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ABSTRACT

Purpose: The pulmonary ventilation/perfusion scan is used to detect pulmonary embolism before transplantation and to evaluate
lung function after transplantation. Pulmonary scans can be performed using two methods: 2D planar imaging and 3D SPECT. In
the case of 2D imaging, there are inherent limitations due to the overlap of anatomical lobes. Therefore, in this study, we aimed to
compare the uptake ratio results between two methods: the traditional approach using 2D images to classify the lungs into three
equal regions of interest (ROI) and the method using 3D SPECT/CT images with Siemens Syngo.via Auto Lung 3D's Auto Segment
function. Materials & Methods: From May to September 2024, the study included 30 patients (aged 63.31+15.4 years, 10 males,
20 females) who underwent both 2D planar and 3D SPECT/CT pulmonary ventilation/perfusion scans on the one day protocol.
Ventilation scans in both 2D and 3D were performed first, followed by perfusion scans in 2D and 3D. For the 2D images, rectangular
ROIs were set for both the left and right lungs in the anterior and posterior views, and the geometric mean of the counts classified
into three lobes was analyzed. For the 3D SPECT/CT images, the Auto Lung 3D function of the Siemens Syngo.via was used to
analyze the counts classified into lobes (two in the left lung, three in the right lung) divided in three dimensions. A paired t-test was
performed to compare the uptake ratio between the 2D and 3D images. Results: The uptake ratio for the left and right lungs, as
well as for each lobe of the right lung, were analyzed using the ratio (%) of the geometric mean from 2D ventilation/perfusion planar
images and the NM count (%) from 3D ventilation/perfusion scans. For the right lung (Rt. Total), the ventilation ratio was 56.8+3.2%
in the 2D and 57.0+4.2% in the 3D and the perfusion ratio was 59.5+8.9% in the 2D and 60.31+10.6% in the 3D (denoted as Lobe/V
or P/2D %/3D %). For the left lung (Lt. Total), the ventilation ratio was 43.1£3.2% in 2D and 42.9%4.2% in 3D, and the perfusion
ratio was 40.4+11.4% in 2D and 39.61+12.4% in 3D. Statistical analysis showed no statistically significant differences in uptake ratio
between 2D and 3D images for both Rt. Total and Lt. Total (P>0.05). For the right upper lobe, the ventilation ratio was 13.7+8.4%
in 2D and 21.5£3.5% in 3D, and the perfusion ratio was 15.4%£4.1% in 2D and 25.4£6.3% in 3D. For the right middle lobe, the
ventilation ratio was 31.141.2% in 2D and 8.20£6.3% in 3D, and the perfusion ratio was 32.2%7.0% in 2D and 11.1+5.4% in 3D. For
the right lower lobe, the ventilation ratio was 11.8%£6.4% in 2D and 27.3£5.6% in 3D, and the perfusion ratio was 11.9+4.5% in 2D
and 23.8+1.4% in 3D. Statistical analysis showed significant differences in uptake ratio between 2D and 3D images for all three lobes
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of the right lung (P<0.05). Conclusion: It is suggested that the 3D image analysis method, which considers anatomical structures,
could replace the traditional 2D planar image analysis method. Additionally, 3D analysis, which provides a more detailed
representation of the anatomical proportions of the lung lobes compared to the 2D method, may offer a more accurate evaluation
not only for quantitative analysis but also for visual analysis. Therefore, it is considered that using SPECT could be more beneficial
for precise evaluations.
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Fig. 1. Dual-head gamma camera was used for image acquisition(Symbia Intevo Bold, Siemens, Germany).
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Fig. 2. Technegas generator was used for lung ventilation scans(Technegas-Plus, Cyclomedica, Australia).
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B2 4|7k 28 7] (Technegas-Plus, Cyclomedica, Australia)ll 370 MBq= U3t & S 533 0|85t F835] SUAIZIT) H9
Aol A Zhatzheeke] By o] AAZEe & FAE]= Al4=E0] 1.5~2.0 keount'sec”} B wj7HA] BHESHo] S AIZIT}. o]ojA] of2)
o] G4 B = Z74(Table 1)°]] whe} 2D 7| HAS: A5t} AHHARS 7150 2 250 keounts(A:CH= 200 keounts) G342 &S5t}

Table 1. Acquisition Parameter of lung Ventilation planar scan

Ventilation planar scan
Energy peak & window 15% window centered at 140 kev
Zoom factor 1.23
Matrix 256x 256
Counts 250 kets(adult), 200 kets(child)
View [ANT/POST], [RAO/LPO], [LAO/RPO]

