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Section 1. Introduction
Time-resolved contrast-enhanced MR angiography
creates a series of 3D images during the passage of
a contrast agent. The principle clinical application
is to demonstrate dynamic vascular events such as
arterial-venous malformations, fistulas, shunts, and
many congenital diseases. Additionally, this method
is ideal for demonstrating non-symmetric filling
defects typical in pulmonary diseases and peripheral
atherosclerotic diseases. Another clinical application
is to determine the optimal bolus arrival time for
conventional, high-resolution contrast-enhanced MR
angiography techniques, a.k.a. the “bolus timing

test” technique. In general, time-resolved methods
provide improved temporal resolution (faster)
with some compromise in spatial resolution (detail)
as compared to conventional MR angiography
techniques, although these compromises are often
acceptable from a clinical perspective, especially
when assessing dynamic vascular events.
Appendix 1 contains a more detailed discussion of
optimized clinical protocols and Appendix 2 contains
a more detailed discussion of the sequence implementation and caveats.

Section 2. Basic syngo TWIST Principles
The simplest strategy for time-resolved contrastenhanced MR angiography is to use a conventional
3D gradient echo sequence (“fl3d_ce”) and design
the measurement protocol such that the scan time
per 3D volume is only a few seconds, thereby allowing multiple repetitions in a very short time. This
is usually done by greatly reducing the number of
slices with each slice being much thicker.
Several well-known strategies exist to reduce
the scan time per 3D volume:

• Short TR
• Rectangular FOV
• Partial Fourier
• Reduction in spatial resolution
- In-plane
- slice
• Parallel imaging
- In-plane (phase-encoding direction)
- Both
(phase-encoding and slice-encoding directions)
With these strategies it is possible to get scan times
ranging from one to several seconds, depending on
selected parameters.
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Section 2. Basic syngo TWIST Principles

Further temporal acceleration is possible using nonconventional k-space manipulations. Conventionally,
we sample every point in k-space for every 3D
measurement. However, more than 10 years ago
there were some early reports on faster frame rates
using variable k-space sampling strategies. The main
idea is that the central k-space lines are visited more
frequently than the peripheral k-space lines (CURE*).
With the central k-space lines acquired more frequently, the images can be updated more rapidly
because the image contrast is determined largely
by the center of k-space, whereas the periphery of
k-space determines largely the resolution of the
image. This idea suggests to split k-space into two
regions (Fig.1).
Figure 1: k-space is split into two regions:
A, which defines the main contrast in the image, and
B which contributes to the detail information in the
images. For simplicity, the readout axis kx is omitted
in this picture.

The temporal acceleration is based on the fact that
k-space lines in A will be sampled more frequently
than k-space lines in B over the course of the
complete measurement during the passage of the
contrast agent. Therefore, the temporal resolution
which is determined by the repetition of the center
region A is improved as compared to a conventional
full k-space acquisition (Fig. 2).
conventional temporal resolution
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Figure 2: If (A) and (B) are sampled at the conventional rate, we have conventional temporal resolution (A+B).
But if (B) is sampled only half as frequently we have improved temporal resolution (A + B/2) because B is shorter.

* Continuous Update with Random Encoding (CURE): A New Strategy for Dynamic Imaging. Todd Parrish, Xiaoping Hu, Magnetic
Resonance in Medicine, MRM 33: 326-335 (1995)
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In syngo TWIST the “temporal resolution” is defined
as the repetition time of the center region, whereas
“temporal footprint” is defined as the time needed
to completely fill the center region plus all data in
the outer region. As shown in figure 3, the “temporal
resolution” of the syngo TWIST measurement
includes the time to acquire the center segment
A plus one B trajectory, whereas the “temporal footprint” spans from B1 through B4, including three
center segments. Note that the “temporal footprint”

A1

B4

A2

temporal resolution

B1

A3

B2

includes only the minimum number of B segments
needed to completely fill the outer region, but
unfortunately it also includes an excess number of
A segments. As each B segment is shortened by
reduced sampling, it becomes necessary to acquire
more B segments to completely fill k-space. Decreasing
the size of region A and/or decreasing the sampling
density of region B will surely decrease the temporal
resolution” but will unfortunately increase the temporal footprint” due to these excessive A regions.

A4

B3

A5

B4

A6

B1

temporal footprint

Figure 3: In syngo TWIST the “temporal resolution” is defined as the time needed to fill one trajectory in region A plus
one trajectory in region B, whereas “temporal footprint” is defined as the time needed to fill one trajectory in region
A plus all trajectories in region B. In this example with sampling density of 25% for region B, so there will be 4 trajectories
required to scan all data points in region B. Thus the “temporal resolution” includes 1 region A plus 1 region B, whereas
the “temporal footprint” includes 3 regions A plus 4 regions B.

Section 3. Acquisition Strategies
syngo TWIST acquisition strategies have been clinically optimized to consider the clinical requirements
for spatial and temporal resolution, optimal PAT factors, and coil combinations. No distinction was made
between 1.5T and 3T – whatever works well at 1.5T
should work even better at 3T. Each of the following
clinical applications offer protocols for high temporal
resolution and high spatial resolution
(See Appendix 1 for details):
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• Head (intracranial)
• Carotid (aortic arch and carotids)
• Thorax (pulmonary, aorta, and subclavians)
• Abdomen (aorta, renals, and iliacs)
• Thigh (runoff thighs)
• Calf (runoff calves and feet)
• Hand (extremity)
Since higher acceleration factors (PAT) generally
require more coil elements and RF channels,
the protocols are also organized according to RF
configuration:
• PAT 2 + 08 channels
• PAT 3 + 18/32 channels
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Test Bolus Protocols are designed with the highest
possible temporal resolution (1 second per 3D measurement) in order to allow very accurate determination of the bolus arrival time, but at the expense of
very non-isotropic spatial resolution (thick slices).
Spatial detail is compromised in order to emphasize
temporal resolution. In general, bolus timing tests
are not required for time-resolved MRA exams,
but may be useful for certain situations. Bolus
timing tests may be useful for anticipating when to
start a breath-hold maneuver (if desired) for thoracic
and abdominal time-resolved MRA exams in order
to optimize the effectiveness of the breath-hold, or
for planning a subsequent single phase high resolution MRA. Also, for time-resolved MRA exams of
the lower legs, in which the contrast arrival is often
quite delayed, bolus timing tests may be useful to
determine the appropriate scan delay in order to
eliminate a huge number of early images before the
contrast arrives. The advantage of using 3D syngo
TWIST for conducting a bolus timing test rather
than using a conventional, single-slice 2D method is
that the imaging slab can be much thicker to more
completely encompass the entire anatomy, thereby
making it easier to understand the anatomic context
of the bolus arrival relative to adjacent structures (Fig. 4).

