
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

A Robust Cryogenic RF Coil (88K) for In-vivo Hyperpolarized 13C MRI of Rats

Sanchez, Juan Diego; Baron, Rafael Antonio; Hansen,  Esben S. Szocska ; Johansen, Daniel Højrup;
Zhurbenko, Vitaliy; Laustsen, Christoffer; Ardenkjær-Larsen, Jan Henrik

Publication date:
2019

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Sanchez, J. D., Baron, R. A., Hansen, E. S. S., Johansen, D. H., Zhurbenko, V., Laustsen, C., & Ardenkjær-
Larsen, J. H. (2019). A Robust Cryogenic RF Coil (88K) for In-vivo Hyperpolarized 

13
C MRI of Rats. Abstract

from ISMRM 27th Annual Meeting & Exhibition, Montréal, Quebec, Canada.

https://orbit.dtu.dk/en/publications/6398f9d4-0396-45cd-96c7-a028542ede1b


0434

A Robust Cryogenic RF Coil (88K) for In-vivo Hyperpolarized 13C MRI of Rats

Juan Diego Sánchez Heredia , Rafael Baron , Esben S. Szocska Hansen , Daniel H. Johansen , Vitaliy Zhurbenko ,

Christoffer Laustsen , and Jan H. Ardenkjær-Larsen

Department of Electrical Engineering, Technical University of Denmark (DTU), Kgs. Lyngby, Denmark, MR Research Centre, Department of Clinical

Medicine, Aarhus University, Aarhus, Denmark

Synopsis
We report the performance of a cryogenic RF receive-only coil for C imaging of small animals. It is experimentally demonstrated 2-fold SNR

improvement in comparison to a room temperature coil in immediate vicinity of the sample. The self-developed cryostat employed for coil

cooling shows thermal stability within 5 h of use for 6 L of LN , which can be extended up to 12 h if more LN  is added. The Q /Q  ratio of

the unloaded coil is 550/285.

Introduction
Cryogenically cooled coils can be the means to improve SNR in MRI at low frequency and/or very small samples . However, the practical benefit of

cryogenic coils in-vivo can be limited due to the increase in coil-to-sample distance, and the potential lack of robustness and flexibility of the cooling

system. In this work, we show a liquid nitrogen (LN ) based cryogenic RF coil setup, where both the coil and the preamplifier are cooled (to 88K and 77K

respectively). The coil-to-sample distance is 3 mm, and the stable working time of the system is about 5 h for an amount of 6 L of LN . The coil can be

cycled from cold to warm (and vice versa) in a robust and repeatable way. The theoretically predicted 2.6-fold SNR improvement (ΔSNR =

√(Q ·290)/√(Q ·88)) was confirmed in MRI experiments, comparing to an identical setup at room temperature (with a similar coil-to-sample distance).

A more fair comparison to a similar coil placed as close as possible to the sample, showed an almost 2-fold SNR improvement, proving that cryogenic

surface coils can be truly beneficial for C rat experiments at 3T.

Materials and Methods

An MRI-transparent cryostat (Fig. 1a) made of fiberglass is used to cool a 30x40 mm copper RF coil (Fig. 1b) and the preamplifier (WMA32C, WantCom,

Chanhassen, USA) with LN , using a vacuum jacket to provide thermal insulation as described in . Molecular sieves (activated charcoal, and sodium

aluminum silicate) are added inside the vacuum chamber, and in contact with the cold walls to improve the vacuum performance. The cooling procedure of

the cryostat was done in steps as follows:

1- Cryostat pressure evacuation below 10  mbar (prior to cooling).

2- Start of the cooling process: filling of the cooling circuit with 6 L of LN .

3- Cooling period: after 45 min, the cryostat can be disconnected from the vacuum pump.

4- The cryogenic RF coil is now cold and stable.

In order to characterize the operational performance of the cryogenic coil, several parameters were monitored during a whole usage cycle of 20 h

(temperature at the sample position, cryostat pressure, coil Q-factor, and resonance frequency). Using the same cooling procedure described above, MR

experiments were performed on a spherical (38 mm diameter) C-enriched bicarbonate. A CSI sequence (16x16 acquired points, TR=75ms, FOV= 80

mm x 80 mm x 10 mm) was used, and the SNR was measured and compared to an identical surface coil at room temperature. Two measurements with

the room temperature surface coil were made: one with a coil-to-sample distance of 3 mm (to replicate the setup of the cryocoil), and one with a coil-to-

sample distance of 0 mm (to replicate a real-use condition). Finally, a measurement using a volume birdcage coil was done as reference, in order to

determine what is the maximum depth where the use of the cryogenic surface coil is beneficial.

Results and Discussion

The measured thermal performance of the cryostat and electrical performance of the cryocoil are shown in Fig. 2, over a whole use cycle (up to 20 h). The

SNR obtained with the cryocoil is shown in Fig. 3 and compared to the reference cases described above. Finally the SNR across the center axis of the

phantom is shown in Fig. 4. The measured results show that after 45 min of cooling the cryogenic coil reaches a stable usable regime in terms of Q-factor

and resonance frequency with only minimal variations for the next 5 h. The pressure remains below 10  mbar (threshold for thermal insulation) up to 12

hours after the beginning of cooling, providing a relatively warm temperature at the sample position (over 10° C). This shows the good performance of the

molecular sieves to keep vacuum low, when the whole setup is not connected to a vacuum pump (as it is the case during MR scanning). The temperature

at the animal position can be easily increased to room temperature, by flowing warm (50° C) air through the bore, as it is done routinely in any case for in-

vivo experiments .

Conclusion
Cryogenic surface coils can provide a significant SNR improvement for C MRI at 3T of small animals. A cryogenic copper coil setup is reported with a

coil-to-sample distance of 3 mm, which can provide a 2-fold SNR improvement compared to a similar coil at room temperature (coil-to-sample of 0 mm).

We report excellent thermal stability of the coil for 5 h (for 6 L of LN ), which can be extended up to 12 h by adding more LN . This result opens the

possibility of developing highly sensitive cryogenic RF coil arrays for small animal C MRI.
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Figures

Figure 1. A) Cryogenic coil setup, including the separate C transmit coil. B) Detail of the receive-only cryogenic coil, mounted on the ceramic cold-finger.

The final temperature of the coil is 88K.

Figure 2. Measured performance of the cryogenic coil over a typical (6 liters of LN ) usage cycle. After 45 min of cooling, the coil is fully cold and stable,

and can be disconnected from the vacuum pump and place inside the MRI scanner. The thermal insulation last for the next 12 h, after which the cryostat

vacuum needs to be rebuilt.

Figure 3. Measured SNR over the entire FOV (80x80x10 mm) for the different coil setups: a) Room temperature surface coil placed at 3 mm from the

sample, b) Room temperature surface coil placed as close as possible to the phantom, c) Cryogenic surface coil, and d) Room temperature volume coil.

The two different surface coils used at 290 K and 88 K are identical in size and shape.

Figure 4. Measured SNR across the centred axial line of the phantom, for the different coil setups.
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