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2D single-slice scans in a variety of anatomical planes  
are the mainstay of cardiac functional and flow imaging.  
This requires fast and accurate planning. However, 
localization of cardiac views can be difficult in cases  
of deviant anatomy. 

‘Standard’ cardiac views for the left ventricle (LV) 
typically comprise 2-chamber, 3-chamber, 4-chamber, 
short-axis (SAX) views, or coronal LVOT. Right ventricle  
(RV) views typically comprise RVOT and RV 2-chamber 
views.

Other common views are the main pulmonary artery, 
aortic arch ‘candy cane’, en face views of the aortic / mi-
tral / tricuspid / pulmonary valve for function, or just distal 
to the valve leaflets for flow measurements.

More esoteric views might include, e.g., right and 
left pulmonary artery, coronary sinus, the right and left 
superior / inferior pulmonary veins, as well as SVC and  
IVC view of the right atrium etc. In cases of pathology, 
patient-specific custom views might be required to 
visualize abnormal flow due to shunts, defects, or 
stenosis.

Current planning tools
1. Multiple 2D single-shot localizers. A ‘pseudo’ or close 
approximation view is obtained, and planning is then 
iteratively refined using the most recent cine view. 
However, multiple breath-holds are required for each 
localizer; inconsistent breath-holding can result in slices 
becoming incongruent. Also, as planning is prospective, 
it is always necessary to wait for the latest image, which 
may be inefficient.

2. 3-point localizer tool. This assumes that the point 
selected is actually the optimum location – which may 
not be the case if there is no stack of 2D or 3D images to 
choose. Furthermore, tortuous anatomy may necessitate 
some compromise for all structures to be seen, e.g.,  
the optimum plane showing the ascending arch and 
descending aorta in its entirety (the candy cane view) 
may not pass through the exact center of the vessel.

3. Specialized software such as the Cardiac Dot Engine. 
Through training and recognition of landmarks, this will 
automatically and consistently localize the 2C , 3C, 4C, 
and SAX views after the acquisition of an ‘AA scout’. 
However, automatic alignment for other specialized 
views is not yet available. This software is licensed and is 
not available on older software platforms such as VA, VB, 
and VC lines. 

3D localization technique 
An alternative method of localizing cardiac views involves 
the use of 3D Task Card to generate MPR images, which 
are then imported back onto the Exam Task Card to copy 
the center slice location.

1. The only images required are a stack of triggered 
single-shot images in breath-hold. TrueFISP bright blood  
or HASTE dark blood anatomical datasets are fine, and 
are typically routinely acquired anyway.

The recommended orientation is axial, leaving no 
gap. According to the standard triggered trufisp_single-
shot_tra protocol in the Siemens-Heart-Morphology, the 
only modifications are to: 
• set Distance Factor = 0, and a slice thickness of  

6–8 mm, which should allow coverage of the heart to 
the aortic arch in about 25 slices. For pediatric cases, 
slice thickness should be reduced to 4–5 mm.

• Geometry = Ascending is preferred, so that the more 
critical slices covering the heart are acquired first, in 
case the patient’s breath-hold capability deteriorates 
midway through the measurement.

• Cardiac Shim (optional for 1.5T, mandatory for 3T). 
The green shim volume box should be positioned over  
the heart. 

• Capture Cycle ensures that acquisition is conducted in 
the diastolic window.

• Properties – Auto Open Inline Display is also helpful 
for monitoring the acquisition and obtaining a real-
time overview of the cardiac anatomy.
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Figure 1: 
MPR image (left) and actual Cine 
(right) of the 4-chamber view 
showing an identical anatomic 
view. The auto inplane rotation 
feature has optimally aligned  
the FOV to the patient’s back, 
and previewing the actual image 
has allowed aggressive setting  
of the rFOV to shorten breath-
hold time.

