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Comparison and Evaluation of the Effectiveness between
Respiratory Gating Method Applying The Flow Mode and
Additional Gated Method in PET/CT Scanning.
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Youngjae Park' and Inwon Lee'
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The present study aimed at assessing the effectiveness of the respiratory gating method used in the flow mode
and additional localized respiratory-gated imaging, which differs from the step and go method.

Respiratory gated imaging was performed in the flow mode to twenty patients with lung cancer (10 patients with
stable signals and 10 patients with unstable signals), who underwent PET/CT scanning of the torso using
Biograph mCT Flow PET/CT at Bundang Seoul University Hospital from June 2016 to September 2016.
Additional images of the lungs were obtained by using the respiratory gating method. SUVmax, SUVmean, and
Tumor Volume (cm®) of non-gating images, gating images, and additional lung gating images were found with
Syngo,bia (Siemens, Germany). A paired t-test was performed with GraphPad Prism6, and changes in the width
of the amplitude range were compared between the two types of gating images.

The following results were obtained from all patients when the respiratory gating method was applied: SUVax
=9.4343.93, SUViean= 1.77 + 0.89, and Tumor Volume =4.17 & 2.41 for the non-gating images, SUV pax =
10.08 £+ 4.07, SUVmean=1.75 + 0.81, and Tumor Volume = 3.56 + 2.11 for the gating images, and SUV =
10.86 +4.36, SUVnean = 1.77 £ 0.85, Tumor Volume = 3.36 + 1.98 for the additional lung gating images. No
statistically significant difference in the values of SUVean Was found between the non-gating and gating
images, and between the gating and lung gating images (P>0.05). A significant difference in the values of
SUVmax and Tumor Volume were found between the aforementioned groups (P<0.05). The width of the
amplitude range was smaller for lung gating images than gating images for 12 from 20 patients (3 patients with
stable signals, 9 patients with unstable signals).

In PET/CT scanning using the respiratory gating method in the flow mode, any lesion movements caused by
respiration were adjusted; therefore, more accurate measurements of SUV,x and Tumor Volume could be
obtained from the gating images than the non-gating images in this study. In addition, the width of the amplitude
range decreased according to the stability of respiration to a more significant degree in the additional lung gating
images than the gating images. We found that gating images provide information that is more useful for
diagnosis than the one provided by non-gating images. For patients with irregular signals, it may be helpful to
perform localized scanning additionally if time allows.
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Fig. 1. mCT Flow PET/CT Scanner was used in this experiment.
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Fig. 2. Respiratory Gating Equipment (Anzai) was used for this
experiment.
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SUVim B2 Non-gating GAlol| 4] 8.86+3.57, 7]< Lung
gating Aol 4] 9.28+3.54, 18] 31 37} Lung gating G A}of| A
9.71£3.29 24 7} Lung Gating2 32 1] SUV e ”F 7H
A HERaL(Table 1), SUVinean Bt Non-gating /]
A] 1.5840.60, 7]== Lung gating Aol A 1.554+0.53, 18|31l
27} Lung gating GAFol|A] 1.56+£0.57% UEFGTHTable 2).
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3.73+2.48, 7| Lung gating GAFol| A 3.28+2.19, 18|11
7} Lung gating GArol| A 3.19+2.142 A A tH(Table 3).

Table 1. Comparison of the SUVmax for non gating, lung gating,
and additional lung gating in patients with stable signals

Respiratory gating method 2 FAFs}o] FARS: &5 Ay}
SUVinx & Non-gating /o] 4] 10.00£4.37, 7] Lung
gating Aol 4] 10.88+4.58, 712|311 57} Lung gating % A+<]|

Patient N - L S.UVmaldd. — - A 12.01£5.142 4] 37} Lung Gating2 31992 W] SUV a7}
on gatin; ung gatin, itional lung gatin
1 1 f : g f4g6 g 5 97g gane 717 %7 Lrebsta(Table 4), SUV e B2 Non-gating 3
3 4.12 43 5.1 11 27} Lung gating 3 Aol 4] 1.97+£1.06 0.2 L}EFTHTable
4 8.68 9.12 9.86 5). 18] 3 Tumor Volume (cm*)Z2 Non-gating FAfol 4]
5 143 14.8 143 4.6142.40, 7] Z Lung gating %AFo]| Al 3.84+2.09, 12|31 27}
6 5.05 5.25 5.03
Lung gating Aol A 3.52+1.095 A QI tH(Table 6).
7 928 931 10.17 ung gating /gl A S AAK )
8 5.06 5.81 6.36
9 9.81 9.83 1057 Table 4. Comparison of the SUVmax for non gating, lung gating,
10 829 971 10.8 and additional lung gating in patients with unstable
signals
. , ) ] SUVinax
Table 2. Comparison of the SUVmeanfor non gating, lung gating, Patient
and additional lung gating in patients with stable signals Non gating  Lung gating Additional lung gating
. SUVmean 1 9.84 11.72 13.33
Patient - - — -
Non gating  Lung gating Additional lung gating 2 5.94 6.11 6.86
1 1.92 1.96 1.93 3 12.48 12.7 13.93
2 1.42 1.44 144 4 10.46 11.24 13.44
3 1.05 112 1.04 5 19.42 19.85 23.63
4 1.28 1.31 1.33 6 63 6.41 746
> .58 1.53 145 7 12.38 13.43 13.3
6 2.29 2.13 2.13 g 599 6.44 75
7 0.68 0.68 0.69 ’ ’ ’
] 27 25 269 9 11.84 14.61 13.52
9 1.6 16 1.62 10 5.38 6.27 6.92
10 1.22 1.23 1.29