2) 3D 7] 7Rt

2D 27| AL F8 F o]oj A oo FAF &5 Z7(Table 2,3)01] et 3D &H7] SPECT/CTE Al34Stet. 2t view & 1024 64 views
= 180 & 3 A5 GArS EESI) SPECTSE WA 2 & T 292 285te) 3D 3H7] SPECT/CTL] A 2 2|4 AL of
2ot 2t
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Table 2. Acquisition and reconstruction Parameter of lung Ventilation SPECT

Ventilation SPECT
Energy peak & window 15 % window centered at 140 kev
Lower & Upper Scatter : 15 %
Mode Step & Shoot
Zoom factor 1
Time per view 10sec
Number of views 64
Degrees of rotation 180
Matrix 128 x 128
Iterations 8
Subsets 4
3D Gaussian FWHM 8mm
Total acquisition time 14min
Table 3. Acquisition and reconstruction Parameter of CT
CT
kVp 110
Eff mAs Care dose,40
Detector collimation 9.6mm
Rotation time 0.6 sec
Slice thickness 2mm
Increment 2mm
Pitch 1
Filter 180s
3) 2D F At
2D 9 3D 7] A FE T Te-99m MAA(Macroaggrefated Albumin) 160 MBq(“d %)) & Fo5}tal ofelie] At &5 271 (Table 4)
of whet 2D T HAFE AlYSTt At 71 2= 1000 keounts(420F= 300 keounts) G/ & 53ttt
Table 4. Acquisition Parameter of lung Perfusion planar scan
Perfusion planar scan
Energy peak & window 15 % window centered at 140 kev
Zoom factor 1.23
Matrix 256 x 256
Counts 1000 kets(adult), 300 kets(child)
View [ANT/POST], [RAO/LPO], [LAO/RPO]
4) 3D ¥5 A
2D T A5 & o]ojA] ofefje] /4t EE X7 (Table 5)0ll whe} 3D TH5F SPECT/CTE Al St 2t view B 524 64 views &
180 = 2|5t /= 537, CToll of7t 1 F-2 2]4:5)517] fisto] CT 2 P2 7] AAtllA] 12]7F A3t EP HFE CT I
2 AAFEs17] 93l 8] HArek AAlE H| e ST AR §AIske] HARHY
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Table 5. Acquisition and reconstruction Parameter of lung Perfusion SPECT

Perfusion SPECT
Energy peak & window 15 % window centered at 140 kev
Lower & Upper Scatter : 15 %
Mode Step & Shoot
Zoom factor 1
Time per view 5 sec
Number of views 64
Degrees of rotation 180
Matrix 128 x 128
Iterations 8
Subsets 4
3D Gaussian FWHM 8mm
Total acquisition time 8 min 40 sec
482N
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Fig. 3. These are 2D planar scan image. They are actual test results showing the uptake ratio and geometric mean ratio
for lung ventilation and perfusion scans. These images indicate lung ventilation scans (a) and lung perfusion scans (b).
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Fig. 4. This is Syngo.via’s Auto lung 3D Program. This image shows the process of segmenting lung lobes in 3D using CT

and SPECT images.
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Fig. 5. These are 3D SPECT/CT images. They are actual results showing uptake counts and NM counts(uptake ratio) for
lung ventilation and perfusion scans. These images indicate lung ventilation scans (a) and lung perfusion scans (b).
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58424

29 o] 9] ofefE BF 25 A A o] ROIS| 4, JJ’X'lﬁl—} 3, 54, 5t el 3719 Aol F 53
Geometric Ratio2} Auto lung 3D 7|55 ©]-8-5}0 o] 3|84 Ql L2 & J3{slo] L 2% 3¢, %29 9] 3D Ratio2] 4H& 2
S Fotal EEHAS AFESHGITE 2D 9743 3D F/doll A1) ’S—r]%% H| 105}7] £]5}0] Paired t-test S Al 345H3I T

1a

2D 7] A EJ B/de] 7I5H8at Z- Ratio(%0)2t 3D 71T AR B3] NM count(%)E ©]-§-5Ho] o] -2 A} 2}

HY T2 94, 95, Lok AL R,

27 At A 1G] F HFHE-2 2D FAdollA ol 56.8%, 3D G/l A= 57.0%0] Atk Paired t-test 23} P-value= 0.62=
2D 9733} 3D G oM Q] A3 &2 SAZH SR o5t Zol= YUATHP>0.05). T HAA 2 H 2] F H|E-2 2D FAdolA 3
0] 59.5%, 3D G/l A= 60.3%°] AT} Paired t-test A2} P-value= 0.06.2-Z 2D G2 3D GAfol Ao AHFH &2 EAZ o2 9
Sk 2to= 1A th(P>0.05) (Table 6) (Fig. 6).

