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1 14-year-old male, single-shot dark-blood TurboFLASH, orthogonal and oblique localizers, 
triggered on every second heart beat, FOV 400 mm, 192 matrix, 7 mm slice, free-breathing, 
MAGNETOM Verio. (Courtesy of Children’s Mercy Hospital, Kansas City, USA.)

Introduction

Cardiovascular MR imaging of pediatric 
patients, especially those with congeni-
tal disease, is currently performed pre-
dominately at major pediatric medical 
centers with both the high-end equip-
ment and the specialized clinical exper-
tise for these challenging exams. Most 
of these centers currently utilize 1.5T 
field-strength due to its wide-spread 
availability and due to the common per-
ception that 3T field-strength poses too 
many technical challenges. 
The basic challenges of imaging pediat-
ric patients are mainly due to their high-
er heart rates and their smaller anatomic 
structures, as compared to adult patients. 
The additional challenges of imaging 
these patients at higher field-strength 
are due to the higher heat deposition 
(SAR) and increased T1 values of tissues, 
as compared to 1.5T imaging. This article 
demonstrates and discusses methods 
to overcome these challenges using the 
Siemens MAGNETOM family of 3T sys-
tems, namely the MAGNETOM Trio, A 
Tim System and the MAGNETOM Verio.

Methods
Ten pediatric patients ranging in age 
from 2 months* to 17 years were scanned 
on either a Tim Trio or a Verio system 
using standard commercially-available 
software and techniques. Standard pulse 
sequences and sequence parameter 
(syngo MR B15) were used in all cases. 
Pulse sequence parameters were opti-
mized in each case to accommodate the 
patient’s heart rate, body size, and level 

*The safety of imaging fetuses/infants has not been 
established.
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of sedation. Each exam was conducted 
within approximately 1-hour time-frame. 
Depending upon the clinical scenario, 
some patients received conscious seda-
tion while others received general anes-
thesia.
At 1.5T field-strength the orthogonal 
and oblique localizers are typically per-
formed with a single-shot bright-blood 
TrueFISP technique. However, at 3T 
field-strength these localizers are typi-
cally performed with a single-shot dark 
blood TurboFLASH technique due to its 
relative insensitivity to susceptibility arti-
facts, off-resonance artifacts, and heat 
deposition as compared to TrueFISP. Due 
to the dark-blood preparation pulse, this 
technique requires that the data is 

acquired on every second heart beat, or 
every third heart beat in cases of ex-
tremely fast heart rates. This technique 
is also insensitive to patient breathing 
because it is a single-shot acquisition.
A common strategy for imaging pediat-
ric patients is to perform transverse 
stacks of single-shot bright-blood True-
FISP and single-shot dark-blood HASTE 
images to completely survey the entire 
heart and great vessels. These are typi-
cally slightly thinner slices than the
localizers, with zero or minimal gap to 
assure that nothing is missed in the sur-
vey. TrueFISP is triggered to the diastolic 
segment of every single heart beat, 
whereas HASTE is triggered to the dia-
stolic segment of every second (or third) 

heart beat, and both techniques are 
insensitive to patient breathing. 
Gradient-echo (GRE) techniques are typi-
cally used for cine imaging at 3T because 
they are less sensitive to susceptibility 
artifacts, off-resonance artifacts, and 
heat deposition (SAR) than TrueFISP 
techniques. Pediatric cine imaging is 
performed in the standard short axis and 
long axis views of the heart, and often 
includes orthogonal views as well. 
Cine images are typically acquired with 
1 signal average during a patient breath-
hold, but can alternatively be acquired 
with 3–4 averages during free-breathing 
if the patient is sedated (as with the 
sagittal and transverse images in Fig. 3).

2 14-year-old male, 
single-shot bright-blood 
TrueFISP triggered on 
every single heart beat 
(A), single-shot dark-
blood HASTE triggered 
on every second heart 
beat (B), FOV 360 mm, 
192 matrix, 8 mm slice, 
free-breathing, 
MAGNETOM Verio. 
(Courtesy of Children’s 
Mercy Hospital, Kansas 
City, USA.)