Table 3. Comparison of the Tumor Volume for non gating, lung
gating, and additional lung gating in patients with stable

signals
. Tumor Volume (cm3)
Patient
Non gating  Lung gating Additional lung gating

1 3.34 322 3.12
2 1.36 0.85 0.83
3 9.58 8.46 8.4
4 4.11 3.4 3.36
5 2.29 2.0 2.1
6 2.39 2.13 2.13
7 2.49 2.45 2.35
8 6.18 5.43 5.06
9 1.8 1.81 1.8
10 3.79 3.08 2.77

Table 5. Comparison of the SUVmeanfor non gating, lung gating,
and additional lung gating in patients with unstable

signals
Patient SUVmcan
Non gating Lung gating Additional Lung gating
1 1.63 1.66 1.68
2 0.72 0.75 0.77
3 1.93 1.9 2.03
4 3.89 3.69 3.8
5 3.89 3.63 3.78
6 1.35 1.32 1.38
7 1.42 1.44 1.47
8 1.3 1.32 1.23
9 2.33 2.49 2.36
10 1.24 1.22 1.21
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Table 6. Comparison of the Tumor Volume for non gating, lung
gating, and additional lung gating in patients with
unstable signals

Tumor Volume (cm3)

Patient
Non gating Lung gating Additional Lung gating
1 492 3.85 3.81
2 2.9 2.69 2.30
3 4.52 4.15 3.48
4 1.64 1.24 1.19
5 8.63 7.05 6.78
6 7.59 7.51 6.2
7 231 2.25 241
8 2.04 1.65 1.44
9 6.05 423 4.76
10 5.51 3.81 2.86

3. TA| H|w

THH 0 & Hit gk vl agt A3} SUV = Non gating G
ZFoll A 9.43+3.93 ©|¢laL, A ¥A| Lung gating /ol Al+=
10.08:4.0724] 6.9% 2713+ BTk 12]3 %7} lung
gating /ol 4] 10.86+4.36 = 4] A W17 Lung gating G/ =
T} 7.79% 7} B Z7HHE BGla, A2 7ol EA K02 GOl
2pol2 HYTH(P<0.05). 15 o] oFel FHxjo] HF
SUVima= Non gating Atol| 4] 8.86+3.57, 3 ¥4 Lung
gating GA}ol| A= 9.2843.54 2 4] A1 A Lung gating GAHE
t}4.8%7} v} Z7Fskglet. 18] 3L S27} Lung gating %/l A]
9.71+3.29= 4] % HA) Lung gating ALK T}4.5% ] 2713}

Aok & 353 §F $HAF9] 79 Non gating /ol 4]
10.004+4.37, A HA| Lung gating GAFol| A= 10.88+4.58 2 A
8.7% © F7FekE HSlal, 571 Lung gating Aol Al
12.01+5.142 A H#A] Lung gating GAFE T} 10.4% Z713HS
Hol Tgo] QHgt SRl Bt Skt oA 9]
SUVmax HAZ}EO] A= A& U 5= AU THTable 7).

TF2 SUVinean & 1A Bt-4k-2 H]2L3E A7} Non gating
Aol A 1.77+0.89, A A Lung gating FArof| A= 1.75+0.81
BA -1.5% 7r28F3iT). 2] Al 327} Lung gating 7ol A
1.77+0.85% A A Lung gating FATE T} 1.1% 7132 B
QAL A2 7ho] SAA R {3t AfolE Holx| gkgkrh
(P>0.05) (Table 8). 722} 3 Tumor Volume (cm’) ] XA B
Zr& ¥|13 A3} Non gating GAToA] 4.17+2.41, A HA|
Lung gating GAFol| A= 3.56+2.11 24| -14.6% 745} T}
T12]31 7} Lung gating GArol| A 3.36+1.98 2 A FHA| Lung
gating PATET}5.8% ] 7rAFS B, A2 7ol 5412
© & § 0I5} 2}o| 2 B Y rh(P<0.05). L & 35| ¢HA%H 3t
A9 ot Tumor Volume 2 Non gating FAFol| A
3.73+2.48, A HA| Lung gating GAFol| A= 3.2842.19 2 A]
-12.1% A4S 931 37} Lung gating GAFol| A 3.1942.142
A1 -2.8% T 7253l th T Fo] EQHY Rt #A+2] 739 Non
gating GArol| A 4.61+2.40, A HHA| Lung gating JATol| A=
3.84+2.09 24 -16.7% 7+A~E 1L, =7} Lung gating ATl
A 3.52+1.092 4 -8.3% TAE 3] 350] eHg3t R E Tk
E2Hg 3t 3EAJtol| A Tumor Volume?] HE}Eo] ©f 34| 1}
Bt A & 4= A tH(Table 9). 712] 37 amplitude range = 2]
H3l= F 208 9] A F 2 50] HE A Q1 A} 37 (Table