2. Load the dataset onto 3D Task Card. The stack of 
gapless 2D single-shot images is sufficient to visualize 
most cardiac anatomy in mult planar images with 
acceptable resolution. The orientation of the MPR lines 
can be set to obtain the desired views (as described 
later). Either click the quick ‘Save’ button (all images are 
put into an MPR Series), or the ‘Save As’ button to give 
the MPR series a unique name (this could be helpful to 
avoid mix-up, e.g., if doing across section of the right 
and left pulmonary arteries).

3. Drag and drop the newly created MPR series from the 
browser, directly into the GSP (it may also be loaded onto 
the stamp segment for quick access).

Open the Cine scan for planning:
• Right click – Copy Image Position on the MPR image  

to inherit that exact image position. 
• If Lock rotation is enabled (within the Phase  

Encode ‘...’ Properties), the scan will automatically be 
inplane rotated to be parallel to the posterior of the 
patient. This works well for transverse or sagittal 
oblique scans. For coronal LVOT scans, a manual 
rotation may be preferred.

To avoid misalignment:
• The Cine scan must be conducted in the same  

respiration state as the trufisp_tra series. Expiration is 
recommended for consistency.

• Do not use REF mode. The Cine scan must either be  
in ISO mode, or FIX for the same table position as the 
TrueFISP tra series.

An effective way of doing this is to ensure that the table 
is always centered correctly from the very beginning, and 
then to keep all protocols saved with FIX = H0.

4. Press the Scan button to apply this sequence. A copy 
will automatically be appended and opened ready for 
another immediate Copy Image Position on the next  
MPR view. In this way, all the Cine scans can be quickly 
queued up and ready to go. The acquired Cine should 
match very closely with the predicted MPR image (Figs.  
1 and 2). Further corrections and tweaking on the newly 
acquired Cines are generally not required.

This technique is not exclusive to single-slice scans, of 
course – a 3D slab or 2D stack (odd-numbered) could 
also benefit from using the Copy Image Position of an 
MPR image to quickly inherit the center slice location.

Figure 2: 
MPR image (left) and actual Cine 
(right) of the RVOT showing an 
identical anatomic view.
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Figure 4: 
Step 2: Moving anti-clockwise to the upper right image 
(pseudo 2C view): Align the long axis (blue) from mitral valve 
to apex. Align the other axis (red) perpendicularly.

Figure 5: 
Step 3: Moving anti-clockwise to the upper left image  
(SAX view), align the 2C orientation (green line) parallel to  
the RV insertion points, and the 4C orientation (blue line)  
passing through the apex. Iteratively make fine adjustments on 
all segments to further correct the 2C, 4C, and SAX orientations, 
until the localization is perfect. Highlight each desired segment 
and click ‘Save’ or ‘Save As’.

Localizing of the common left lentricular (LV) views: 
2C, 3C, 4C, SAX, LVOT

As the planning sequence is nearly identical to the 
traditional method using 2D localizers, no additional 
learning effort is required.

Figure 3: 
Step 1: Start with the true axial in the bottom left, and align the 
long axis (green) roughly from middle of mitral valve to apex. 
Align the other axis (red) perpendicularly.

Note that one may obtain more accurate 4C orientation by:
a) scrolling to a more basal SAX slice and checking that the slice 
does not cut into the outflow tract. Adjusting the angulation 
allows to dynamically check the resulting 4C view to ensure that 
the septum is clear (Fig. 6).
b) moving the 2C line (green) over to the RV, thereby obtaining  
the RV 2 chamber view, and checking that the slice passes 
through the middle of the tricuspid valve (Fig. 7).

Figure 6: 
Basal short axis slice to check the outflow tract.

Figure 7:
RV 2-chamber view, to show the tricuspid valve and RV inflow  
and outflow tracts.
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Figure 8: 
Step 4: Scroll the SAX series to a basal SAX slice, and align 
either the blue or the green long-axis line through the LVOT 
to obtain the 3-chamber view. 