3 11-year-old 
female, GRE cine in 
short axis, 2-chamber 
and 4-chamber long 
axes, coronal, sagittal, 
and transverse views, 
FOV 360 mm, 
224 matrix, 6 mm 
slice, breath-hold, 
MAGNETOM Verio. 
(Courtesy of Children’s 
Mercy Hospital, 
Kansas City, USA.) 
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If one cares to invest some additional 
time to perform Frequency Scout scans 
in each view (approx 1 minute/view), 
one can use the TrueFISP technique for 
cine imaging instead of the GRE tech-
nique. Each Frequency Scout scan is per-
formed in a single breath-hold and 
allows the selection of an optimal offset 
frequency to be used with a TrueFISP 
cine in the same view. Using an opti-
mized offset frequency for TrueFISP does 
significantly reduce, and often elimi-
nate, those pesky susceptibility artifacts 
and off-resonance artifacts. Frequency 
Scout results in a series of images, all 
with different offset frequencies – you 

simply look at the image, select the one 
with the least amount of artifacts in the 
heart, and use its offset frequency in 
your subsequent TrueFISP cines in the 
same view.
TrueFISP images should ideally be 
acquired with maximal flip angle (90°) in 
order to maximize image contrast. At 
1.5T it is common to use flip angles 
greater than 75°, but at 3T it is common 
to use much lower flip angles due to its 
inherently higher heat deposition (SAR), 
thereby compromising image contrast. 
To obtain the highest possible flip angle 
at 3T, one may increase the SAR limit to 
a higher level (FIRST LEVEL) and reduce 

the RF pulse duration from (FAST) to 
(NORMAL) in the Sequence / Part 2 
taskcard. This may increase the flip 
angle by as much as 10°–15°, thereby 
improving the TrueFISP image contrast. 
By optimizing both the offset frequency 
and the flip angle, one can obtain quite 
good results with TrueFISP cine at 3T.
Congenital disease is the most common 
indication for MR imaging of pediatric 
patients. Phase-contrast flow quantifica-
tion methods play a huge role in pre-
surgical and post-surgical assessment 
of these patients, particularly in cases 
involving vascular stenoses, coarcta-
tions, baffles, and abnormal valves. Flow 

4 11-year-old female, Frequency Scout in the short axis view, offset frequency +250 Hz has least artifacts in the heart, FOV 400 mm, 
192 matrix, 6 mm slice, breath-hold, MAGNETOM Verio. (Courtesy of Children’s Mercy Hospital, Kansas City, USA.) 

5 11-year-old female, 
TrueFISP cine in short axis 
and long axis views, opti-
mized offset frequency 
and optimized flip angle, 
FOV 360 mm, 256 matrix, 
6 mm slice, breath-hold, 
MAGNETOM Verio. 
(Courtesy of Children’s 
Mercy Hospital, 
Kansas City, USA.)
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imaging at 3T provides a significant sig-
nal-to-noise (SNR) advantage over 1.5T, 
and there are no discernable disadvan-
tages at 3T. The SNR advantage may be 
used to improve spatial resolution, 
resulting in even better image quality at 

3T in the same imaging time as 1.5T. 
This is quite an advantage in the setting 
of pediatric patients, where smaller 
FOV’s and thinner slices are typically 
used to improve spatial resolution. Addi-
tionally, higher temporal resolution in 

pediatric imaging is accomplished by 
reducing the number of k-space lines 
per cardiac phase (SEGMENTS) in order 
to reduce the TR as the heart rate is 
increased.
Three miscellaneous techniques 

6A 

6 11-year-old female, Phase-contrast flow images acquired in short axis view demonstrates flow through mitral valve (6B) and in transverse 
view demonstrates main, left branch, and right branch pulmonary arteries (6C-6E) with thru-plane and in-plane flow encoding, FOV 360 mm, 
192 matrix, 6 mm slice, breath-hold, MAGNETOM Verio. (Courtesy of Children’s Mercy Hospital, Kansas City, USA.)
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employed in pediatric MR imaging 
include Dark-Blood Turbo Spin Echo 
(DBTSE), both with and without fatsat, 
as well as Grid-Tagged cine. All of these 
techniques benefit much from the SNR 
advantage at 3T. Although grid-tagged 

techniques have no discernable disad-
vantages at 3T, it is slightly more diffi-
cult to completely null the blood in 
DBTSE techniques due to the longer T1 
recovery rate of blood at 3T compared to 
1.5T. Gating to the diastolic segment of 

the second heart beat after the trigger 
pulse and completely skipping over the 
third heart beat after the trigger pulse 
may help resolve this issue and improve 
blood nulling, especially with faster 
patient heart rates.

7 7-year-old 
female, Phase-
contrast flow 
images of 
pulmonary 
artery regur-
gitation, for-
ward volume 
43 ml, reverse 
volume 12 ml, 
FOV 320 mm, 
256 matrix, 
5 mm slice, 
3 averages, 
free-breathing, 
MAGNETOM 
Trio, A Tim 
System. 
(Courtesy of 
Methodist 
Healthcare 
System, 
San Antonio, 
USA.) 

