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An Assessment of the Utility of Respiratory
Synchronized Systems in the PET/CT Examination

Yong—Jun Seong, Seok—Hwan Yoon, Jun—Ho Hyun, Hong—jae Lee and Jin—Eui Kim

Department of Nuclear Medicine, Seoul National University Hospital, Seoul, Korea

During PET/CT examinations, the movements of internal organs caused by respiration are captured in images
during multiple breathing cycles, resulting in the increases in tumor size and effects on SUV. Respiratory
synchronized systems were used to evaluate tumor sizes and SUV changes.

Biograph mCT 64 was used for the equipment, and RPM and Anzai systems were used for the respiratory
synchronized systems. We used point source and micro-phantom for an experimentation. We were performed
on 12 patients who had solid tumors discovered at the base of the lung or at the top of the liver from August
through September 2016. The PET images of the exhalation-to-breathing state and the CT images of the
post-exhalation suspension state were gained to evaluate changes in radioactivity concentration (KBg/mL),
SUVmax, cylinder diameter (mm), and tumor diameter (cm) under the conventional Static, RPM, and Anzai
methods.

The result of measuring the radioactivity concentration of the point source was RPM 94% and Anzai 91%
against Static, respectively. In the two cylinders of different radioactivity in the micro-phantom, the SUVmax
increased to RPM 61% and 78%, and Anzai 58% and 77% against Static, whereas the cylinder diameters
decreased by RPM -26% and -28%, and Anzai -28% and -26%, each respectively. Among the patients, the
SUVmax increased from a minimum of RPM 8.2% to a maximum of 94.4% against Static, and from a minimum
of Anzai 7.6% to a maximum of 68.3%, respectively. As for the tumor diameters, a minimum of RPM -7.6% to
a maximum of -28.9% were achieved, while the Anzai fell by a minimum of -9.6% to a maximum of -27.7%,
respectively. There was no significant difference discovered in the phantom study between the RPM and Anzai,
yet there was a meaningful difference in the patients’ tumors (P <0.05).

The respiratory synchronized systems of RPM and Anzai yielded no significant difference in the phantom study
in which the respiration was executed at regular intervals. However, it was discovered that the patients had a
meaningful difference for the irregular respiratory cycle and inter-system differences. Still, the respiratory
synchronized systems would be useful for the accurate diagnosis and SUV measurement as the tumor decreased
in size against the existing Static and the SUV increased.
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Fig. 1. Siemens Biograph mCT64 PET/CT Scanner was used for
acquisition,

Fig. 2. RPM Respiratory Gating System was used for respiration—
gated image.

Fig. 3. Anzai Respiratory Gating System was used for respiration—
gated image.

Fig. 4. Micro—PET phantom was used for evaluating cylinder
diameter.
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Fig. 5. RPM Respiratory Gating System was used for expiration
phase 50% signal.
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Fig. 6. Respiratory Gating PET was used for expiration phase 50%
signal.
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Fig. 7. RPM and Anzai of Radioactivity concentration value are
increased against Static.
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Fig. 8. RPM and Anzai of SUVmax value are increased against
Static.
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Fig. 9. RPM and Anzai of Cylinder diameter value are decreased
against Static.

3. Patient study
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Table 1. SUVmax of patient study
Patient Static RPM % Difference Anzai % Difference

1 17.94 1941 8.2 19.32 7.7
2 16.29 18.06 10.9 17.86 9.6
3 9.71  10.55 8.7 10.45 7.6
4 1.77  2.02 14.1 1.98 11.9
5 3.64 416 14.3 4.02 10.4
6 317 440 38.8 3.88 224
7 5.55 10.79 94.4 9.34 68.3
8 474  7.36 55.3 7.11 50.0
9 383 598 56.1 5.18 352
10 1584 19.24 21.5 17.52 10.6
11 2770 498 84.4 4.19 55.2
12 397 5.03 26.7 4.67 17.6

Table 2. Tumor diameter(cm) of patient study
Patient Static RPM % Difference Anzai % Difference

1 275 254 -7.6 2.48 -9.8
2 454  3.69 -18.7 3.75 -17.4
3 278 235 -15.5 243 -12.6
4 1.55 133 -14.2 1.31 -15.5
5 278 236 -15.1 233 -16.2
6 .72 133 -22.7 1.41 -18.0
7 1.66  1.18 -28.9 1.20 -27.7
8 205 1.82 -11.2 1.75 -14.6
9 1.72 136 -20.9 1.37 -20.3
10 456  4.02 -11.8 3.80 -16.7
11 1.56  1.34 -14.1 1.41 -9.6
12 1.61 1.43 -11.2 1.40 -13.0
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Fig. 10. PET images are acquired using respiratory gating system
in lung cancer patient.
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Fig. 11. PET images are acquired using respiratory gating system
in lung cancer patient with right rib bone metastasis.
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Fig. 12. PET images are acquired using respiratory gating system
in liver cancer patient.
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