
Fig. 1 a Maximum intensity projection 
of human calf skin in vivo at isotropic 
nominal spatial resolution of (80 µm)³.
b SNR profile for single scan (red) 
and for the averaged image after 
coregistration of 3 datasets (blue) 

b 

Sub-nanoliter microscopic MR imaging of the human skin in vivo using a 12 mm superconducting surface coil at 1.5 Tesla 
 

E. Laistler1,2, M. Poirier-Quinot2, J-C. Ginefri2, S. Lambert2, R-M. Dubuisson2, E. Boriasse2, E. Moser1, and L. Darrasse2 
1MR Centre of Excellence, Medical University of Vienna, Vienna, Austria, 2U2R2M CNRS UMR8081, Université Paris Sud, Orsay, France 

 

Introduction 
Investigating the pertinent structures in the human skin may serve to identify inflammatory vessel pathologies 
such as vasculitis, provide detailed structural information about skin tumors or show ageing effects of the skin. 
Microscopic imaging with MRI offers a non-invasive way to depict these small anatomical structures. Especially 
for the detection of microvasculature, very small, isotropic voxels are needed, because the vessels’ orientation is 
not known a priori [1]. In order to achieve sufficient SNR at reasonable scan times, high coil sensitivity is 
demanded. High temperature superconducting (HTS) surface coils [2, 3] combine good geometric coupling to 
the sample as well as ultra-low coil noise. This allows, in combination with strong gradients, voxel volumes 
considerably below 1 nl even at a moderate field strength of 1.5 T. 

Materials and Methods 
Measurements were performed on a 1.5 T Philips Achieva scanner using a HTS surface coil made of YbaCuO 
[4] with a mean diameter of 13 mm fixed in a dedicated cryogenic device. The coil consists of 2 spiral-shaped 
windings of YbaCuO deposited on both sides of a sapphire wafer. The cryostat is filled with liquid nitrogen, 
cooling the coil via a cold finger. Due to the good thermal isolation, the coil can be as close as 2 mm from the 
sample. The excitation pulse is transmitted by inductive coupling of the HTS coil with the body coil, 
concentrating the B1-field near the HTS coil in consequence. This has to be accounted for in the choice of the 
flip angle on the console. The left side of a healthy volunteer’s (f) right calf was used for imaging. Three 3D GE 
sequences with the following parameters were acquired: TR/TE = 38/9.9 ms, FOV = (10 mm)³, MA = 
124x124x125, read-out bandwidth = 71.9 Hz/pixel yielding 9 min 52 s per scan and  an isotropic resolution of 
(80 µm)³ corresponding to a voxel volume of 0,51 nl. Due to the short T2 value of the dermis, minimum TE was 
used to obtain sufficient signal. The flip angle was set at the Ernst angle optimized for the dermis/hypodermis 
border. The three datasets were realigned using SPM8b (The Wellcome Trust Center for Neuroimaging, UCL, 
U.K.) and averaged. Maximum intensity projections were computed and an SNR profile was calculated as the 
mean signal intensity over each plane parallel to the skin surface divided by the standard deviation of the noise, 
measured in the volume outside of the skin. 

Results  
The unloaded quality factor of the HTS coil was measured to be Q~40000 outside the magnetic field and 
Q~2500 in the magnetic field, charged by the calf, the deterioration is due to normal conducting flux vortices that 
penetrate the HTSC material at field strengths higher than the first critical field Hc1 and losses due to the charge 
of the sample. Fig. 1a shows a maximum intensity projection (MIP) of the realigned and averaged dataset, 
below the corresponding intensity profile is plotted in Fig. 1b. The calculated average SNR gain of 69.2% by 
averaging of the three data sets is in good agreement with the theoretical value of 73.2% (=√3-1). An average 
SNR of 23/15/20 for the epidermis, dermis, and the superficial part of the hypodermis was found. The 
thicknesses of the epidermis and the dermis are measured to be 100 and 900 µm, respectively. Small vessels 
with diameters ~80 µm can be observed in the deep vascular plexus at the interface between dermis and 
hypodermis. Fig. 2 shows five characteristic slices in the skin. 

Conclusions, Discussion, and Perspectives 
Our HT superconducting surface coil offers sufficient sensitivity to depict the human calf skin in vivo with voxel volumes of 0,51 nl at a spatial resolution 
of (80 µm)³ on a 1.5 T scanner. To our knowledge, such a high spatial resolution has not been achieved on human skin in vivo so far. Further analysis of 
the data will be done using [5] to separate water and fat which helps to identify vessels in the hypodermal fat. After segmentation, statistics of the 
geometric properties of the vessel tree might deliver useful parameters to identify vascular pathologies. The main drawback of the technique is the rather 
complex handling of the cryostat. This problem will be alleviated by the use of another, more flexible cryostat that is currently in test, and which is based 
on the flow of cold gaseous Helium instead of liquid Nitrogen. Another limitation is the small field of view that can be imaged with such a small surface 
coil. Therefore a HTSC coil array is in development, enlarging the FOV in the directions parallel to the skin surface and increasing penetration depth. To 
this end electromagnetic simulations are needed to find suiting coil geometries [6] yielding correct resonance frequencies and decoupling conditions. 
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Fig. 2 5 slices parallel to the skin surface, FOV = (10x10) mm, nominal resolution = (80 µm)³. a Epidermis: �hair channels and surface structure of skin 
b Hair roots and �hair (black lines) c Deep vascular plexus: �small vessels at interface of dermis and hypodermis d Vessels and fasciae between fat 
lobules in hypodermis e �Larger vessel (d~1.2 mm) in hypodermis f position of a-e marked as blue lines. 
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