7C 

8 17-year-old male, Dark-Blood Turbo Spin Echo without fatsat (left) and with fatsat (middle), both gated to the diastolic segment of the 
second heart beat and the third heart beat is completely skipped, Grid-Tagged cine (right), FOV 360 mm, 192 matrix, 8 mm slice, breath-hold, 
MAGNETOM Verio. (Courtesy of Children’s Mercy Hospital, Kansas City, USA.)
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Easy, robust, time-resolved MR angiogra-
phy may be performed with the syngo 
TWIST technique. This technique is par-
ticularly useful in pediatric patients who 
are typically free-breathing due to seda-
tion. syngo TWIST acquires multiple 3D 

measurements (volumes) in a repeated 
time series during the first-pass of con-
trast agent through the vascular system. 
Unlike conventional MR angiographic 
methods, syngo TWIST requires no test 
bolus to determine optimal injection 

timing and dose rates – just inject and 
scan. The first 3D measurement is always 
used as an automatic subtraction mask 
for all remaining measurements, thus it 
is crucial to allow sufficient scan delay 
after injection to ensure that no contrast 

9 14-year-old male, syngo TWIST time-resolved MR angiogram, 3 sec temporal resolution, FOV 420 mm, 320 matrix, 1.4 mm slice, PAT x2, 
free-breathing, MAGNETOM Verio. (Courtesy of Children’s Mercy Hospital, Kansas City, USA.)
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11 15-year-
old female, 
syngo TWIST 
time-resolved 
MR angiogram, 
3 sec temporal 
resolution, 
FOV 160 mm, 
512 matrix, 
1.5 mm slice, 
PAT x3, free-
breathing, 
MAGNETOM 
Trio, A Tim 
System. 
(Couresy of 
Seattle Childrens 
Hospital, 
Seattle, USA.) 
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appears within the target vessels during 
the first measurement. For your conve-
nience, the time duration of the first 
measurement (whole matrix) and all 
subsequent measurements (temporal 
resolution) is displayed within the Acqui-
sition Time (TA) parameter. The first 
measurement always takes considerably 
longer to acquire than the remaining 
measurements. syngo TWIST requires 
only one-half the typical contrast dose 
of a conventional MR angiogram. This 
can be used either to substantially re-
duce the patient’s risk or to perform two 
separate syngo TWIST scans with only a 
single dose.
The increased signal at 3T provides a 
huge benefit for delayed enhancement 
imaging of myocardium, especially for 
pediatric patients where smaller FOV’s 
and thinner slices are used. TrueFISP 
techniques should be avoided for this 
application due to extreme sensitivity to 
susceptibility artifacts and off-resonance 
artifacts at 3T. Segmented TurboFLASH 
should be used for patients who can 
breath-hold, or single-shot TurboFLASH 
should be used for those who can not 
breath-hold.

Discussion
One of the challenges encountered 
when imaging pediatric patients at 1.5T 
is that the combination of smaller fields-
of-view (for improved spatial resolution) 
and parallel acquisition techniques (for 
improved temporal resolution) may result 
in unacceptable loss of signal-to-noise 
ratio. However, the additional signal pro-
vided by the higher field-strength means 
that this combination is much more fea-
sible at 3T than at 1.5T. Thus it is even 
more common at 3T to combine higher 
iPAT factors with smaller FOV’s for imag-
ing pediatric patients, especially with 
vascular MRA techniques. 
When imaging pediatric patients with 
smaller FOV’s and thinner slices the SNR 
is always of concern – too often really 
grainy-looking images result. When this 
is the case, a simple but effective meth-
od to improve image quality is to apply 
the optional image filter to the acquisi-
tion protocol. Begin with the default set-
tings (Resolution, Filter, Medium, 3, 3) 

10A 10B

10C

10 23-year-
old female, 
single-shot 
TurboFLASH, 
FOV 350 mm, 
192 matrix, 
6 mm slice, 
free-breathing, 
MAGNETOM 
Trio, A Tim 
System. 
(Courtesy of 
Methodist 
Healthcare 
System, 
San Antonio, 
USA.)
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and adjust to your preference if needed. 
This filter may be used to emphasize 
edge enhancement, smoothing, or both. 
It is a common practice at 3T to acquire 
cine images with gradient-echo (GRE) 
techniques instead of steady-state-free-
precession (TrueFISP) techniques because 
GRE is less sensitive to susceptibility arti-
facts, off-resonance artifacts, and heat 

deposition. Beware that when using GRE 
techniques the flip angle must be opti-
mized much differently according to 
field-strength. At 1.5T the optimal flip 
angles are about 20°–25° for in-plane 
flow such as long-axis views of the heart 
or sagittal-oblique views of the aorta, 
and about 25°–30° for through-plane 
flow such as short-axis views of the 

heart or transverse views of the aorta. 
However, at 3T the optimal flip angles 
are about 12°–13° for in-plane flow, and 
about 17°–18° for through-plane flow. If 
you use flip angles too high (for example 
30° at 3T) the blood will contain signal 
voids and extreme flow patterns rather 
than being homogeneous in appearance, 
as shown in Fig. 13. 