7 sec

10 sec

13 sec

syngo TWIST is not appropriate for use with
Care-Bolus Techniques because it does not support Inline Realtime Image Reconstruction.
Furthermore, syngo TWIST will fail to reconstruct
any images if you stop the sequence early.
For test bolus protocols, a small bolus of contrast
agent (1-2 ml) is injected at a modest rate (2-3 ml/sec)
and flushed with a larger bolus of saline (20-25 ml)
at the same rate. One has to keep in mind to use the
same flow rates for the subsequent MRA. The syngo
TWIST measurement and the bolus injection are
started simultaneously in a bolus timing test (Fig. 5).
For the thorax and abdomen, a breath-hold is also
started at the same time. Each image in the resulting
series is time-stamped with the exact time delay
after start of the scan. When using syngo TWIST for
a bolus timing test only a single MIP (Maximum
Intensitiy Projection) image of each 3D measurement is actually saved and viewed – all the original
3D datasets are discarded to save disk memory
space. Since automatic Inline subtraction and
MIP are performed, always verify that the MIP
orientation coincides with the imaging slab
orientation.

16 sec

19 sec

22 sec

Figure 4: Bolus timing test is used to accurately determine bolus arrival time. Protocols are set up in a way that each
image in the resulting series is time-stamped with the exact time delay after start of the scan, and only the MIP images
are saved. Temporal resolution is typically 1 second. MIP images in the sagittal view best demonstrate the most central
vascular structures including pulmonary, aortic, and carotid vessels. This series of images represents every third frame
from the acquired series.
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Inline Subtraction and MIP utilizes the first measurement as the subtraction mask. If the subtraction
mask contains contrast agent in the target vessel,
there will be signal voids in the subtracted images.
It is critical to fully acquire the first measurement
before the contrast agent arrives at the target
vessel. The end of the first measurement can be
determined by floating the mouse cursor over the
Acquisition Time parameter (TA) on the Exam taskcard. A pop-up window will list the start, end, and
time-to-center of each measurement, as well as
the temporal resolution and whole matrix duration
of the scan (see figure 8).
High Temporal Resolution Protocols are designed
with a moderate combination of both speed and
spatial detail. The temporal resolution is typically
about 2-3 seconds per 3D measurement, with
slightly non-isotropic spatial resolution. This is
ideally suited to demonstrate “dynamic” vascular
events such as arterial-venous malformations,
fistulas, shunts, and many congenital diseases
(Fig. 6). As compared to bolus timing test protocols,
these typically use thinner slices, smaller fieldsof-view and/or higher matrices, thereby resulting in
temporal resolution that is 2-3 times longer but
with better spatial detail.

Figure 5: Timing diagram for a bolus timing test. Start the
contrast injection and the measurement simultaneously.
The time stamps indicating the time after the start of the
measurement are displayed in the “TT” value of the image
text. During the prep phase the RF pulses are played out,
but no data are recorded, to get the magnetization into
steady state. The 1st measurement has significantly longer
duration than all others because it includes multiple B
segments, whereas all other measurements include only
one B segment.

2sec

4sec

6sec

8sec

10sec

12sec

14sec

16sec

18sec

20sec

Figure 6: High temporal resolution exam is used to demonstrate left subclavian artery occlusion with steal from the left
vertebral artery. Temporal resolution is typically about 2 seconds. MIP images in the coronal view best demonstrate the
aorta and its upper branches, including subclavian and carotid arteries. This series of images represents every frame from
the acquired series.
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High Spatial Resolution Protocols are designed to
emphasize isotropic detail rather than speed. The
temporal resolution is typically about 3-6 seconds
per 3D measurement, with nearly isotropic spatial
resolution. This method is sometimes called “multiphase” because it can separately depict the pulmonary, systemic, and venous phases. As compared to
the high temporal resolution protocols, these typically use thinner slices with smaller fields-of-view
and/or higher matrices, thereby resulting in nearly
isotropic spatial resolution. This is ideally suited to
demonstrate smaller stenoses, smaller aneurysms,
and smaller anatomic structures (eg, pulmonary
veins, renal arteries, intracranial arteries, etc). Each

3D measurement has such high spatial resolution
that it can be visualized separately with full rotation
MIP, MPR (MultiPlanar Reconstruction), or
VRT (Volume Rendering Technique) (Fig. 7). All the
images should be saved, including the original
images, the subtracted images, and the MIP images.
Although this consumes quite a large amount of
disk memory space, the original images are often
quite useful, especially if the subtraction mask was
improperly timed or if the patient moved during
the acquisition. Since automatic Inline subtraction
and MIP are done, always verify that the MIP
orientation coincides with the imaging slab
orientation.

Figure 7: High Spatial Resolution exam in the arterial phase demonstrates occlusion of distal aorta, iliac arteries, and
femoral arteries, with abdominal wall collaterals reconstituting the distal femorals. High resolution Images may be
viewed with MIP, MPR, or VRT with full rotation due to isotropic data sets.
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Non-Breath-Hold Protocols should be used for
imaging of stationary anatomies such as the head,
neck, arms, and legs. An appropriate scan delay
should be used to eliminate excessive measurements
while waiting for the contrast to arrive at the target
vessels. This scan delay should be adjusted to ensure
that the first measurement is completed before

contrast arrives at the target vessel (Fig. 8). For
example, when imaging the head the first measurement must be completed before contrast arrives at
the carotids, or when imaging the legs the first
measurement must be completed before contrast
arrives at the iliacs.

Temporal Resolution:
Whole Matrix:
Prepare
Meas 1
Meas 2
Meas 3
Meas 4
Meas 5

Bolus Timing Test

Start
0.0
2.0
7.9
10.2
12.5
14.9

2.34 s
5.85 s
End
2.0
7.9
10.2
12.5
14.9
17.2

Time to Center
7.3
9.6
11.9
14.3
16.6

Bolus Arrival Time

End of 1st
Measurement

B B B B A B A B A B A B A B A B A B A B A B A B A B A
M3
M6
M7
M8
M9
M4
M5
M1
M2
M10 M11 M12 M13

M1

inject

M2

M3

M4

M5

M6

M7

M8

M9

M10 M11

M12

start scan

Figure 8: Timing diagram for a non-breath-hold syngo TWIST measurement. The scan delay should be adjusted to
ensure that excessive measurements are eliminated while waiting for the contrast to arrive and the 1st measurement is
completed before contrast arrives. The 1st measurement has significantly longer duration than all others because it
includes multiple B segments, whereas all other measurements include only one B segment. The 1st measurement has
significantly longer duration than all others because it includes multiple B segments, whereas all other measurements
include only one B segment.
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Breath-Hold Protocols should be used for imaging
of moving anatomies such as the thorax and abdomen. The injection, scan start, and breath-hold
maneuver are coordinated to ensure that the data
acquisition and breath-hold occur during the active
part of contrast enhancement in the target vessels,
and also to ensure that the first measurement is
included within the breath-hold and is completed
before contrast arrives. When imaging the pulmonary arteries and lungs the first measurement must
be completed before contrast arrives at the right
atrium. When imaging the aorta, carotids and subclavians the first measurement must be completed
before contrast arrives at the left atrium.

contrast as soon as the 1st measurement is completed
while watching the measurement counter on the
lower task bar (Fig. 9). Although this ensures that
the first measurement never contains contrast, it
will likely result in a lengthy breath-hold duration
and too many unnecessary measurements acquired
prior to contrast arrival. Hyperventilation is often
used to extend the patient’s breath-hold duration.

