Human Regional Pulmonary Gas Exchange with Xenon Polarization Transfer (XTC)
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Introduction Single-breath
XTC technique [1], an
optimized version of XTC
developed by Ruppert et.al.
[2], is applied to human
subjects. The potential of the
method is tested in both

normal subjects and mmw. 39 mmSW- 25 Mma 377/?- 30 1

asymptomatic smokers. The . L e . . . o

latter were chosen as a erou Fig.1 Coronal GRE projection images of the lungs and spatial distribution map of F(t). (a) was acquired before applying of the 180°s, (b) — after
. - gr( P applying of the 180°s at -205ppm, and image (c) — after the ones at + 205ppm. The decay from a to b is due to T, and RF pulses, and from b to ¢ -

people with possible early due to gas transport. F(t) maps at 47% TLC (d) and 63% TLC (e). The data is from a healthy non-smoker. <F(62ms)>=1.7% (47% TLC) and 1.3%

changes in the lungs, but (63% TLC). As expected, the mean F(t) decreases with lung volume increase, and Sx/Vg,s becomes more homogeneous; f - apex to base distribution
whose PFT and spirometry of F(62.1ms): red - ~47% TLC (a); blue — ~63% TLC (e). Data strongly suggest that at lower lung volumes there is a “memory” of gravitational
tests were within a norm. effects in the lungs, even though the data are collected on a supine subject. At higher lung volumes this effect is washed out, and the distribution is
High production rates of more homogeneous.

hyperpolarized xenon : ™ o e mws ! - i u iSt6 o w17 x s
coupled with polarization levels comparable to those achieved with 2 cme T ML A ouss m e —noremokers
*He, made it possible to use XTC on human subjects. In addition they p ;

ensured high signal to noise ratios in the images and improved the e 0

F(62.1ms), %
F(62.1 ms), %

accuracy of gas exchange measurements. In XTC, 3 GRE projection
images (Si, Sy, S3) are acquired with multiple 180° spectrally selective

pulses applied at -205ppm between S, and S, at +205ppm between S, 0s
and Ss. Then fractional gas transport b e e om0 e ow e e e e e o
LV/TLC
_ N 573571 is calculated, where ratio (S,/S,) o 459

F(t exch )=1- S, S RRF 40% 4 1S a5 o KS13,42% © HS6,46% o HSI6,47% TLC A HSIS,40% TLC © HSI7,44% TIC

2 2 : HS18,39% X HS20,42% average 40% o HS21,44% TLC average non-smoker X HS19,42% TLC
accounts for the signal decay due to T; and RF depletion, Rgy — for the e S "?"5% e
difference in flip angles in 1* two images compared to the 3, and Nis . *** Apex Base _w+i, Apex 9%DDDDD —ove Base
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Methods All experiments were performed on a GE Signa Profile IV £ 20%1 o0 o ] M‘,ééxxxxx.xgx.aﬁgﬁ € o W
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MRI magnet (0.2T) interfaced with a broadband Tecmag Apollo 15% ﬁz‘;ﬁgﬁ‘;zMzAiixh SR . ++++j+++*++ ",
(Houston, TX) research console. A Mirtech, Inc (Brockton, MA) Lo% tond L mmee®® = " =
whole body transmit/receive coil (Q=300) was used for all studies. 0% 05%
'2Xe was hyperpolarized on site using a polarizer developed and built oon - - - ovst - - .
at the UNH [3]. All experiments were in compliance with local IRB ' Lung Dimensions,em Lung Dimensions,em
and FDA IND approved PrOtOCOIS,' .Flve h.ealthy non-smokers and Figure 2. <F(t)> vs. LV/TLC; and apex-base distribution of F(t). a: <F(t)> from all healthy non-
seven asymptomatic smokers participated in the study. For each smokers is in good agreement within the error. b: data from the smokers — <F(t)> is higher for most
subject, two lung volumes were chosen: ~45 and ~65% of TLC. Lower of them. Red line in both graphs is a trend-line, corresponding to the non-smokers. Apex-base
lung volume experiments were performed at least twice for the distribution of fractional gas transport for non-smokers (¢) and asymptomatic smokers (d). Data from
majority of the subjects to test repeatability. All but one healthy non-smokers are in great agreement, except the one from HS4, who shows a steeper gradient.
subject underwent spirometry and PFT, to measure their lung volumes, This discrepancy might be due to age differences in the subjects (55 vs. 25-35). As for the smokers,
DLCO and FEV1 there is no common trend. The red line in both graphs represents the average apex-base trend from

TC i ; - -smokers.
Results XTC is a powerful technique capable of delivering non-SMOKers
© DLD — Linear (DLCD)

information on regional lung characteristics. Fig.1 shows sample images from XTC-MRI o
(a-c), F(t) maps at 45 and 65% TLC (d-e) and their apex-base distribution (f). In a model
of pulmonary parenchyma where alveoli are characterized as roughly spherical, with a
uniformly distributed characteristic linear dimension r, the lung’s gas volume (V) ~r°
while the surface area (S,) ~r°. This implies the surface area density per gas volume,
Sa/Vaus~1/r, and hence decreases with lung volume. With XTC we observed such
behavior - <F(t)> decreased with the increase of the lung volume for all subjects (fig.1(d-
e), fig.2(a-b)). Fig.7(c—d) shows apex-to-base plots at lower lung volumes. As evident
from fig.7(c), there is a common trend in the apex-base distribution for the non-smokers.
The smokers’ data do not show a common behavior (fig.7(d)). Fig.8 compares XTC MRI
to DLCO (a) and FEV1 (b). Here we plot DLCO (a), FEV1 (b), <F(t)> (c) and its ¢
heterogeneity G pnys. (d) vs. smoking history. In fig.8(c), at O pack years we have <F(t)> # RS
averaged over all non-smokers. : %/ 2
Discussion Despite the limited statistics a noticeable trend appears in the non-smokers'
apex-base distribution, which is not the case with the smokers' data. One possible reason 5
could be that early changes in the lungs do not necessarily follow an identical path in all
subjects. Moreover, the dependences of <F(t)> and Ggpnys. On the smoking history are in D P v w w w5 » x
marked contrast to the failure of DLCO and FEV, to detect any changes in normal or packyears Smoking History, pack years
asymptomatic smokers. This is strong evidence that XTC is more sensitive to early Figure 3. Comparison of XTC with PFT (DLCO) and spirometry (FEV1). a:
changes in the lungs compared with these commonly used tests. However, a larger study DLCO vs. smoking history; b: FEV1 vs. smoking history; ¢: <F(t)> vs. smoking
population in both groups will be necessary to confirm these preliminary results. history; d: Phys. heterogeneity vs. smoking history.

Acknowledgements This work was supported by NIH RO1 HL073632

References [1] Patz et.al.,14™Annual ISMRM, Seattle,p.192(2006). [2]Ruppert etal., MRM 51:676-687(2004); [3]Ruset et.al,Phys.Rev.Lett.96,053002(2006).

A FEVL — Linear (FEVI)

DLCO, mL/ min/ mm Hg
@ °o
°
°
[

_
<

pack years pack years

3s 0 ~459%TIC 4 ~65%TC © ~45% ~65% Linear (~ 65 %) —— Linear (- 45%)
— Poly.(~ 45 % TLO Poly. (~ 65 % TLO 0y

XN
°

°

:
t
Physiological Heterogeneity, %
gese
o
o

Proc. Intl. Soc. Mag. Reson. Med. 15 (2007) 454