12 14-year-old male, 
GRE cine, FOV 300 mm, 
192 matrix, 6 mm slice, 
medium image filter, 
3 averages, free-breathing, 
MAGNETOM Trio, A Tim 
System. 
(Courtesy of Methodist 
Healthcare System, 
San Antonio, USA.) 

13 14-year-old male, GRE cine with 18° flip angle (A) versus 30° flip angle (B), FOV 360 mm, 224 matrix, 7 mm slice, breath-hold, MAGNETOM Verio. 
(Courtesy of Children’s Mercy Hospital, Kansas City, USA.) 
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Very young pediatric patients typically 
have very fast heart rates (>100 bpm) 
resulting in very short cardiac cycles 
(<600 ms). This presents well-known 
challenges when performing dark-blood 
imaging, and even more so at 3T due to 
the longer T1 recovery rates of the tis-
sues at 3T. Thus, it is necessary to slightly 
modify the trigger timing for heart rates 

greater than approximately 100 bpm. 
The figure immediately below shows 
trigger timing setup for patient heart 
rates <100 bpm, and the next figure 
shows the setup for patient heart rates 
>100 bpm. For the faster heart rates the 
acquisition window should be increased 
to span nearly 2 complete cardiac 
cycles, the TR should be adjusted for 

data acquisition to occur in late diastole 
of the second heart beat, and the 
trigger pulse should be set to 2 to cause 
the third heart beat to be completely 
skipped. This strategy results in the net 
repetition period being x3 cardiac cycles 
duration, and thus helps promote full 
T1 recovery of the tissues and optimal 
blood nulling.

14 Patient heart 
rate <100 bpm, 
trigger timing 
for dark-blood 
sequence, acquisi-
tion window spans 
nearly 1 complete 
cardiac cycle, 
TR adjusted for 
data acquisition 
to occur in late 
diastole of the first 
heart beat, trigger 
pulse set to 2 to 
completely skip the 
second heart beat. 

15 Patient heart 
rate >100 bpm, 
trigger timing 
for dark-blood 
sequence, acquisi-
tion window spans 
nearly 2 complete 
cardiac cycles, 
TR adjusted for 
data acquisition 
to occur in late 
diastole of the 
second heart beat, 
trigger pulse set 
to 2 to completely 
skip the third heart 
beat. 
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16 Marfan syndrome, enlarged aortic root, MAGNETOM Verio. (Courtesy of Children’s Mercy Hospital, Kansas City, USA.) 
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Clinical Case 1

 Patient 

■ 17-year-old male

 MR Indication 
■ Marfan syndrome

 MR Techniques 

■ Dark-blood HASTE in transverse view
■ Bright-blood single-shot TrueFISP 
 in transverse view
■ GRE cine in sagittal oblique view
■ Phase-contrast flow in sagittal 
 oblique view
■ syngo TWIST time-resolved MRA 
 in sagittal view

16D
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 MR Findings 

■ Enlarged aortic root
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Clinical Case 2

 Patient 

■ 3-year-old male

 MR Indication 
■ Pulmonary valve stenosis

 MR Techniques 

■ Contrast MRA in transverse view
■ GRE cine in sagittal, coronal, 
 and transverse views
■ Phase-contrast flow imaging in 
 transverse view
■ Argus flow analysis

 MR Findings 

■ Severe pulmonary artery stenosis
■ Dilated pulmonary artery
■ Thickened pulmonary valve

17 Dilated 
pulmonary 
artery, stenotic 
and thickened 
pulmonary valve, 
MAGNETOM Trio, 
A Tim System. 
(Courtesy of 
Methodist Health-
care System, 
San Antonio, 
USA.)
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18 Small focal 
scar in lateral 
apical LV wall, 
three small 
aneurysms in 
LV wall, 
MAGNETOM Trio, 
A Tim System. 
(Courtesy of 
Methodist Health-
care System, 
San Antonio, 
USA.)
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Clinical Case 3

 
Patient

 

■ 2-year-old* female

 MR Indication 
■ Cardiac aneurysm

 MR Techniques 

■ GRE cine in short axis and 
 transverse views
■ Segmented TurboFLASH delayed 
 enhancement in short axis, long axis,  
 and transverse views