For optimal results the patient’s lung volume must
be consistent in the first measurement (subtraction
mask) and all remaining measurements to minimize
subtraction mis-registration artifacts and image blurring. There are at least two methods to accomplish
this. The simplest method is to start the scan and
the breath-hold at the same time, then inject the
g

An alternate method is to use 2 separate breathholds with a pause of 15-20 seconds between the
1st and 2nd measurements. The 1st measurement is
acquired during the 1st breath-hold, the contrast
injection is started at the beginning of the pause,
and all remaining measurements are acquired during
the 2nd breath-hold (Fig. 10). There are fewer wasted
measurements prior to contrast arrival and two
shorter breath-holds. This method works great
if the patient is able to obtain a consistent lung
volume for both breath-holds, but is not particularly
effective if the patient is inconsistent or uncooperative.
Figure 9: Timing diagram for a breath-hold syngo TWIST
measurement. In this method the scan and the breath-hold
are started at the same time, then the contrast is injected
as soon as the 1st measurement is completed. This ensures
that the 1st measurement never contains contrast, but may
result in extended breath-hold duration. The 1st measurement has significantly longer duration than all others
because it includes multiple B segments, whereas all other
measurements include only one B segment.
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Figure 10: Timing diagram for a breath-hold syngo TWIST
measurement. In this method two separate breath-holds
are performed with a pause of 15-20 seconds between
the 1st and 2nd measurements. The 1st measurement is
acquired during the 1st breath-hold, the contrast injection
is started at the beginning of the pause, and all remaining
measurements are acquired during the 2nd breath-hold.
This ensures that the 1st measurement never contains
contrast, but requires consistent lung volumes for both
breath-holds. The 1st measurement has significantly longer
duration than all others because it includes multiple B
segments, whereas all other measurements include only
one B segment.

Bolus Timing Test

Bolus Arrival Time

End of 1st
Measurement

M1

start scan
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M2
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Section 4. Pitfalls
syngo TWIST imaging allows a faster update rate of
the center k-space region A, hence the “temporal
resolution” is improved. However, the peripheral kspace data will be acquired over a longer time period.
The time period necessary to acquire all k-space data
required to reconstruct an image is referred to as
the “temporal footprint”. The temporal footprint of

A1

B4

A2

temporal resolution

B1

A3

B2

each measurement in a syngo TWIST series is the
entire time period over which data are collected to
completely fill k-space for that measurement. For
example, in figure 11, a sampling density of 25% is
chosen, and the temporal footprint spans over 4 B-,
and 3 A-trajectories.

A4

B3

A5

B4

A6

B1

temporal footprint

Figure 11: The temporal footprint of each measurement is the entire time period over which data are collected to completely fill all trajectories in region B of k-space. For a given measurement, if the target vessel contains no contrast agent
during the early part of the temporal footprint but does contain contrast agent during the later part, then diminished
signal in the vessel will result. However, if the target vessel contains contrast agent during the early part of the temporal
footprint but is empty of contrast agent during the later part, then edge-enhancement artifacts will result.
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It is important to remember that the contrast concentration within the vessel of interest should be
sufficiently high throughout the temporal footprint
window to obtain optimal image quality. If the contrast concentration is not high enough throughout
the temporal footprint window, the depiction of
vascular structures will not be optimal. This is particularly noticeable during the arrival of the contrast
bolus in the region of interest (Fig. 12). Although
the corresponding A segment is acquired when
the arteries are filled with contrast agent and there
is high signal in the arteries, not all of the
B-trajectories which contribute to the image are

filled with contrast, yet. Only a few phases later all
of the B-trajectories were acquired during the
presence of contrast, thus producing high signal
intensity of all peripheral k-space data. The specific
design of the syngo TWIST trajectories ensures that
spatial resolution information is provided even with
only one B trajectory. However, the overall vessel
contrast will be affected when the contrast bolus
length at the vessel of interest is significantly
shorter than the temporal footprint of the syngo
TWIST protocol.

Figure 12: A series of syngo TWIST images acquired during arrival of a contrast bolus. The temporal resolution is 1.8 sec,
but the temporal footprint is 6.5 sec. As a result, the image reconstructed at 8.8 sec shows less vessel contrast than
the following image at 10.6 sec when more of the peripheral B trajectories were acquired with contrast-filled arteries.

Not for Distribution in the US.

13

Section 4. Pitfalls

Alternatively, edge enhancement artifacts may
occur in the vessels during the washout phase of the
contrast agent if the temporal footprint in a syngo
TWIST acquisition is set too long. In figure 11, edge
detail in the 5th measurement (A5) comes from
segments B1, B2, B3, and B4 because they represent
the outer periphery of k-space. If contrast washes
out of the vessel immediately prior to A5 then
segments B1 through B3 contain edge information,
but A5 and B4 do not. This results in enhancement
of the edges of the arterial vessel reconstructed for
the 5th measurement (Fig. 13). Increasing the size

of region A and/or the sampling density of region B
will shorten the temporal footprint, but will (unfortunately) lengthen the temporal resolution. The goal
is to find a reasonable balance between these two
conflicting requirements.

Figure 13: Edge enhancement artifact resulting from the temporal footprint of the syngo TWIST measurement.
The contrast bolus has already washed out of the aorta, but signal from earlier B trajectories will still contribute to
the reconstructed image, resulting in edge enhancement. Increasing the size of region A and/or the sampling
density of region B will shorten the temporal footprint, but will (unfortunately) lengthen the temporal resolution.
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When performing multi-phase contrast-enhanced
MR angiography it is critical that the first measurement which is used as a subtraction mask should
contain no contrast agent within the vessels of interest, and all subsequent measurements should contain contrast agent within the vessels of interest.
This will provide the intended results whereby the
subtracted MIP images demonstrate bright signal in
the vessels of interest. If contrast agent is present in
the vessels of interest during acquisition of the first
measurement, these vessels will contain a dark void
rather than the desired bright signal in the subtract-

ed image (Fig. 14). Use either an educated guess or
a test bolus to ensure that the contrast agent arrives
at the target vessels no earlier than the Time to
Center of the second measurement (or later). Note,
this same type of artifact will occur if phase-wrap
(aliasing) overlaps the vessels.

Figure 14: If contrast agent is present in the vessels of interest during acquisition of the first measurement, these vessels
will contain a dark void rather than the desired bright signal in the subtracted image. The first image is a MIP of the first
measurement, which was used as the subtraction mask. The second image is a MIP of the second measurement – note
that the aorta contains contrast during both measurements. The third image is the result of subtracting the first image
from the second image – note that the aorta is black rather than white.
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Section 5. Contrast Agent
Gadolinium-based contrast agents are widely available, although not FDA-approved in the United
States of America for use in cardiovascular MR imaging. This represents “off-label” use of such contrast
agents and is considered for investigational purposes
only. Siemens does not recommend, endorse,
or support the routine clinical use of gadoliniumbased contrast agents for use in cardiovascular
MR imaging in the United States of America.
Conventional contrast-enhanced MR angiography
techniques typically use a bolus injection of gadolinium-based contrast agent at a dose of 0.1 mmol/kg
with a delivery rate of 2-3 ml/sec. This works well
with conventional methods because they acquire
a very high spatial resolution 3D dataset over a
relatively long time frame (15-25 sec). The bolus
injection and the scan are carefully timed such that
the central lines of k-space are acquired when the
contrast agent is delivered with peak concentration
to the target vessel.

