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Introduction
With its superb ability to detect, characterize, and differen-
tiate focal lesions in the liver, magnetic resonance imaging 
(MRI) has become the gold standard and problem-solving 
modality in diagnostic abdominal imaging. Despite its  
indisputable clinical value, however, MRI is not as robust 
and reliable as other modalities, e.g., CT scans. This is 
mainly due to breathing-induced motion during the 
time-consuming data sampling process and the long  
scan time of 25–30 minutes. 

Triggered and breath-hold acquisitions
Different strategies to minimize the susceptibility to arti- 
facts have been developed over the last decades. The most 
routinely used ones are: (multiple-)breath-hold acquisi-
tions; prospectively and retrospectively triggered acquisi-
tions where only data in specific states of the respiratory 
cycle is acquired or used for reconstruction; and data  
sampling trajectories which are inherently less susceptible 
to motion, such as radial or BLADE sampling. Each ap-
proach has certain advantages and disadvantages: With 
triggered acquisitions, the data sampling rate over time is 
low and scan times can easily exceed five minutes per ac-
quisition, particularly in patients with irregular or shallow 
breathing patterns. On the other hand, triggered acquisi-
tions do not require major compromises in spatial resolu-
tion, as data sampling does not have to be “squeezed” into 
a single or a few breath-holds. Non-Cartesian sampling 
schemes such as radial trajectories are very robust because 
they simply average out motion effects, but they may show 
image blurring and streaking artifacts. 

The advent and clinical adoption of MR acceleration 
techniques that use “intelligent” k-space subsampling  
and parallel data sampling – such as SENSE, GRAPPA,  
CAIPIRINHA, SMS, and Compressed Sensing – have  
drastically reduced breath-hold durations and data  
sampling times for most of the relevant imaging contrasts 
in abdominal MRI. However, they are only applicable  
to certain contrast weightings and sequence types. 

One of the remaining weak points of a typical, routine liver 
MRI protocol (with T2-weighted imaging, diffusion-weight-
ed imaging, T1-weighted in- and opposed-phase imaging, 
dynamic contrast-enhanced T1-weighted scanning, and 
post-contrast T1-weighted scans) is the acquisition of 
high-resolution, high-quality T2-weighted TSE images in a 
short scan time. To achieve appropriate T2-weighting, long 
TRs have to be chosen, which require several breath-holds 
or long respiratory-triggered protocols to cover multiple 
segments of the k-space and thereby achieve sufficient 
k-space sampling to reconstruct high-resolution images.
Modified segmented Cartesian sampling schemes in which
several rotated, overlapping bundles of parallel k-space
lines are acquired and combined are available from all ven-
dors (PROPELLER, MultiVane, BLADE) and have been shown
to improve robustness and SNR compared to conventional
TSE scanning. Scan times, however, remain a challenge for
both triggered and multiple-breath-hold acquisitions.

Single-shot acquisition
A more radical approach is to acquire data for a complete 
imaging slice in a single shot, as implemented in the 
half-Fourier acquisition single-shot turbo spin-echo 
(HASTE) sequence. Since data acquisition requires just  
fractions of a second, motion artifacts do not pose any 
problem. Breath-holds or synchronization with breathing 
are only required to achieve uniform slice coverage across 
the abdomen. On the downside, reading out the entire 
k-space in a single shot requires a compromise in spatial
resolution as the echo train length (which scales with
spatial resolution) makes HASTE prone to T2-decay-related
blurring and SNR reduction. Accordingly, HASTE images
are not typically considered adequate for high-resolution
T2-weighted imaging of the abdomen. They are mostly
used to provide a quick overview or to acquire “something”
in challenging cases, e.g., pediatric patients1.

1  MR scanning has not been established as safe for imaging fetuses and infants 
younger than two years of age. The responsible physician must evaluate the 
benefits of the MR examination compared to those of other imaging procedures.
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1   An 82-year-old female patient with hepatic angiomyolipoma.  
(1A) T2-weighted FS BLADE TSE and (1B) T2-weighted FS DL HASTE. Similar lesion conspicuity with significantly reduced acquisition time for 
DL HASTE, and higher SNR in the liver on DL HASTE images.