 MR Findings 

■ Small focal scar in lateral apical 
 LV wall
■ Three small aneurysms in LV wall

18A

18E

18C

*The safety of imaging fetuses/infants has not 
been established.
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Clinical Case 4

 
Patient

 

■ 4-year-old female

 MR Indication 
■ Aortic Coarctation

 MR Techniques 

■ Dark-blood HASTE in transverse 
 and coronal views
■ GRE cine in short axis, transverse, 
 and sagittal oblique views
■ Phase-contrast flow imaging in 
 transverse and sagittal oblique views
■ Contrast MRA in transverse and coronal 
views

 MR Findings 

■ High velocities across re-coarctation 
 of proximal descending aorta
■ Occluded left subclavian artery 
 with vertebral steal
■ Enlarged central pulmonary arteries

19 High velocities 
across coarctation 
of proximal 
descending aorta, 
occluded left 
subclavian artery 
with vertebral 
steal, enlarged 
central pulmonary 
arteries, 
MAGNETOM Trio, 
A Tim System. 
(Courtesy of 
Methodist Health-
care System, 
San Antonio, 
USA.)
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20 Anomalous left upper pulmonary vein drains to left innominate vein, no evidence for obstruction or stenosis, 
MAGNETOM Trio, A Tim System. (Courtesy of Seattle Childrens Hospital, Seattle, USA.)
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20D 20E

This brochure provides you with information about 
MR cardiac imaging with syngo MR.
As a first step it explains the basics of the individual 
areas of MR cardiac imaging. This is followed by a prac-
tical part that shows parameter settings or descriptive 
examples of certain steps within the examination. 

k Visit 
www.siemens.com/magnetom-world 
to download the Cardiovascular 
MR Imaging Smart Guide.
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Clinical Case 5

 Patient 

■ 13-year-old female

 MR Indication 
■ Followup for congenital aortic 
 stenosis and bicuspid aortic valve

 MR Techniques 
■ Dark-blood TurboFLASH in 
 sagittal, transverse and coronal views
■ Phase-contrast flow imaging of 
 pulmonary arteries and veins
■ TWIST time-resolved MRA in 
 coronal view

 MR Findings 
■ Anomalous left upper pulmonary 
 vein (LUPV) drains to left 
 innominate vein
■ LUPV drains 58% of left pulmonary 
 artery (LPA) flow
■ No evidence for obstruction or 
 stenosis
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21 Mild stenosis at coarctation, no evidence of collaterals, bicuspid aortic valve, normal LV and RV size and function, 
MAGNETOM Trio, A Tim System. (Courtesy of Seattle Childrens Hospital, Seattle, USA.)
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Clinical Case 6

 Patient 

■ 16-year old female

 MR Indication 
■ Aortic coarctation, aortic valve 
 stenosis and insufficiency 

 MR Techniques 
■ GRE cine of aortic valve orifice 
 and leaflets
■ TrueFISP cine of LV and RV in all views
■ Thru-plane flow imaging of ascending  
 aorta and pulmonary artery
■ In-plane flow imaging of coarctation  
 in sagittal oblique view
■ syngo TWIST time-resolved MRA in  
 coronal view

 MR Findings 
■ Mild to moderate residual stenosis 
 at level of previous balloon 
 angioplasty
■ Peak velocity of 2.9 m/sec just distal 
 to coarctation 
■ No evidence of collateral formation
■ Bicuspid aortic valve with no evidence  
 of significant stenosis or regurgitation
■ Normal LV and RV size and function

Contact 
Gary McNeal

Clinical Application Specialist

Siemens Medical Solutions USA, Inc.

MR RD Cardiac Collab (NW & UCLA)

2501 North Barrington Road, Suite 200

Hoffman Estates, IL 60192-2061

USA

gary.mcneal@siemens.com
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Siemens AG
Medical Solutions
Henkestr. 127
91052 Erlangen
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Phone: +49 9131 84-0

Latin America
Siemens S.A.
Medical Solutions
Avenida de Pte. Julio A. Roca No 516, 
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Phone: +54 11 4340-8400

USA:
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Global Siemens
Healthcare Headquarters

Siemens AG
Healthcare Sector
Henkestr. 127
91052 Erlangen
Germany
Phone: +49 9131 84-0
www.siemens.com/healthcare

Global Siemens Headquarters

Siemens AG
Wittelsbacherplatz 2
80333 Muenchen
Germany

Order No. A91MR-1000-59C-7600 | Printed in Germany | CC MR 01000 ZS 050920. | © 05.09, Siemens AG