With such lowered doses it might become challenging just to deliver adequate volume, and thus some
users have begun to dilute the concentrations of the
commercially-available agents. Although often used
for adults, dilution might be particularly useful in
pediatric patients where the required doses without
dilution might be only 1-2 ml and therefore the
injection times might be less than 1 sec. Based on
initial clinical results, for imaging at 1.5 Tesla the
concentration of contrast agent can be diluted to
about 50% (1/2 contrast + 1/2 saline). For imaging at
3.0 Tesla, with its inherently higher SNR, the concentration of contrast agent can be diluted to about
33% (1/3 contrast + 2/3 saline), and still maintain
good image quality. However, more clinical studies
are required to verify those findings, and use as a
standard for time-resolved MRA with syngo TWIST.
Thus, all contrast recommendations in this document are for non-diluted doses.

More recently, clinical studies using syngo TWIST
at UCLA have shown that the concentration of the
contrast agent can be reduced significantly without
affecting the results of the syngo TWIST measurements (Proceeding ISMRM, Toronto 2008). syngo
TWIST allows the dose of gadolinium-based contrast
agent to be reduced by a factor of 2-4 times lower,
which provides:
• Reduced likelihood of NSF disease
• Reduced supply costs
• Reduced susceptibility artifacts at higher field
strength
Contrast doses and injection rates depend upon
whether the emphasis is on temporal or spatial resolution. Doses for test bolus protocols are the smallest
(1-2 ml), high temporal resolution protocols slightly
larger (5-6 ml), and high spatial resolution protocols
even larger (8-10 ml). Injection rates for both test
bolus protocols and high resolution protocols are
similar (1-2 ml/sec), whereas injection rates for high
temporal resolution protocols are slightly higher
(2-3 ml/sec).

16
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Section 6. User Interface
The syngo TWIST sequence uses many parameters
similar to the standard FL3D_CE sequence. Spatial
resolution, bandwidth, parallel imaging, gradient
speed, and RF pulses are chosen like in a regular
contrast-enhanced MRA sequence. A typical compromise in time-resolved MRA is to reduce the slice
resolution in an effort to improve the temporal resolution.
Unlike the standard FL3D_CE sequence, syngo TWIST
allows temporal interpolation among the “subtracted
MIP” images to improve the “perceived” motion of
the blood flow. For example, with Temporal
Interpolation factor 2 there are twice as many “subtracted MIP” frames reconstructed as were actually
acquired, and thus the “virtual” temporal resolution
is twice the “measured” temporal resolution in the
subtracted MIP data set. Although this may be bene-

ficial for improving the perceived motion of the
blood flow in moderate to high temporal resolution
techniques, it is not recommended for low temporal
resolution (multi-phase) techniques due to the
extreme flow differences among successive frames.
syngo TWIST acquisition parameters are on the
Angio Common taskcard (Fig. 15), whereas Inline
post-processing parameters are on the Angio Inline
taskcard (Fig. 16).

Float the cursor over TA to see the measurement times!

Figure 15: syngo TWIST acquisition parameters are located on the Angio Common taskcard. These include the size of
region A, the sampling density of region B, the number of measurements, the time-to-center of k-space, and the virtual
temporal resolution. As the temporal interpolation factor increases, the resulting virtual temporal resolution decreases.
“Pause after measurement 1” may be used in a breath-hold protocol to allow the patient to take several breaths between
the pre-contrast subtraction mask (meas 1) and the remaining post-contrast measurements.
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Figure 16: syngo TWIST Inline post-processing parameters are located on the Angio Inline taskcard. These include
automatic subtraction, saving the original un-subtracted images, setting a scaling factor and offset for the
subtracted images, specifying the subtrahend (usually the first measurement) and number of measurements,
specifying the orientation of the automatic MIP, and saving the original un-MIP’d images.

Temporal Resolution:
Whole Matrix:
Prepare
Meas 1
Meas 2
Meas 3
Meas 4
Meas 5

Start (s)
0.0
2.0
7.9
10.2
12.5
14.9

2.34 s
5.85 s
End (s)
2.0
7.9
10.2
12.5
14.9
17.2

Time to Center (s)
7.3
9.6
11.9
14.3
16.6

Figure 17: This table of measurement times pops up when
the cursor is floated over the Acquisition Time (TA)
parameter on the Angio Common taskcard.
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Central region A

Size of region A in % of the total area.

Sampling density B

Sampling density in region B. 100% corresponds to full
k-space sampling (no acceleration), 0% is equivalent to
keyhole imaging.

Temporal interpolation

A number > 1 will produce interpolated images in the
MIP series to create a smoother transition from frame to
frame. Note: the interpolated source images are not
stored in the data base.

Virtual temporal resolution

Time between individual frames in the reconstructed
MIP series.

Dynamic Recon Mode

In Forward the B regions contributing to the image are
acquired before A region. In Backward the B regions contributing to the image are acquired after the A region.

View Sharing

A parameter to define the trajectory of k-space points for
image reconstruction.

Time-to-center

Time delay from the start of data acquisition to the
center line of k-space.

Burn Time-to-center

If activated, a time-stamp will be visualized in the image
data to allow easy timing information from within the
GSP card. Used in test bolus protocol.

Measurements

Number of measurements to be scanned
(same as in contrast card).

Flip angle

RF flip angle (same as in contrast card).

Figure 18: Definition of parameters on the Angio Common taskcard.

Not for Distribution in the US.
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Appendix 1. Clinically Optimized Protocols
These protocols have been clinically optimized and
organized by the number of available RF channels
and corresponding PAT factors, clinical applications,
and spatial and temporal needs. No distinction was
made between 1.5T and 3T – whatever works well at
1.5T should work even better at 3T. Slight modifications may be needed to accommodate the reduced
FOV for short-bore magnets. All protocols are packaged into a single edx file – after conversion and import simply delete the unwanted ones. All contrast
injection protocols are based on the standard use
of contrast agents as recommended by the manufacturer, although initial clinical studies have shown
that a reduction of the contrast concentration may
work quite well for syngo TWIST. Please, send
experiences with specific acquisition protocols
and injection protocols to the authors of this
applications guide for continued improvements
of syngo TWIST imaging methods.
Mail to gary.mcneal@siemens.com
Number of available RF channels:
• 08 channels – PAT 2
• 18 / 32 channels – PAT 3
Clinical applications:
• Head
• Carotid
• Thorax
• Abdomen
• Thigh
• Calf
• Hand
Spatial and temporal needs:
• Test Bolus
• High temporal resolution
• High spatial resolution
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Appendix 1. Clinically Optimized Protocols

HEAD / TEST BOLUS

7sec

20.0 sec

10sec

13sec

16sec

21.0 sec

Parameter

22.0 sec

08 RF channels

3.0 sec / 1.0 sec

Spatial Resolution

1.0 x 1.0 x 7.0 mm

Orientation / Measurements

Sagittal / 60

FOV / Slab Thickness

200 x 400 / 98 mm

Matrix / Slices

192 x 384 / 14

PAT / Coil Matrix

Timing

Not for Distribution in the US.