Table 7. Comparison of mean values in total SUVmacfor non gating, lung gating, and additional lung gating in patients with stable signals

and unstable signals

SUVimax
T Non gating Lung gating %Diff Lung gating  Additional lung gating ~ %Diff
A A=} 9.43+£3.93 10.08+4.07 6.9% 10.08+4.07 10.86+4.36 7.7%
P gt 8.86+3.57 9.28+3.54 4.8% 9.28+3.54 9.71+3.29 4.5%
Eg%k ex; 10.00+4.37 10.88+4.58 8.7% 10.88+4.58 12.01£5.14 10.4%

Table 8. Comparison of mean values in total total SUVieanfor non gating, lung gating, and additional lung gating in patients with stable

signals and unstable signals

SUVimean
T Non gating Lung gating %Diff Lung gating Additional lung gating %Diff
AA kAR 1.77+0.89 1.75+0.81 -1.5% 1.75+0.81 1.77+0.85 1.1%
oFA st FA} 1.58+0.60 1.55+0.53 -1.6% 1.55+0.53 1.56+0.57 0.7%
Eg%H R} 1.97£1.10 1.94+1.01 -1.4% 1.94+1.01 1.97+1.06 1.5%
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Table 9. Comparison of mean values in total total Tumor Volumefor non gating, lung gating, and additional lung gating in patients with
stable signals and unstable signals

Tumor Volume (cm®)

1=}
T Non gating Lung gating Y%Diff Lung gating  Additional lung gating %Diff
A ZA} 4.17+2.41 3.56+2.11 -14.6% 3.56+2.11 3.36+1.98 -5.8%
oL ot 2R} 3.73+£2.48 3.28+2.19 -12.1% 3.28+2.19 3.19+2.14 -2.8%
=R oA 4.61+2.40 3.84+2.09 -16.7% 3.84+2.09 3.52+1.09 -8.3%

Table 10. Comparison with lung gating and addtional lung gating to difference in amplitude range width in patients with stable signals

Patient Amplitude range (%) Amplitude range width difference (%)

Lung gating Additional Lung gating Lung gating Additional Lung gating Yodiff
1 0~3 0~5 3 5 66.7
2 3~9 3~9 6 6 0
3 0~6 0~1 6 1 -83.3
4 0~11 0~6 11 6 -45.5
5 0~1 0~1 1 1 0
6 3~10 2~10 7 8 14.3
7 0~4 0~6 4 6 50.0
8 1~7 0~9 6 9 50.0
9 4~8 2~6 4 4 0
10 3~7 2~5 4 3 -25.0

Table 11. Comparison with lung gating and addtional lung gating to difference in amplitude range width in patients with unstable signals

Patient Amplitude range (%) Amplitude range width difference (%)
Lung gating Additional Lung gating Lung gating Additional Lung gating Yodiff
1 15~29 0~12 14 12 -16.6
2 2~18 1~16 16 15 -6.3
3 3~16 2~10 13 8 -38.5
4 0~17 0~15 17 15 -11.8
5 17~28 0~7 11 7 -57.1
6 6~19 0~6 13 6 -53.8
7 4~18 3~12 14 9 -35.7
8 7~20 6~18 13 12 =17
9 3~23 0~9 20 9 -55.0
10 3~19 2~18 16 16 0
10), =H7g o &4} 97 9| A 527} Lung gating sh3l& ™ Non gating F/J == 31 R4 Lung gating §/d], 12|31 3
rolAL: ¢F 4= 9] ith(Table 11). WA Lung gating g A} B tH= 327} Lung gating 3 A}ol| A ¥4
SobE AT wE e A o QAL ATATAS Y 7L AR EelaiH AL BHelst 4 ASithFig 3).

1 2 1
=

£ - =
i L T atedCAM_(Adult) At ACEM_ (AUl

~

A. Non-gating B. Lung gating C. Addtional lung gating
Fig. 3. The results of the visual evaluation showed that the lesion gradually appeared clearer in B than A and C rather than B,
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