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ABSTRACT METHODS & MATERIALS RESULTS DISCUSSION

Based on equation (4), £ was calculated from a 12-patient test dataset, yielding a
mean value of £k = 0.45. Using equation (5), the modified LSF was
then determined for a 64-patient verification dataset. The results show that:

Purpose: A modified lung shunt fraction (LSF) based on conventional 2D
planar imaging data was proposed. This modified LSF reduces 2D
overestimation errors and yields results closer to those from 3D SPECT
images. Cq

In our study, 3D Lung Shunt Fraction (LSF3) from attenuation corrected
SPECT 1mages was treated as gold standard method and 1s given by:

The present study demonstrates that planar imaging consistently
yields higher LSF values than SPECT/CT. We propose a method to
estimate LSF from planar imaging data, in which the system- and

LSF; = (1) (1) across all patients, the average difference between LSF: and LSFs was 3.0%, patient-dependent factor k18 empirically determined from a test
. 0 o
Methods and Results: The 3D LSF from attenuation-corrected SPECT C1+(z compared to 1.2% for L3Fn vs. LSFs; dataset. This factor typically ranges from 0.3 to 1.0, with £ =1
images is treated as the gold standard. A modified LSF based on 2D planar _ o , o correspondine to no attenuation difference between lune and liver
imaging data was derived, incorporating attenuation and scatter correction where C; 1s the total activity counts from lungs, C, is the total activity counts - <o : . . L [esp g - g
) ] o . ) - i (2) for LSF: = 5%, the differences were 6.6% and 1.6%, respectively; and regions In this study k= 0.45 was the mean value obtained

through a correction factor k, which depends on the planar imaging system from liver. In routine clinical practice, LSF from a 2D planar image is given ' ’ ' '
and the patient. The factor £ 1s typically in the range of 0.35-0.5. by: : : :
Results indicate that using the modified LSF instead of the 2D LSF (3) for LSF> > 10%, the differences were 10.1% and 1.9%, respectively. U Fesulis S}.IOW t i }.th LS.F VELLES BT G aSS(.)Clat.ed Zi
reduces overestimation errors, especially at higher lung shunt fractions. Gy large overestimation bias, which can lead to overestimation of lung

LSF, = G1+Go (2) These results demonstrate that replacing LSF> with the modified LSF reduces dose based on planar imaging and may exceed safety thresholds
Conclusion: We propose a method to determine a corrected LSF from 2D overestimation errors, particularly at higher lung shunt fractions, and yields results (30 Gy for a single treatment or 50 Gy cumulative).

more closely aligned with SPECT/CT.

planar images, termed the modified LSF. Results show it reduces
overestimation and produces values closer to 3D SPECT/CT (gold
standard), particularly in cases with high LSF.

where G, and G, are the geometric mean of the counts on the anterior and

In addition to attenuation and buildup effects, several factors may
The Lung Shunt Fraction based on 2D, 3D, and modified 2D contribute to discrepancies between planar imaging and
SPECT/CT. Overlap of the liver and lung bases in anterior and
posterior projections can introduce liver activity into lung ROIs,
increasing planar LSF. Scatter from 99mTc-MAA activity, despite
collimation, may also cause liver-originating counts to be recorded
in lung ROIs.

. . : = _ _ —ud;
posterior 2D planar images and are given by G; \/Ilanteriorllposteriore i

when anterior and posterior 2D planar images were used for LSF estimation,
LSF, can also be described as following:

INTRODUCTION

Selective internal radiation therapy using Yttrium-90 (Y90)—labeled
microspheres (Y90 radioembolization) 1s widely used to treat primary
hepatocellular carcinoma (HCC) and metastatic liver tumors. A major LSF, = = (3)
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toxicity risk 1s radiation-induced pneumonitis and sclerosis due to 171 202 1 2

hepatopulmonary shunting of Y90 microspheres.

where B; and B, are the buildup factors due to Compton scatter, d; and d, are This study 1s limited by its retrospective design and small sample

S - - - - —ud —ud AR e} N0 A Y 1A i | ize. Further studies with | ient coh d
Before treatment, lung shunting is estimated using 99mTc- the patient’s effect thicknesses in lungs and liver regions, e "#%*1and e "#%2 are eh o LR S nEandhs i) size. Further studies with larger patient cohorts are warranted.
macroaggregated albumin (99mTc-MAA) to simulate Y90 distribution. the attenuation factors in lungs and liver regions, k = (B,/ Bl)e—ﬂ(dz—dﬂ/ 2 s Patient ID
Tl}e lung shunt fl‘acti.on (LSF:), defined as t¥1e fraction of . a planar imaging system and patient dependent factor. In our study, first, X was Figure 1: The results of LSF based on planar images LSF,, based on SPECT LSF3, C
microspheres bypassing the liver and entering the lungs, is used to . . and modified LSE,, and LSF; for all 76 cases. ONCLUSIONS

o : : .. determined by using a group of test data set of LSF, and LSF5:
assess eligibility and determine a therapeutic yet safe radiation dose.
[t 1s calculated from anterior and posterior 2D planar images using the 20.0 : :
geometric mean of counts from liI\)/er and lung fegions of ignterest ?ROI). — LSFax(1-1LSF3) (4) 8.0 The Difference of Lung Shynt Fractions This study Proposes method to determn.le a corrected LS from
LSF3x(1-LSF5) e e o ” 2D planar 1images, referred to as the modified LSF.
SPECT/CT can alternatively assess particle distribution, providing 3D o . . . ii'_) 120 lts d hat thi h red : :
visualization and CT-based attenuation and scatter correction. However, After determining the k value, the modified LSF i1s calculated by using LSF,, § o0 Results demonstrate that this approac . Ire uce.s OvereStlmat.lon
planar imaging can significantly overestimate LSF compared with from a verification data set: S o errors and produces values more consistent with those obtained
SPECT/CT. Reducing these errors can improve treatment planning £ A from 3D SPECT/CT, the gold standard, particularly in cases with
while maintaining lung dose within safe limits. LSF. — kxLSF> ( 5) O AN B : oo ad € ° | hlgh lung shunt fractions, where overestimation 1s most
m — 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75
1+(k—1)XLSF, Patient ID pronounced.

This study proposes a modified LSF derived from 2D planar
imaging that reduces overestimation and yields results closer to
SPECT/CT, which is widely considered the gold standard.

Figure 2: The comparison of the difference between LSF, and LSF5, and the
difference between modified LSF,, and LSF; for all 76 cases.

Finally, these modified LSE,, were alll%llx‘ézed and compared with the traditional
2 .
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