23.0 sec

15 % / 20 %

Whole Matrix / Temporal Resolution

Contrast / Flush

22sec

18 / 32 RF channels

A / B regions

Coils

19sec

syngo GRAPPA 2 / Dual
HE1-4

HE1-4, NE1-2

2 ml @ 1.5 ml/sec / 20 ml @ 1.5 ml/sec
Start contrast and scan together.
No breath-hold needed.
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HEAD / HIGH TEMPORAL RESOLUTION

20.0 sec

21.5 sec

Parameter

23.0 sec

08 RF channels

18 / 32 RF channels

A / B regions
Whole Matrix / Temporal Resolution

15 % / 25 %
4.6 sec / 1.7 sec

Spatial Resolution
Orientation / Measurements

Coronal / 25

Contrast / Flush
Timing

22

Coronal / 30
247 x 330 / 96 mm

Matrix / Slices

Coils

3.5 sec / 1.3 sec
1.2 x 1.0 x 3.0 mm

FOV / Slab Thickness

PAT / Coil Matrix

24.5 sec

206 x 320 / 32
syngo GRAPPA 2 / Dual

syngo GRAPPA 3 / Triple

HE1-4

HE1-4, NE1-2

5 ml @ 2 ml/sec / 20 ml @ 2 ml/sec
Scan delay = test bolus arrival time at carotid artery –
end of 1st measurement. No breath-hold needed.

Not for Distribution in the US.
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HEAD / HIGH SPATIAL RESOLUTION

Cor

Cor +22.5o

Parameter

Cor +45o

Cor +67.5o

08 RF channels

18 / 32 RF channels

A / B regions
Whole Matrix / Temporal Resolution

15 % / 25 %
7.5 sec / 2.7 sec

Spatial Resolution
Orientation / Measurements

Coronal / 15

Contrast / Flush
Timing

Not for Distribution in the US.

Coronal / 20
179 x 260 / 60 mm

Matrix / Slices

Coils

5.3 sec / 2.1 sec
1.0 x 1.0 x 1.0 mm

FOV / Slab Thickness

PAT / Coil Matrix

Cor +90 o

176 x 256 / 60
syngo GRAPPA 2 / Dual

syngo GRAPPA 3 / Triple

HE1-4

HE1-4, NE1-2

8 ml @ 1.5 ml/sec / 20 ml @ 1.5 ml/sec
Scan delay = test bolus arrival time at carotid artery –
end of 1st measurement. No breath-hold needed.
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CAROTID / TEST BOLUS

15.0 sec

16.0 sec

Parameter

17.0 sec

18.0 sec

08 RF channels

15 % / 20 %

Whole Matrix / Temporal Resolution

3.0 sec / 1.0 sec

Spatial Resolution

1.0 x 1.0 x 7.0 mm

Orientation / Measurements

Sagittal / 60

FOV / Slab Thickness

200 x 400 / 98 mm

Matrix / Slices

Coils
Contrast / Flush
Timing

24

20.0 sec

18 / 32 RF channels

A / B regions

PAT / Coil Matrix

19.0 sec

192 x 384 / 14
syngo GRAPPA 2 / Dual
BO1, SP1, NE1-2

BO1, SP1, NE1-2, HE3-4

2 ml @ 1.5 ml/sec / 20 ml @ 1.5 ml/sec
Start contrast, scan, and breath-hold together.

Not for Distribution in the US.
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CAROTID / HIGH TEMPORAL RESOLUTION

10.0 sec

11.8 sec

Parameter

13.6 sec

15.4 sec

08 RF channels

18 / 32 RF channels

A / B regions
Whole Matrix / Temporal Resolution

15 % / 25 %
5.2 sec / 1.9 sec

Spatial Resolution
Orientation / Measurements

Coronal / 20

Contrast / Flush
Timing

Not for Distribution in the US.

Coronal / 30
315 x 360 / 96 mm

Matrix / Slices

Coils

3.9 sec / 1.4 sec
1.3 x 1.1 x 3.0 mm

FOV / Slab Thickness

PAT / Coil Matrix

17.2 sec

240 x 320 / 32
syngo GRAPPA 2 / Dual

syngo GRAPPA 3 / Triple

BO1, SP1, NE1-2

BO1, SP1, NE1-2, HE3-4

5 ml @ 2 ml/sec / 20 ml @ 2 ml/sec
Start scan and breath-hold together.
Start contrast at end of 1st measurement.
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CAROTID / HIGH SPATIAL RESOLUTION

Cor -30o

Parameter

Cor -15o

08 RF channels

15 % / 25 %
12.3 sec / 4.4 sec

Spatial Resolution
Orientation / Measurements

Coronal / 10

Contrast / Flush
Timing
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Coronal / 15
260 x 260 / 60 mm

Matrix / Slices

Coils

8.9 sec / 3.2 sec
1.0 x 1.0 x 1.0 mm

FOV / Slab Thickness

PAT / Coil Matrix

Cor +30o

18 / 32 RF channels

A / B regions
Whole Matrix / Temporal Resolution

Cor +15o

Cor

256 x 256 / 60
syngo GRAPPA 2 / Dual

syngo GRAPPA 3 / Triple

BO1, SP1, NE1-2

BO1, SP1, NE1-2, HE3-4

8 ml @ 1.5 ml/sec / 20 ml @ 1.5 ml/sec
Start scan and breath-hold together.
Start contrast at end of 1st measurement.

Not for Distribution in the US.
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THORAX / TEST BOLUS

10.0 sec

11.8 sec

Parameter

13.6 sec

08 RF channels

15 % / 20 %

Whole Matrix / Temporal Resolution

3.0 sec / 1.0 sec

Spatial Resolution

1.3 x 1.3 x 7.0 mm

Orientation / Measurements

Sagittal / 60

FOV / Slab Thickness

240 x 480 / 98 mm

Matrix / Slices

192 x 384 / 14

PAT / Coil Matrix

Contrast / Flush
Timing

Not for Distribution in the US.