1A 1B

2   A 31-year-old female patient with focal nodular hyperplasia. 
(2A, B) T2-weighted FS BLADE TSE and (2C, D) T2-weighted FS DL HASTE. DL HASTE provides higher lesion-to-liver contrast and sharper  
lesion delineation.

2C
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3   A 49-year-old male patient with sarcoidosis nodules. 
(3A) T2-weighted FS BLADE TSE and (3B) T2-weighted FS DL HASTE. There is higher lesion conspicuity and lesion-to-liver CNR of multiple 
hypointense liver nodules on the DL HASTE images.

3A 3B

4   A 72-year-old female patient with focal nodular hyperplasia. 
(4A) T2-weighted FS BLADE TSE and (4B) T2-weighted FS DL HASTE. The lesion is not seen on the BLADE image (4A) but is individualized on 
the DL HASTE image (4B).

4A 4B

5   A 48-year-old male patient with atypical hemangioma.  
(5A) T2-weighted FS BLADE TSE and (5B) T2-weighted FS DL HASTE. The DL HASTE image shows sharper lesion conspicuity and higher  
liver SNR.

5A 5B

4 siemens-healthineers.com/magnetom-world

Clinical · Abdominal Imaging MAGNETOM Flash (79) 2/2021



Deep learning HASTE
The introduction of a novel image reconstruction method 
usually referred to as deep learning reconstruction [2, 3] 
can potentially overcome the abovementioned challenge in 
HASTE imaging (and other MR imaging problems). Instead 
of a conventional Fourier transformation of the acquired 
k-space data, a deep neural network is used to translate 
frequency information into the image domain as described 
in detail elsewhere [4]. In short, high-quality HASTE raw 
data and respective images were acquired as ground truth 
information. A neural network was then trained to “associ-
ate” down-sampled raw data (achieved by retrospectively 
removing k-space data, thereby simulating higher parallel 
imaging factors) with high-quality output images. If the 
trained network is then presented with highly undersam-
pled input data, high-quality images can be reconstructed 
while conventional reconstruction would result in artifacts 
and low SNR. The main advantages of Deep Learning 
HASTE are increased SNR, improved image contrast, and 
reduced T2 blurring by shortening the echo train with  
parallel imaging. Another advantage is the reduction in  
the specific absorption rate (SAR often presents a challenge 
in HASTE acquisitions, particularly at 3T), which allows  
substantial reductions in TR and therefore acquisition time. 

Materials and methods
At our institution, we had access to a prototypical  
implementation of the DL HASTE sequence2. All  
patients underwent a multiphase liver MRI examination  
in a clinical 1.5T MR system (MAGNETOM Avantofit,  
Siemens Healthcare, Erlangen, Germany) in supine  
position with an 18-channel body array and a 32-channel 
spine array. We used two sequences:
• Multiple-breath-hold, fat-suppressed Turbo Spin-Echo 

T2-weighted (TSE BLADE) with an average acquisition 
time of ~ 2.5 minutes

• Single-breath-hold, fat-suppressed Half-Fourier  
Acquisition Single-shot Turbo Spin-Echo T2-weighted  
sequence with deep learning reconstruction (DL HASTE), 
with an average acquisition time of ~ 18 seconds

We present a series of clinical cases which show that  
DL HASTE provides similar image quality and diagnostic  
information as the longer conventional, triggered BLADE 
acquisition, which is the clinical standard at our institution. 
These results are also in line with the published literature, 
which has reported remarkable time savings, as well as 
comparable image quality and diagnostic confidence for 
staging hepatic pathologies and characterizing hepatic  
lesions [4].

A usual and reasonable concern is that deep learning  
reconstruction may result in loss of fine structures,  
eradication of focal lesions, or hallucination of structures 
that do not exist. Therefore, it is worth mentioning that  
the reconstruction pipeline is set up in a similar way to  
clinically accepted and well-established methods, such as 
compressed sensing reconstruction: several iterations for 
image improvement are performed within clear and strict 
boundaries so as not to conflict with physical reality and 
data integrity. 

Both our cohort and the literature gave us confidence 
that the DL HASTE method is not affected by the above-
mentioned issues and provides reliable, robust, and 
high-quality image information in a single breath-hold.  
We believe the method holds great potential for saving 
valuable scan time in abdominal MRI studies and beyond.
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2  Work in progress. The application is currently under development and is not for 
sale in the U.S. and in other countries. Its future availability cannot be ensured.
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