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Optimized Strategies for 19F MRI of Human Lungs and Comparison of UTE and Gradient Echo Imaging 
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Introduction: Fluorine-19 (19F) magnetic resonance imaging (MRI) of the lungs using inhaled inert fluorinated gases can potentially provide high quality images of the 
lungs that are similar in quality to hyperpolarized (HP) noble gas MRI. Inert fluorinated gases have the advantages of being nontoxic, abundant, and inexpensive 
compared to HP gases. Due to the high gyromagnetic ratio of 19F, there is sufficient thermally polarized signal for imaging, and averaging within a single breath-hold is 
possible due to short longitudinal relaxation times. Therefore, the gases do not need to be hyperpolarized prior to their use in MRI. This eliminates the need for an 
expensive polarizer and expensive isotopes. Inert fluorinated gas MRI of the lungs has been previously demonstrated in animals (1), and more recently in healthy 
volunteers (2) and subjects with lung diseases (3). Since the image quality reported thus far has been lower than what can currently be achieved using HP noble gas 
MRI, the purpose of this study was to investigate and optimize image acquisition strategies for 19F 3D MR imaging of inert fluorinated gases. In this study, ultra-short 
echo time (UTE) and gradient echo images of inert fluorinated gases were obtained in both a resolution phantom and in the lungs of healthy volunteers, and the image 
quality was compared.              
Methods: All imaging was performed using a 3.0T Philips Achieva scanner and a flexible wrap-around quadrature transmit/receive coil tuned to the 19F resonance 
frequency of 120.15 MHz (Clinical MR Solutions). A hollow resolution phantom was filled with 100% sulphur hexafluoride (SF6) and placed inside the coil. The 
resolution phantom had five circular obstructions with various diameters of 19, 10, 6.5, 5 and 3 mm. UTE, gradient echo, and radial images were acquired with the 
following settings: TR = 20 ms, matrix = 128x128, 7 slices, in-plane FOV = 200x200 mm2, in-plane resolution = 1.56 mm, 15 mm thickness, flip angle = 90°, and BW 
= 140 or 200 Hz/pixel. The TE for each case is shown in Table 1. Both gradient echo and radial imaging used the same partial echo factor of 62.5%. The number of 
averages was set to yield similar scan durations for each acquisition: UTE images used 12 averages, gradient echo images used 49 averages, and radial images used 24 
averages. Five healthy volunteers (4 female, 1 male, mean age = 30±15 years) were enrolled in this study with no previous history of lung disease. This study protocol 
was approved by the local ethics review board and by the appropriate governmental agencies. All subjects provided written informed consent prior to their participation 
in this study. The 19F coil was actively proton (1H) blocked to allow for 1H imaging while the subject was lying in the 19F coil. 2D multi-slice gradient echo 1H images 
were used as reference scans for planning 3D 19F images. Static breath-hold 19F UTE and gradient echo images were acquired following continuous breathing from a 5L 
bag of a mixture of 79% perfluoropropane (PFP) and 21% O2, followed by a 1L inhalation of the PFP/O2 mixture from a separate bag, and subsequent 15 second breath-
hold. 19F 3D UTE imaging used the following settings: TR/TE = 20/0.2 ms, matrix = 64x64, 12 slices, in-plane FOV = 450x450 mm2, 15 mm thickness, flip angle = 
70°, 75% radial sampling density, and BW = 140 or 200 Hz/pixel. 19F 3D gradient echo images were acquired with the following settings: TR/TE = 27/1.12 ms, matrix 
= 64x64, 12 slices, in-plane FOV = 450x450 mm2, 15 mm thickness, flip angle = 70°, 2 averages and BW = 200 Hz/pixel.  
Results and Discussion: Figure 1 shows one slice from a 
19F 3D gradient echo, 19F 3D UTE, and 19F 3D radial 
image acquired at bandwidths of 140 and 200 Hz/pixel. 
Table 1 shows the signal-to-noise ratio (SNR) for the 
resolution phantom images shown in Figure 1. In order to 
make a fair comparison, the SNR was normalized by the 
square root of the scan duration. SF6 was chosen for 
phantom imaging, since its T2

