pharmacokinetic modeling has the potential to provide noninvasive 

measurements and functional characterization of tissue microvasculature. The Tofts model is 

the most widely used pharmacokinetic model, which includes two tissue compartments 

representing the intravascular space and the extravascular extracellular space (EES). 

Depending on blood flow and vessel permeability, low-molecular weight GBCAs can leak 

out of the capillaries into the EES, and as tissue GBCA concentration increases will diffuse 

back from the EES to the capillaries until an equilibrium is reached. The original Tofts 

model (28) assumes that tissue GBCA content is mainly from the EES compartment and that 

the plasma component is negligible. Contrast agent concentration in tissue (Ct) is given by:

[3]

where Cp is contrast agent concentration in the arterial blood plasma. Ktrans is the transfer 

constant that characterizes the diffusive transport of contrast agent from intravascular space 

to EES. The rate constant kep (kep = Ktrans/ve) from ESS to blood plasma, where ve is the 

fractional volume of EES, can also be estimated.
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The extended Tofts model (29) assumes that tissue concentration of the GBCA represents 

the sum of contributions from the intravascular and EES compartments, as described by the 

equation below:

[4]

Using this extended Tofts model, the fractional volume of intravascular space, vp, can also 

be estimated.

The quantitative pharmacokinetic analysis of DCE data is performed by modeling the 

GBCA concentration in the various compartments, while the DCE data are measured as MRI 

signal intensity. Hence, the signal intensities measured by DCE-MRI must be converted into 

GBCA concentration using known contrast agent relaxivities and the image acquisition 

parameters. For the T1-weighted SPGR sequence, the MRI signal intensity for each dynamic 

time point, t, is given by (30):

[5]

where the T2* effect is considered negligible due to the short TE used. M0 is the equilibrium 

signal intensity that depends on proton density and other scanner scaling factors. α is the flip 

angle of the acquired pulse sequence. TR is the repetition time. T1 is the longitudinal 

relaxation time, which depends on pre-contrast baseline T1 value, i.e., T10, and the contrast 

agent concentration (Ct) described by the below equation:

[6]

where r1 is the T1 relaxivity which depends on contrast agent, temperature, and field strength 

(23). T10 can be estimated from the images acquired using the same SPGR sequence with 

different flip angles, i.e., the variable flip angle method (26). Combining equations [5] and 

[6], GBCA concentration in tissue can be calculated, with the additional assumption that the 

concentration is zero prior to contrast injection. GBCA concentration in arterial blood 

plasma (Cp), i.e. the arterial input function (AIF), can be estimated using the same method. 

However, it may not be practical to measure the true AIF from the vessel that feeds the 

tissue of interest due to small vessel size or difficulty localizing the appropriate vessel. If a 

major artery, such as the aorta, is included in the imaging volume of the dynamic scan, the 

GBCA concentration from the vessel can be assumed as the AIF in individual patients. 

Otherwise, population-based AIFs are often used instead of measuring individual AIF (28).

For DCE studies of the liver, a dual-input one-compartmental model is typically used, given 

the dual blood supply via the hepatic artery and portal vein (25)(31):
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[7]

where CL(t), Ca(t) and Cp(t) represent the contrast concentration in liver, aorta and portal 

vein, respectively. k1a represents the aortic inflow rate constant, k1p the portal venous inflow 

rate constant, and k2 the outflow rate constant. τa and τb are the transit time for aorta and 

portal vein, respectively. After converting the DCE signal intensities into contrast 

concentration and fitting those data to this model, liver perfusion parameters, such as arterial 

fraction (AF=k1a/(k1a+k1p)), distribution volume (DV=(k1a+k1p)/k2), and mean transit time 

(MTT=1/k2) can be calculated (Fig. 3).

Clinical Applications

Most clinical applications of perfusion imaging in the abdomen to date have focused on the 

evaluation of the renal function and cancer. Renal microvascular perfusion is a surrogate 

marker of renovascular disease (32) and several other medical renal conditions, including 

diabetes (4). Indeed, previous studies have demonstrated a correlation between renal artery 

blood flow and the presence of chronic kidney disease (CKD) (33). ASL-derived estimates 

of cortical perfusion also correlate with CKD stage and the estimated glomerular filtration 

rate (eGFR) in patients with diabetic nephropathy (34). Similarly, ASL-derived estimates of 

renal blood flow are statistically different between patients with lupus nephritis and controls 

(35). ASL is particularly well suited to assess renal transplants because of the common 

superficial location of renal allografts in the pelvis. This results in little respiratory motion 

and allows for examination using high-density phased-array surface coils and no GBCA 

administration. ASL perfusion levels in renal transplants correlate with eGFR and creatinine 

levels (36). The development of volumetric (3D) pCASL acquisitions (19) provide the 

opportunity to interrogate renal perfusion in the entire kidney and/or allograft (Fig. 4) and 

detect regional abnormalities in renal perfusion that may not be detectable with a single 

measurement of renal artery blood flow.

Both ASL and DCE-MRI techniques can be utilized to estimate the perfusion of renal 

masses. ASL can detect renal mass perfusion in patients with CKD, potentially obviating the 

need to administer I.V. contrast (37). Lanzman et al (38) reported the use of ASL to 

differentiate renal masses with different histologies and found a statistically higher perfusion 

level in oncocytoma, a benign renal mass, compared with that of primary renal cancer. If this 

is confirmed in larger series, it could represent a potential use of this technique to recognize 

these benign tumors non-invasively and avoid unnecessary surgeries; it is virtually 

impossible to reliably differentiate these entities using conventional MRI techniques. Both 

ASL perfusion and DCE-derived Ktrans levels have also been shown to correlate with 

microvessel density in clear cell renal cell carcinoma (20) and ASL is a surrogate marker of 

tumor cellularity in these tumors (39).

