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Key Points 
 Vascular liver diseases can be congenital or acquired. Congenital vascular anomalies 

include portosystemic shunts (PSS), micro-vascular dysplasia and congenital arterio-
venous fistulae. Acquired conditions included acquire porto-systemic shunts as a result 
of portal hypertension, and acquired arterioportal fistulae as a result of a trauma to the 
liver or previous biopsy.  

 Portosystemic shunts (PSSs) are macroscopic vascular connections between the portal 
vein (PV) system and a systemic vein such as the caudal vena cava (CVC). These 
abnormal communications allow the portal blood from the intestine to bypass the liver 
and enter the systemic circulation.  

 Various imaging modalities can be used to confirm and determine the anatomy of PSS.  
 In humans, magnetic resonance angiography (MRA) is used routinely to image the portal 

venous system. Phase contrast (PC) and time of flight (TOF) techniques for MRA do not 
require use of contrast medium. Contrast-enhanced MRA (CE-MRA) uses gadolinium to 
increase the signal from blood and uses appropriate pulse sequences to suppress the 
background signal from stationary tissues. CE-MRA has become the method of choice to 
investigate many vascular diseases in people and has surpassed non-contrast MRA 
techniques in many applications.  

 
Technique 

At our institution (University of Pennsylvania School of Veterinary Medicine) we perform 
MRA using a 1.5T MRI unit.* For contrast-enhanced MRA, a 20G catheter connected to a Y 
adaptor designed for MRA is placed in the cephalic vein.† Each dog is premedicated with 
hydromorphone hydrochloride,‡ and diazepam.§ Anesthesia is induced with propofol,** and 
maintained after orotracheal intubation with isoflurane.††  

Each animal is placed in dorsal recumbency in the magnet bore. A torso array receive-only 
multi-coil‡‡ is placed over the cranial abdominal area. A 3-planes localizer is used to plan the 
MRA acquisition (2D T2*-weighted gradient echo sequence).  

The 3D volume for MRA is prescribed in the dorsal plane, and positioned to cover as much 
of the liver as possible in the dorsal to ventral direction, from the confluence of the left hepatic 
vein cranially to caudal to the spleno-portal confluence caudally. In each dorsal plane, phase 
encoding is left to right and frequency encoding cranial to caudal. 
 

                                                 
* GE Medical System, Milwaukee, WI 
† Smartset, TopSpins, Ann Arbor, MI 
‡ Hydromorphone, Baxter Healthcare Corporation, Deerfield, IL 
§ Diazepam, Hospira, Lake forrest, IL 
**Propoflo, Abbott laboratories, North Chicago, IL 
†† Isothesia, Butler Animal Health Supply, Dublin, OH 
‡‡GE Medical System, Milwaukee, WI  
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Figure 1: Diagram showing the location of the prescribed 3D volume for MRA. 

The MRA image data obtained is a 3D volume covering the area of interest (top right). 
 

For the MRA acquisition, a 3D Fast Spoiled Gradient Recalled Echo (3D FSPGR) 
sequence with elliptic centric view ordering is used. The elliptical centric k-space ordering is an 
encoding strategy where the center lines of the phase encoding (along ky) and slice encoding 
(along kz) of the 3D k-space (containing the contrast-sensitive data) are acquired simultaneously 
in a spiral fashion at the very beginning of the sequence. This technique allows encoding of the 
center of k-space almost 10 times faster, thereby allowing full registration of the contrast-
sensitive data within the very brief period of the first pass of gadolinium through the arteries. 

Parallel acquisition (Array Spatial Sensitivity Encoding Technique, ASSET) is 
used to encode the entire volume faster. In parallel imaging, a reduced dataset in the phase 
encoding direction(s) of k-space is acquired to shorten acquisition time, combining the signal of 
several coil arrays. The spatial information related to the phased array coil elements is used for 
reducing the amount of conventional Fourier encoding. By reducing the Field of View (FOV) in 
the phase encoding gradient direction, the scan time decreases but the images of each coil 
element contain fold-over artifacts. To solve this problem, each coil element is sensitivity-
encoded and the covered spatial zone is mapped so that the sensitivity profiles of the elements 
are used to calculate unfolded images. These images are then combined to create a full FOV 
image. Parallel imaging is particularly useful in dynamic MR imaging as it improves temporal 
resolution. With this technique, large 3D volumes can be imaged in a time that is comparable 
with multi-detector CT. The penalty is a loss in signal-to-noise ratio due to a reduction in the 
number of k-space samples. 

The rest of the parameters are as follows: Field of View 24 x 24 cm to 28 x 28 cm; 
Partial FOV (0.75 FOV); in-plane matrix 256x160 to 256x192; 2mm section thickness; 30° flip 
angle; Bandwidth 62.5 kHz; TR/TE, 4.50ms/1.54ms; NEX of 0.5. Zero filling is performed to 
obtain an interpolated matrix of 512 pixels in the frequency encode direction with additional 
overlapping interpolated slices along the z-axis. Four consecutive 3D-volumes (24 to 52 
locations per slab) are acquired starting immediately after the injection of gadolinium.§§ A pre-
contrast mask is acquired with the same parameters just prior to gadolinium injection. The actual 
voxels obtained are on the order of 1 mm x 1.5 mm x 2.0 mm.  

                                                 
§§ Magnevist, Berlex Imaging, Wayne, NJ 
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Immediately before gadolinium injection, apnea is induced by a constant infusion of 
cisatricurium.*** This is later reversed using atropine††† and neostigmine.‡‡‡ The 3D CE-MRA 
multiphase sequence is initiated at the end of gadolinium injection. Contrast medium 
(0.3mmol/kg) is injected manually at an approximate rate of 2.5-3ml/sec followed by a flush of 
5ml of saline.  
 