* was measured to be 1.2 ms, 
which is close to the T2

* of 2.2 ms for PFP in human lungs 
(2). (PFP had a T2

* of 5.1 ms in the resolution phantom.) 
As expected, UTE had the highest SNR, compared to 
gradient echo and radial imaging. Radial imaging was 
performed to provide a point of reference that had the 
same k-space sampling as UTE, and also had a TE similar 
to gradient echo imaging. The UTE image SNR also 
benefits from a lower bandwidth, at the expense of 
increased image blurring due to the short T2

* and long 
acquisition window. Gradient echo images at a bandwidth 
of 200 Hz/pixel had the highest resolving power, as all 
five circular obstructions were visible (as small as 3 mm in 
diameter). UTE images had a lower resolving power, as 
only four circular obstructions were visible at 140 and 200 
Hz/pixel (as small as 5 mm in diameter). Figure 2 shows a 
comparison of four central slices from the 1H localizer, 19F 3D UTE, and 19F 3D gradient echo lung images acquired in subject #3 during the same imaging session. 
Each 3D image was acquired during a separate 15 second breath-hold of the PFP/O2 mixture, and imaging parameters were adjusted to keep the scan duration to within 
that breath-hold. In subject #3, the SNR in the center slices was 37±4 for UTE, and 29±6 for gradient echo images. Table 2 shows the SNR for UTE and gradient echo 
images obtained from all 5 subjects. Similar to the phantom measurements, the SNR from UTE lung images was significantly higher than gradient echo lung images (p 
= 0.02, by a two-tailed, paired t-test). The difference in TE alone should theoretically lead to a 52% larger SNR in UTE images (assuming a T2

* of 2.2 ms for PFP in the 
lungs). However, UTE images suffer from substantial blurring due to the short T2

* of PFP in combination with a long acquisition window at a bandwidth of 140 
Hz/pixel. 
Conclusion: Overall, UTE lung images had a high SNR, but also had poor edge definition and low resolution. On the other hand, gradient echo images had a lower 
SNR than UTE, but showed more edge detail and higher resolution. This preliminary study demonstrates the potential of 19F MRI for visualizing the distribution of 
ventilation in human lungs, and this may be a viable clinical imaging modality that can provide useful information for the diagnosis of chronic respiratory diseases.  
References: [1] Kuethe DO et al, (1998) Magn Reson Med, 39:85–88. [2] Couch MJ et al, (2013) 
Radiology, doi:10.1148/radiol.13130609. [3] Halaweish AF et al, (2013) Chest, 144(4):1300-1310. Table 2: Human Lung Imaging. Mean SNR (±standard 

deviation) from all available 19F 3D UTE and 3D gradient 
echo images that were acquired in the coronal plane. 
Subject 

# 
UTE (140 
Hz/pixel) 

UTE (200 
Hz/pixel) 

Gradient Echo 
(200 Hz/pixel) 

1 10 ± 2 8.6 ± 2 5.84 ± 0.05 
2 40 ± 3 - 28 ± 1 
3 37 ± 4 - 29 ± 6 
4 26 ± 2 16.3 ± 0.8 22.9 ± 0.3 
5 18 ± 2 12 ± 1 14 ± 2 

Table 1: Resolution Phantom Measurements. Mean SNR (±standard deviation) and TE from 
all 19F 3D UTE, 3D gradient echo, and 3D radial phantom images. The SNR was normalized 
by the square root of the scan duration. 

Bandwidth 
(Hz/pixel) 

TE (ms) SNR 

UTE Gradient 
Echo 

Radial UTE Gradient 
Echo 

Radial 

140 0.13 1.63 1.51 11.2±0.6 5.7±0.3 4.1±0.2 
200 0.14 1.36 1.25 7.9±0.3 5.7±0.6 4.2±0.2 

Figure 1: SF6 resolution 
phantom images obtained using 
(a) gradient echo, (b) UTE and 
(c) radial acquisitions. 

Figure 2: Comparison of four central slices from (a) 1H 
localizer, (b) 19F 3D UTE and (c) 19F 3D gradient echo lung 
images from one subject breathing the PFP/O2 mixture. 
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