Table 6. Result of Rt. total value (ratio(%))
Image Mean SD t P-value
Ventilation 2D Image 56.8 3.2 -0.49 0.62
3D Image 57.0 42
Perfusion 2D Image 59.5 8.9 -2.02 0.06
3D Image 60.3 10.6
2) A
7] ZAto A 2 9] & A FE-2 2D GAJoll A 3H1o] 43.1%, 3D Y ol A= 42.9%0] ATt Paired t-test ﬁTJ'P-Valueh 0.62%
2D B3} 3D FAdollM Y] AH g2 FAIK CE F-03t 2tol= §lATHP>0.05). TF HAloNA 2 G 2] F Hl&-2 2D F4dollA F

9] 40.4%, 3D G/l A= 39.6%°] A Th. Paired t-test 2T} P-values 0.06 22 2D G443} 3D GA ol A9 AH%E EAHOZ 89
St 2to] = Q1 th(P>0.05) (Table 7) (Fig. 6).

Table 7. Result of Lt. total value (ratio(%))
Image Mean SD t P-value
Ventilation 2D Image 43.1 32 0.49 0.62
3D Image 429 42
Perfusion 2D Image 404 114 2.02 0.06
3D Image 39.6 12.4
3) 44

7] HA A 244 9] & AAFE-2 2D FAoll A Hato] 13.7%, 3D FAFol A= 21.5%0] ATt Paired t-test 22} P-value= 0.002
22D 9433} 3D F/goll A “H%S SAH R F2] gt 2Fo] 7} QU Th(P<0.05). ¥ A A /3 2] F H]-&-2 2D F/dollA
0] 15.4%, 3D GAFol| A= 25.4%0] 2T}, Paired t-test 23} P-value= 0.002.2 2D A} 3D GAto| A o] HH&S EAZCZ &
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o}k ko] 7} QA{THP<0.05) (Table 8) (Fig. 6).
Table 8. Result of Rt. upper lobe value (ratio(%))
Image Mean SD t P-value

Ventilation 2D Image 13.7 84 -9.78 0.00

3D Image 21.5 35
Perfusion 2D Image 154 4.1 -9.59 0.00

3D Image 254 6.3

4) 954

7] Aol M FH 9] F HFH &2 2D J/dollA Hol 31.1%, 3D G/l A= 8.20%C] Tt Paired t-test 2} P-value= 0.002
22D 9747 3D FAdellA ] a2 SAIA 2 f-2Jgk 2ho 7 U ATHP<0.05). 7 ZAIA 5A Q] F HIE-2 2D F/dollA
0] 32.2%, 3D FAol A= 11.1%0] At} Paired t-test 2T} P-value= 0.002-2 2D GAtT} 3D JA oA o] &2 EAXcZ &
9J5t 2o 7} 91 A Th(P<0.05) (Table 9) (Fig. 6).

Table 9. Result of Rt. middle lobe value (ratio(%))
Image Mean SD t P-value
Ventilation 2D Image 31.1 1.2 21.38 0.00
3D Image 8.2 6.3
Perfusion 2D Image 322 7.0 16.79 0.00
3D Image 11.1 54
5) £k

7] ZAtolIA 25191 2] & AF 82 2D GAolA Hao] 11.8%, 3D Aol A= 27.3%0] Tt Paired t-test 22} P-value™= 0.002-
22D YA 3D FAtol A9 *H%i EAA 02 §oJgt Zo] 7} QA thP<0.05). T ZAMA 2514 9] & H|-&-2 2D F/JollA
0] 11.9%, 3D G0l A= 23.8%0] ATt Paired t-test 2T} P-value= 0.002-Z 2D F/d3} 3D FAoll Ao &2 EAXCZ &
9]t x}o] 7} QA THP<0.05) (Table 10) (Fig. 6).

Table 10. Result of Rt. lower lobe value (ratio(%))
Image Mean SD t P-value
Ventilation 2D Image 11.8 6.4 -11.79 0.00
3D Image 273 5.6
Perfusion 2D Image 11.9 45 -8.29 0.00
3D Image 23.8 14
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Fig. 6. This graph has visualized uptake ratio by lung lobes. A comparative analysis of the mean uptake ratios in 2D and
3D lung ventilation and perfusion scans was conducted. Each graph represents Rt. total uptake ratio (a), Lt. total uptake
ratio (b), Rt. upper lobe uptake ratio (c), Rt. midde lobe uptake ratio (d), and Rt. lower lobe uptake ratio (e).
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