Localizing the RVOT

Figure 10: 
Click on the Reset Orientation icon to return to the initial 
straight MPR views. On the axial MPR (bottom left), locate 
the main pulmonary artery. Angle the sagittal (red) line along 
the MPA, and the other line perpendicularly. On the resultant 
pseudo RVOT (top left), angle the coronal (blue) line along 
the RVOT, and the other line perpendicularly. The sagittal red 
line can now be adjusted and rotated to optimize the degree 
of RV vs. RVOT visualization, and previewed accordingly. The 
en face pulmonary valve view can also be checked.

Localizing the pulmonary arteries

Figure 11: 
Right PA – On the axial MPR, look for the right pulmonary 
artery branch and angle the long- and short-axis lines accord-
ingly. Do the same on the resulting orthogonal long axis view. 
The en face RPA view can be directly copied for through-plane 
flow studies, without further localization scans.

Figure 12: 
Left PA – On the axial MPR, look for the left pulmonary artery 
branch, and angle the long- and short-axis lines accordingly.  
Do the same on the resulting orthogonal long axis view. As  
there is usually only a narrow space between the main LPA  
and further branches, previewing the circular en face projection 
allows accurate prescription for through-plane flow studies.

Figure 9: 
Step 5: Aligning a long-axis slice through the LVOT on the  
3-chamber view (bottom left) will obtain the coronal LVOT  
projection (top left). At the same time, the en face aortic valve 
view can be planned by placing the cross-sectional lines perpen-
dicularly, on both orthogonal views. It can be confirmed on  
the resultant view that the vessel appears circular (top right).  
Of course, on a static single-shot, the movement of the valve 
leaflets cannot be seen; thus a long-axis Cine acquistion is 
required for accurate prescription of the valve view.
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Localizing the coronary sinus

Figure 13: 
Coronary Sinus – Starting from the axial MPR, examine the right atrium for the coronary sinus and angle the long and short-axis lines 
accordingly. Do the same on the resulting orthogonal long-axis view.

Localizing the SVC and IVC

Figure 14: 
SVC and IVC. Starting from the sagial MPR, examine the right atrium for the opening of the IVC and SVC and angle the coronal long-axis 
line along both. On the resultant coronal MPR, adjust the sagittal MPR line to pass through the IVC and SVC. Check the preview and 
make fine adjustments accordingly.

Figure 15: 
Right superior PV. The four pulmonary 
veins are distinct, yet in close proximity. 
Careful scrolling of the axial MPR stack 
can distinguish the individual vessels.

Localizing the pulmonary veins 
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Summary
The 3D Localization technique is an efficient and reliable 
way to localize cardiac views, especially in unfamiliar 
anatomical territory e.g. complex cardiomyopathies, post- 
surgical changes, or animal scans. For new trainees, the 
ability to visualize anatomy in 3D also promotes a better 
understanding and appreciation of the required angula-
tions.

The unique advantages are:
• Time saving. It uses the same stack of transverse 

single-shot TrueFISP or HASTE_db images, which is 
usually routinely acquired for every examination.  
No additional 2D localizers are required, thus fewer 
breath-holds for the patient. 

• Higher accuracy from the beginning, due to the  
benefit of visualizing all other planes. This avoids  
the initial pseudo or approximation views. 

• Reliability and consistency, due to the ability to 
preview the exact appearance of the projection.  
This is useful, for example to avoid the aortic outflow 
tract appearing on the 4C view, or to adjust the 
appearance of the RVOT and pulmonary valve. It also 
allows optimization of the rFOV to shorten scan time 
or avoid aliasing without guesswork or test scans. 

• Allows multi-tasking. Since planning is done retrospec-
tively in the 3D Task Card, this can be done while other 
scans are running. If an MRWP console is available, 
another person could perform the planning simultane-
ously (e.g., in complex cases) – saved MPR images will 
be automatically available on the AWP for the operator.
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Figure 18: 
Left inferior PV. Usually easy to locate due 
posterior direction.

Figure 17: 
Left superior PV. Can be difficult to locate 
due to the presence of many vessels 
above and below.

Figure 16: 
Right inferior PV. Usually easy to locate 
due posterior direction.
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