 
Figure 2: Contrast-enhanced MRA in a normal dog; Subvolume maximum intensity projection 

of the portal system in a dog in which most of the portal venous system can be seen. CVC, 
caudal vena cava; CrPDV, cranial pancreaticoduodenal vein; GEV, gastro-epiploic vein; GDV, 

gastroduodenal vein; PV, portal vein; LGV, left gastric vein; SpV, splenic vein; RK, right 
kidney; LK, left kidney. 

 
Viewing the images - Case examples 

The entire data acquisition takes between 1 and 1.5 minutes depending on the size of the 
dog. After subtraction, the 3D volume contains virtually only the vascular information as well as 
soft tissue that display early enhancement such as the liver parenchyma, spleen, kidneys and 
intestine which serve as anatomic landmarks in vessels identification. The best portal phase is 
picked by examining each of the four 3D volumes acquired and this volume is then analyzed 
using a combination of reformatted single-slice images in the 3 planes and oblique maximum-
intensity projections which allow getting excellent spatial information in any plane.  
 

                                                 
*** Nimbex, cisatracurium bensylate 2mg/ml, Abbott laboratories, North Chicago, IL. 
††† Atroject , atropine 5mg/ml, Butler American Health Supply, St Joseph, MO. 
‡‡‡ Reversal Neostigmine, 1mg/ml, American Regent, Shirley, NY. 
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Figure 3: Principle of Sub-Volume Maximum Intensity Projections. From the entire 3D volume, 

single-slice images containing vessels of interest (here the splenic vein) are obtained in any 
plane (here in transverse, bottom left); then a sub-volume of desired thickness is obtained 

oriented in the plane optimized for visualization of the vessel of interest. Here a dorsal oblique 
sub-volume MIP is picked to display the best image of the splenic vein (right). 

 
The shunting vessel can easily be identified with this technique, and its origin and termination 
are easy to determine. Measurements can be made that are important for stenting/coiling, such as 
the diameter of the caudal vena cava caudal and cranial to the shunt, etc.  
 

 
Figure 4: Central divisional intra-hepatic shunt (arrow). 
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Figure 5: Right divisional intra-hepatic shunt (arrow). 

 

 
Figure 6: Left divisional intra-hepatic shunt (arrow). 

 
Comparison with Computed Tomography Angiography (CTA) 

Compared with dual-phase CTA with single-slice helical units, the 3D acquisition of the 
CE-MRA protocol makes it much easier to assess the anatomy of the portal venous system in 
any orientation. 3D reconstructions in MRA are relatively straightforward. Unlike CTA, 
segmentation of bone, calcified plaque, and other structures is not required as these have a very 
low inherent signal. This being said, with newer multi-slice CT units that acquire many slices in 
one rotation and acquire volumetric data with excellent resolution in shorter times, the quality of 
CT-angiograms have much improved and the ease and quality of 3D reformatting is also much 
better. Bones still have to be segmented-out for optimal assessment of the vascular detail but 
overall CTA provides studies of similar quality to MRA.  

The only limitation is that CTA utilizes ionizing radiations and iodinated contrast medium. 
Compared with iodinated contrast media used in CTA, gadolinium contrast media have a more 
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favorable safety profile. In humans, there is some risk of inducing nephrogenic systemic fibrosis 
with gadolinium, and rare instances of renal failure have also been reported in people after 
injection of gadolinium. To date, these complications have not been reported in dogs, but it is 
warranted to avoid the use of gadolinium in patients with pre-existing renal disease. Overall, 
gadolinium is still considered safer than iodinated contrast agents. 
 
Comparison with non-contrast MRA techniques 

Phase contrast (PC) and time-of-flight (TOF) techniques for MRA do not require the use of 
contrast medium. The anatomic detail of the portal system with the 3D CE-MRA technique is 
better than reported for TOF-MRA in dogs, while the total imaging time is shorter (<10 min vs. 
40–60min). In humans, non-contrast MRA is used less often than contrast-enhanced techniques. 
With TOF-MRA, multiple pulses with a short TR saturate the signal from stationary tissues. 
Fresh spins from blood entering the imaging plane will not have been exposed to a pulse and 
will emit a strong signal, making inflowing blood hyperintense to the vessel wall and other 
stationary tissues. Pre-saturation pulses can be used to specifically image arteries or veins. In 
PC-MRA, the phase shift acquired by moving blood, proportional to its velocity, is imaged using 
a velocity-encoding gradient. During planning, it is necessary to choose an appropriate 
maximum expected flow velocity.  

These two methods have problems associated with in-plane saturation, low sensitivity to 
slow flow, and motion artifacts. For instance, with TOF-MRA, the multidirectional flow in the 
portal venous system requires imaging in both dorsal and transverse planes which lengthens 
acquisition and makes assessment more cumbersome. With PC-MRA, inappropriate choice of 
the maximum expected velocity will result in slow flow being missed or in fast flow being 
aliased. As opposed to PC and TOF-MRA, signal with 3D CE-MRA is independent of speed and 
direction of flow, and only dependent on the local concentration of gadolinium. In addition, 
unlike non-contrast techniques, CE-MRA allows simultaneous evaluation of the liver 
parenchyma. When TOF-MRA was used to assess portosystemic shunts in dogs, a fusion 
program was needed to provide anatomic landmarks to locate the origin and termination of the 
shunting vessels, and 21% of the shunting vessels were missed. 
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