17.2 sec

18 / 32 RF channels

A / B regions

Coils

15.4 sec

syngo GRAPPA 2 / Dual
BO1-2, SP1-2

BO1-2, SP1-3

2 ml @ 2 ml/sec / 20 ml @ 2 ml/sec
Start contrast, scan, and breath-hold together.
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THORAX / HIGH TEMPORAL RESOLUTION

12.0 sec

14.0 sec

Parameter

16.0 sec

08 RF channels

18 / 32 RF channels

A / B regions
Whole Matrix / Temporal Resolution

15 % / 25 %
5.5 sec / 2.0 sec

Spatial Resolution
Orientation / Measurements

Coronal / 30

Contrast / Flush
Timing
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Coronal / 40
360 x 480 / 120 mm

Matrix / Slices

Coils

4.1 sec / 1.5 sec
1.5 x 1.3 x 3.0 mm

FOV / Slab Thickness

PAT / Coil Matrix

18.0 sec

245 x 384 / 40
syngo GRAPPA 2 / Dual

syngo GRAPPA 3 / Triple

BO1-2, SP1-2

BO1-2, SP1-3

6 ml @ 3 ml/sec / 20 ml @ 3 ml/sec
Start scan and breath-hold together.
Start contrast at end of 1st measurement.

Not for Distribution in the US.
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THORAX / HIGH SPATIAL RESOLUTION

Cor -30o

Parameter

Cor -15o

08 RF channels

18 / 32 RF channels

A / B regions
Whole Matrix / Temporal Resolution

15 % / 25 %
7.6 sec / 2.8 sec

Spatial Resolution
Orientation / Measurements

Coronal / 20

Contrast / Flush
Timing

Not for Distribution in the US.

Coronal / 30
345 x 460 / 84 mm

Matrix / Slices

Coils

5.7 sec / 2.1 sec
1.4 x 1.4 x 1.4 mm

FOV / Slab Thickness

PAT / Coil Matrix

Cor +15o

Cor

240 x 320 / 60
syngo GRAPPA 2 / Dual

syngo GRAPPA 3 / Triple

BO1-2, SP1-2

BO1-2, SP1-3

8 ml @ 2 ml/sec / 20 ml @ 2 ml/sec
Start scan and breath-hold together.
Start contrast at end of 1st measurement.
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ABDOMEN / TEST BOLUS

15.0 sec

16.0 sec

Parameter

17.0 sec

08 RF channels

18 / 32 RF channels

A / B regions

15 % / 20 %

Whole Matrix / Temporal Resolution

3.1 sec / 1.0 sec

Spatial Resolution

1.3 x 1.3 x 7.0 mm

Orientation / Measurements

Sagittal / 60

FOV / Slab Thickness

240 x 480 / 98 mm

Matrix / Slices

192 x 384 / 14

PAT / Coil Matrix
Coils
Contrast / Flush
Timing

30

18.0 sec

syngo GRAPPA 2 / Dual
BO1-2, SP3-4

BO1-2, SP2-4

2 ml @ 2 ml/sec / 20 ml @ 2 ml/sec
Start contrast, scan, and breath-hold together.

Not for Distribution in the US.
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ABDOMEN / HIGH TEMPORAL RESOLUTION

16.0 sec

18.0 sec

Parameter

20.0 sec

22.0 sec

08 RF channels

18 / 32 RF channels

A / B regions
Whole Matrix / Temporal Resolution

15 % / 25 %
5.5 sec / 2.0 sec

Spatial Resolution
Orientation / Measurements

Coronal / 30

Contrast / Flush
Timing

Not for Distribution in the US.

Coronal / 40
360 x 480 / 120 mm

Matrix / Slices

Coils

4.1 sec / 1.5 sec
1.5 x 1.3 x 3.0 mm

FOV / Slab Thickness

PAT / Coil Matrix

24.0 sec

245 x 384 / 40
syngo GRAPPA 2 / Dual

syngo GRAPPA 3 / Triple

BO1-2, SP3-4

BO1-2, SP2-4

6 ml @ 3 ml/sec / 20 ml @ 3 ml/sec
Start scan and breath-hold together.
Start contrast at end of 1st measurement.
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ABDOMEN / HIGH TEMPORAL RESOLUTION

Cor -20o

Cor +20o

Cor

Parameter

Cor +40o

08 RF channels

18 / 32 RF channels

A / B regions
Whole Matrix / Temporal Resolution

15 % / 25 %
7.6 sec / 2.8 sec

Spatial Resolution
Orientation / Measurements

1.4 x 1.4 x 1.4 mm
Coronal / 20

FOV / Slab Thickness

Coils
Contrast / Flush
Timing
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Coronal / 30
345 x 460 / 84 mm

Matrix / Slices
PAT / Coil Matrix

5.7 sec / 2.1 sec

240 x 320 / 60
syngo GRAPPA 2 / Dual

syngo GRAPPA 3 / Triple

BO1-2, SP3-4

BO1-2, SP2-4

8 ml @ 2 ml/sec / 20 ml @ 2 ml/sec
Start scan and breath-hold together.
Start contrast at end of 1st measurement.

Not for Distribution in the US.
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THIGH / TEST BOLUS

15.0 sec

Parameter

16.6 sec

18.2 sec

08 RF channels

18 / 32 RF channels

A / B regions

15 % / 20 %

Whole Matrix / Temporal Resolution

5.8 sec / 1.9 sec

Spatial Resolution

1.3 x 1.3 x 4.0 mm

Orientation / Measurements

Coronal / 40

FOV / Slab Thickness

406 x 500 / 96 mm

Matrix / Slices

312 x 384 / 24

PAT / Coil Matrix
Coils
Contrast / Flush
Timing

Not for Distribution in the US.

19.8 sec

syngo GRAPPA 2 / Dual
PL3-4, PR3-4

BO2, SP4, PL3-4, PR3-4

2 ml @ 1 ml/sec / 20 ml @ 1 ml/sec
Start contrast and scan together. No breath-hold needed.
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THIGH / HIGH TEMPORAL RESOLUTION

15.0 sec
12sec

14sec

Parameter

17.7 sec

16sec

20.4 sec
18sec

08 RF channels

18 / 32 RF channels

A / B regions
Whole Matrix / Temporal Resolution

15 % / 25 %
8.3 sec / 3.0 sec

Spatial Resolution
Orientation / Measurements

Coronal / 25

Contrast / Flush
Timing
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Coronal / 35
406 x 500 / 96 mm

Matrix / Slices

Coils

5.9 sec / 2.1 sec
1.1 x 1.1 x 3.0 mm

FOV / Slab Thickness

PAT / Coil Matrix

23.1 sec
20sec

364 x 448 / 32
syngo GRAPPA 2 / Dual

syngo GRAPPA 3 / Triple

PL3-4, PR3-4

BO2, SP4, PL3-4, PR3-4

6 ml @ 2 ml/sec / 20 ml @ 2 ml/sec
Scan delay = test bolus arrival time at iliac artery –
end of 1st measurement. No breath-hold needed.

Not for Distribution in the US.
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THIGH / HIGH SPATIAL RESOLUTION

Cor

Parameter

Cor -30o

Cor -60o

08 RF channels

18 / 32 RF channels

A / B regions
Whole Matrix / Temporal Resolution

15 % / 25 %
18.5 sec / 6.7 sec

Spatial Resolution
Orientation / Measurements

Coronal / 10

Contrast / Flush
Timing

Not for Distribution in the US.