The increasing role of antiangiogenic therapies in patients with advanced malignancies have 

highlighted the need to develop prognostic and predictive imaging biomarkers based on the 
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mechanistic effect of these drugs (i.e. changes in tumor vascularity). Several reports have 

illustrated the potential to assess tumor response based on tumor perfusion using ASL (40) 

as well as DCE-MRI (41–43) in a variety of abdominal tumors. Generally, response to 

antiangiogenic drugs is associated with a decrease in tumor vascularity (Fig. 5) and high pre-

treatment baseline tumor vascularity may be predictive of response to these therapies (44, 

45). Lastly, novel statistical methods with cluster analysis of quantitative parametric maps 

derived from DCE-MRI datasets may help predict aggressive histology in renal masses (46) 

and evaluate heterogeneity in tumor response to anti-angiogenic therapy (47).

Conclusion

The development of novel MRI acquisitions, both without and with exogenous contrast 

administration, provide a new opportunity to extract direct quantitative measures of tissue 

perfusion and other vascular-related measures that may provide an objective assessment of 

disease severity. While ASL-MRI has been extensively studied in humans to measure brain 

perfusion, these methods for body applications have required a number of innovative 

technical developments to address specific challenges in body imaging and have only 

recently become more mature. DCE-MRI acquisitions have been used extensively to 

quantify tissue vascularity, although traditional approaches suffer from lower temporal 

resolution and/or sensitivity to motion as well as the potential risks of GBCA administration. 

The development of new vastly undersampled acquisition schemes have created a new 

opportunity ultra-fast, motion insensitive strategies that allow more robust DCE acquisitions 

in routine clinical practice.
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Figure 1. 
Schematic of an ASL acquisition applied to estimate kidney perfusion. The acquisition 

includes a control image, where the magnetization is maintained at an equilibrium, and a 

label image, where the inflowing blood is selectively inverted. The subtraction of the label 

image from the control image generates the perfusion-weighted image. Using a separately 

acquired proton-density image and the perfusion quantification model, absolute perfusion 

maps in physiological values of ml/100g/min can be generated.
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Figure 2. 
Schematic of two ASL labeling schemes, including pulsed ASL using FAIR (A) and 

continuous ASL using pCASL (B). In both schemes, a coronal image is acquired, shown by 

a solid white line on the axial image (A) and the dashed white line on the coronal image (B). 

FAIR images are acquired using a slice-selective inversion (yellow box, A) and a non-

selective inversion (green dashed box, A). Yellow solid box (B) shows the pCASL labeling 

plane.
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Figure 3. 
Free-breathing liver perfusion imaging using through-time spiral generalized auto-

calibrating partially parallel acquisition acceleration (GRAPPA). Representative images 

acquired from a patient with metastatic lung adenocarcinoma. One hundred volumes were 

acquired continuously over a period of approximately 4 minutes with a spatial resolution of 

1.9×1.9×3 mm3. (A) Computed tomography image; (B) Representative free-breathing liver 

DCE image acquired using through-time spiral GRAPPA; (C) Single-voxel GBCA 

concentration curves from both lesion and surrounding tissue. Fitted data using a dual-input 

single-compartment model were also plotted. Corresponding perfusion maps including 

arterial fraction (%), distribution volume (%) and mean transit time (sec) are shown in D–F 

(Courtesy of Drs. Yong Chen and Vikas Gulani).
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Figure 4. 
Perfusion images obtained from the kidneys of a healthy volunteer acquired using pCASL. 

Shown are a T2-weighted image (a), PWI using 2D pCASL (b), 2D quantitative perfusion 

map (c), and 3D quantitative perfusion maps (d–f). 3D images were acquired in the sagittal 

(d) orientation and reformatted to axial (e) and coronal (f) planes. Images were acquired 

with pCASL labeling using background suppression and Cartesian acquisition with a 2D 

SShTSE (b,c) and 3D TSE (d–f).
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Figure 5. 
ASL assessment of response to antiangiogenic therapy in metastatic clear cell renal cell 

carcinoma. (A) Axial single shot fast spin echo image of the upper abdomen demonstrating a 

large metastatic lesion in the liver measuring 12.8 × 10.1 cm. (B) Concurrent axial pCASL 

acquisition demonstrates high perfusion level in the liver mass (arrowheads). (C) After two 

cycles of treatment with pazopanib, the mass decreased in size to 10.3 × 7.4 cm, just 

reaching the threshold for partial response (20% decrease). However, pCASL demonstrates 

nearly complete absence of tumor perfusion, more clearly illustrating the anti-angiogenic 

therapeutic effect.
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Table 1

Semi-quantitative Parameters

Description

Peak enhancement The difference between the maximum signal intensity and baseline signal intensity. A ratio of the maximum signal and 
baseline signal intensities, or the relative signal intensity change between the maximum and baseline signal intensities 
can be used.

Time to peak The time from baseline to the peak of the Signal Intensity Time Curve (STC)

Wash-in slope The slope of the uptake of the STC from the baseline to the peak of the STC

Wash-out slope The slope of the STC from the maximum signal intensity to the end of the STC

Area under the curve The area under the STC. The area calculated from the initial uptake portion of the STC for a time point is most 
commonly used, such as iAUC60 refers to the area under the initial uptake curve for the first 60 seconds.
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