Coronal / 15
406 x 500 / 96 mm

Matrix / Slices

Coils

13.3 sec / 4.8 sec
1.0 x 1.0 x 1.0 mm

FOV / Slab Thickness

PAT / Coil Matrix

Cor -90o

364 x 448 / 32
syngo GRAPPA 2 / Dual

syngo GRAPPA 3 / Triple

PL3-4, PR3-4

BO2, SP4, PL3-4, PR3-4

8 ml @ 1 ml/sec / 20 ml @ 1 ml/sec
Scan delay = test bolus arrival time at iliac artery –
end of 1st measurement. No breath-hold needed.
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CALF / TEST BOLUS

20.0 sec

21.6 sec

Parameter

23.2 sec

08 RF channels

15 % / 20 %

Whole Matrix / Temporal Resolution

5.4 sec / 1.7 sec

Spatial Resolution

1.3 x 1.3 x 4.0 mm

Orientation / Measurements

Coronal / 50

FOV / Slab Thickness

375 x 500 / 96 mm

Matrix / Slices

288 x 384 / 24

PAT / Coil Matrix

Contrast / Flush
Timing

36

26.4 sec

18 / 32 RF channels

A / B regions

Coils

24.8 sec

syngo GRAPPA 2 / Dual
PL1-2, PR1-2

PL1-3, PR1-3

2 ml @ 1 ml/sec / 20 ml @ 1 ml/sec
Start contrast and scan together. No breath-hold needed.

Not for Distribution in the US.
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CALF / HIGH TEMPORAL RESOLUTION

20.0 sec

22.7 sec

2sec

4sec

Parameter

25.4 sec

28.1 sec

6sec

8sec

08 RF channels

15 % / 25 %
7.7 sec / 2.8 sec

Spatial Resolution
Orientation / Measurements

Coronal / 30

Contrast / Flush
Timing

Not for Distribution in the US.

Coronal / 40
375 x 500 / 96 mm

Matrix / Slices

Coils

5.5 sec / 2.0 sec
1.1 x 1.1 x 3.0 mm

FOV / Slab Thickness

PAT / Coil Matrix

10sec

18 / 32 RF channels

A / B regions
Whole Matrix / Temporal Resolution

30.8 sec

336 x 448 / 32
syngo GRAPPA 2 / Dual

syngo GRAPPA 3 / Triple

PL1-2, PR1-2

PL1-3, PR1-3

6 ml @ 1.5 ml/sec / 20 ml @ 1.5 ml/sec
Scan delay = test bolus arrival time at femoral artery –
end of 1st measurement. No breath-hold needed.
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CALF / HIGH SPATIAL RESOLUTION

C -60o

C -40o

C -20o

Parameter

Cor

C +20o

08 RF channels

15 % / 25 %
17.2 sec / 6.2 sec

Spatial Resolution
Orientation / Measurements

Coronal / 10

Contrast / Flush
Timing

38

Coronal / 18
352 x 450 / 72 mm

Matrix / Slices

Coils

12.5 sec / 4.5 sec
1.0 x 1.0 x 1.0 mm

FOV / Slab Thickness

PAT / Coil Matrix

C +60o

18 / 32 RF channels

A / B regions
Whole Matrix / Temporal Resolution

C +40o

350 x 448 / 72
syngo GRAPPA 2 / Dual

syngo GRAPPA 3 / Triple

PL1-2, PR1-2

PL1-3, PR1-3

8 ml @ 1 ml/sec / 20 ml @ 1 ml/sec
Scan delay = test bolus arrival time at femoral artery –
end of 1st measurement. No breath-hold needed.

Not for Distribution in the US.
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HAND / TEST BOLUS

30.0 sec

31.0 sec

Parameter

32.0 sec

08 RF channels

15 % / 20 %

Whole Matrix / Temporal Resolution

3.1 sec / 1.0 sec

Spatial Resolution

1.2 x 1.2 x 4.0 mm

Orientation / Measurements

Coronal / 60

FOV / Slab Thickness

150 x 300 / 56 mm

Matrix / Slices

128 x 256 / 14

PAT / Coil Matrix

Contrast / Flush
Timing

Not for Distribution in the US.

34.0 sec

18 / 32 RF channels

A / B regions

Coils

33.0 sec

syngo GRAPPA 2 / Dual
KN

KN

2 ml @ 1 ml/sec / 20 ml @ 1 ml/sec
Start contrast and scan together. No breath-hold needed.
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HAND / HIGH TEMPORAL RESOLUTION

30.0 sec

32.0 sec

Parameter

34.0 sec

36.0 sec

08 RF channels

18 / 32 RF channels

A / B regions
Whole Matrix / Temporal Resolution

15 % / 25 %
4.2 sec / 1.5 sec

Spatial Resolution
Orientation / Measurements

Coronal / 40

Coronal / 40
165 x 220 / 50 mm

Matrix / Slices

144 x 192 / 20
syngo GRAPPA 2 / Dual

syngo GRAPPA 3 / Triple

Coils

KN

KN

Contrast / Flush

6 ml @ 1.5 ml/sec / 20 ml @ 1.5 ml/sec

Timing

40

5.5 sec / 2.0 sec
1.1 x 1.1 x 2.5 mm

FOV / Slab Thickness

PAT / Coil Matrix

38.0 sec

Scan delay = test bolus arrival time at radial artery –
end of 1st measurement. No breath-hold needed.

Not for Distribution in the US.
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HAND / HIGH SPATIAL RESOLUTION

HAND / HIGH SPATIAL RESOLUTION

Cor

Cor +30o

Parameter

Cor +60o

Cor +90o

08 RF channels

15 % / 25 %
8.2 sec / 3.0 sec

Spatial Resolution
Orientation / Measurements

Coronal / 20

Contrast / Flush
Timing

Not for Distribution in the US.

Coronal / 30
165 x 220 / 50 mm

Matrix / Slices

Coils

6.5 sec / 2.4 sec
1.0 x 1.0 x 1.0 mm

FOV / Slab Thickness

PAT / Coil Matrix

Cor +150o

18 / 32 RF channels

A / B regions
Whole Matrix / Temporal Resolution

Cor +120o

144 x 192 / 20
syngo GRAPPA 2 / Dual

syngo GRAPPA 3 / Triple

KN

KN

8 ml @ 1 ml/sec / 20 ml @ 1 ml/sec
Scan delay = test bolus arrival time at radial artery –
end of 1st measurement. No breath-hold needed.
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Appendix 2. syngo TWIST
Implementation Details
More than 10 years ago there were some early
reports on faster frame rates using variable k-space
sampling strategies. The main idea is that the central
k-space lines are visited more frequently than the
peripheral k-space lines (CURE*). With the central
k-space lines acquired more frequently, the images
can be updated more rapidly because the image
contrast is determined largely by the center of
k-space, whereas the periphery of k-space determines
largely the resolution of the image. This idea
suggests to split k-space into two regions
(Fig. 19).

The temporal acceleration is based on the fact that
k-space lines in A will be sampled more frequently
than k-space lines in B over the course of the complete measurement during the passage of the contrast agent. Therefore, the frame rate which is determined by the repetition of the center region A is
higher as compared to a conventional full k-space
acquisition technique (Fig. 20).

Figure 19: k-space is split into two regions:
A, which defines the main contrast in the image, and
B which contributes to the detail information in the
images. For simplicity, the readout axis kx is omitted
in this picture.

conventional temporal resolution

••

A

B

A

B

A

B

A

••

B

improved temporal resolution

••

A

B/2

A

B/2

A

B/2

A

B/2

A

B/2

A

B/2

••

Figure 20: If (A) and (B) are sampled at the conventional rate, we have conventional temporal resolution (A+B).
But , if (B) is sampled only half as frequently, we have improved temporal resolution (A + B/2) because B is shorter.

While the original CURE technique follows a random
k-space sampling strategy, specific care has been
taken in the syngo TWIST sequence to minimize any
filtering effects due to the time-varying contrast
concentration. In a first step, all k-space points are
sorted according to their radial distance in k-space
(Fig. 21).

In a second step, k-space is divided into regions
A and B such that all k-space points in region A
have a radial distance smaller, or equal to kc , and
all k-space points in B have a radial distance larger
than kc (Fig. 22).

* Continuous Update with Random Encoding (CURE): A New Strategy for Dynamic Imaging. Todd Parrish, Xiaoping Hu,
Magnetic Resonance in Medicine, MRM 33: 326-335 (1995)
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Figure 21: All k-space points are assigned a radial distance kr , and a directional angle Φ.

Figure 22: All k-space points are sorted according to kr and Φ. Kc divides k-space into region A, and B.

Not for Distribution in the US.
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The k-space trajectory within each region follows a
spiral pattern in the ky-kz plane with every trajectory
in B slightly different, depending on the undersampling factor n. The individual trajectories of B are
twisted into each other as shown in the snapshots
of k-space filling during the execution of the syngo
TWIST sequence (Fig. 23). syngo TWIST is an acronym for Time-resolved angiography With Interleaved
Stochastic Trajectories.

Figure 23: k-space representations for specific time-points of the syngo TWIST acquisition.
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For the syngo TWIST technique k-space is acquired
in the following fashion. In region A every measurement is fully sampled. In region B only the first
measurement is fully sampled, and in all remaining
measurements region B is undersampled by a factor
of n, i.e. only every nth point of the sorted list is
used for the k-space trajectories. Although the first
measurement requires the full scan time to completely fill k-space, all remaining measurements
benefit from this acceleration with improved temporal resolution (Fig. 24). The user can specify the
relative size of region A as a percentage and can

specify the relative sampling density of region B as
a percentage. Decreasing A and/or B will reduce the
time difference between two subsequent iterations
of A, thereby improving the temporal resolution.
However, the temporal footprint, which defines the
entire time period over which data are collected
to completely fill k-space, will increase as either A or
B decreases. The goal of optimizing A and B is to
sufficiently reduce the temporal resolution without
overly increasing the temporal footprint. Images
are reconstructed at each region A using nearby
region B in a very specific order (Fig. 25).

temporal footprint 4th measurement
(14 sec)

B11

B21

B31

B41

A1

B12

A2

B22

scan time 1st measurement
(10 sec)

A3

B32

A4

B42

temporal resolution
(4 sec)

Figure 24: Ai represents the ith trajectory in region A, and Bi represents the ith trajectory in region B. In this example, the
size of region A is set to 20% of k-space and is fully sampled each time. Region B represents the remaining 80% of k-space
and is set to 25% sampling density for each trajectory, thus there are four different trajectories in region B. In this example, the scan time of the full matrix for the 1st measurement is 10 seconds (A+4B). The temporal resolution of each subsequent measurement is 4 seconds (A+B). The temporal footprint of each subsequent measurement is 14 seconds (3A+4B).

B11

B21

B31

B41

A1

B12

A2

B22

A3

B32

A4

B42

Image #1: B21 B31 B41 A1 B12
Image #2: B31 B41 B12 A2 B22
Image #3: B41 B12 B22 A3 B32
Image #4: B12 B22 B32 A4 B42
Figure 25: Images are reconstructed at each region A using nearby regions B a very specific order. For each region A,
the immediately following region B and several preceding regions B are used. The more sparsely region B is sampled, the
more preceding regions B that are used in each reconstruction.
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Appendix 2. syngo TWIST Implementation Details

Since the relative sizes of regions A and B determine
the temporal resolution and temporal footprint of
each reconstructed image, how can one determine
appropriate values for these parameters? The following equations describe the effects of changing A
and B.
• Scan time of full matrix for 1st measurement = (To)
• Temporal resolution for all other measurements =
(To) * (A + B - AB)
• Temporal footprint for all other measurements =
(To) * (1 + A/B – 2A)
For example, if To = 10 seconds, A = 20%,
and B = 25%:
• Scan time of 1st measurement = 10 sec
• Temporal resolution = (10 sec) *
(0.20 + 0.25 – 0.05) = 4 sec
• Temporal footprint = (10 sec) *
(1 + 0.8 – 0.4) = 14 sec

A / B (%) Acceleration

Temporal
Resolution (%)

In general, lower values of temporal resolution and
footprint are more desirable. The best possible
temporal resolution (lowest value) occurs when both
A and B are minimum (5 %), and as either A or B
increases the temporal resolution gets worse (higher
values). The best possible temporal footprint (lowest
value) occurs when B is maximum (50 %), and as B
decreases or A increases the temporal footprint gets
worse (higher values). So, how does one decide
which values of A and B are optimal for a particular
clinical application? Reasonable compromises
between temporal resolution and temporal footprint
generally occur for lower values of A (15-20 %) and
intermediate values of B (25-35 %).
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Figure 26: Commonly used values of A and B, with their corresponding
values of acceleration, temporal resolution, and temporal footprint
expressed as a percentage of the full matrix measurement time
(measurement #1).
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For high temporal resolution applications, in which
the temporal footprint is less problematic, one
may wish to use slightly lower B values to achieve
shorter temporal resolution. For high spatial resolution applications, in which the temporal footprint
is problematic, one may wish to use slightly higher
B values to achieve shorter temporal footprint.
PAT acceleration should be used for all syngo TWIST
applications to further speed up the measurements.
The only constraining factor is the number of available RF channels. For 8-channel systems the use of
GRAPPA 2 with dual matrix mode is recommended,
whereas for 18 or 32-channel systems the use
of GRAPPA 3 with triple matrix mode allows one to
achieve even shorter measurement times. If SNR
proves to be insufficient with GRAPPA 3, simply
reduce to GRAPPA 2 and take the slightly longer
measurement times.

Installation Requirements
Hardware: Siemens MAGNETOM with Tim package.
• MAGNETOM Symphony, A Tim System
• MAGNETOM Trio, A Tim System
• MAGNETOM Espree
• MAGNETOM Avanto
• MAGNETOM Verio
Software: syngo MR B15 with syngo TWIST license,
also available for B13 with 16 GB memory upgrade.
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