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Comparison of two different respiratory monitoring
systems with 4D-CT images for target volume definition
in patients undergoing para-aortic nodal irradiation
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ABSTRACT

OBJECTIVE: Today, respiratory movement can be monitored and recorded with different methods during a simulation on
a four-dimensional (4D) computed tomography (CT) device to be used in radiotherapy planning. A synchronized respiratory
monitoring system (RPM) with an externally equipped device is one of these methods. Another method is to create 4D images
of the patient’s breathing phases without the need for extra equipment, with an anatomy-based software program integrated
into the CT device. Our aim is to compare the RPM system and the software system (Deviceless) which are two different
respiratory monitoring methods used in tracking moving targets during 4D-CT imaging and to assess their clinical usability.

METHODS: Ten patients who underwent paraaortic nodal irradiation were enrolled. The simulation was performed using
intravenous contrast material on a 4D-CT device with both respiratory monitoring methods. The right/left kidneys and renal
arteries were chosen as references to evaluate abdominal organ movement. It was then manually contoured one by one on
both sets of images. The images were compared volumetrically and geometrically after rigid reconstruction. The similarity
between the contours was determined by the Dice index. Wilcoxon test was used for statistical comparisons.

RESULTS: The motion of the kidneys in all three directions was found to be 0.0 cm in both methods. The shifts in the right/
left renal arteries were submillimetric. The Dice index showed a high similarity in both kidney and renal artery contours.
CONCLUSION: In our study, no difference was found between RPM and Deviceless systems used for tracking and detection
of moving targets during simulation in 4D-CT. Both methods can be used safely for radiotherapy planning according to the
available possibilities in the clinic.
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External beam radiotherapy (RT) is a commonly used
treatment modality in cancer treatment. Nowadays,
modern radiotherapy applications such as 3-dimensional
conformal radiotherapy (3-DCRT), intensity-modulated
radiotherapy (IMRT) and stereotactic body radiotherapy
(SBRT) deliver the prescribed dose accurately to the target

while reducing toxicities by maximizing the protection of
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organs at risk. Since these techniques deliver a high-preci-
sion dose delivery to irregularly shaped volumes, accurately
defining the target volume is most important before treat-
ment. However, planning images obtained by conventional
tomography may cause difficulties in determining the ex-
act location of the target due to respiratory movement, es-
pecially in tumors located in the chest and abdomen [1, 2].
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In recent years, four-dimensional computed tomogra-
phy (4D-CT) devices have been developed that monitor
respiratory movements to overcome this problem [3-7].
4D-CT images are performed showing volumetric changes
at different stages of the respiratory cycle over time. Then,
all acquired images are divided into 10 phases between 0%
and 90% of the breathing cycle and reconstructed. In ad-
dition, by merging several CT series at different breathing
phases, maximum intensity projections (MIP), average
intensity projection (Ave-IP), and minimum intensity
projection (Min-IP) are generated. The MIP displays the
highest intensity value for each voxel over a full respirato-
ry cycle, thus allowing the most accurate visualization and
identification of tumors. In general, MIP image sets are
preferred by physicians for contouring the target volume
as they show the maximum extent of the tumor [8—11].

In 4D CT, respiratory tracking and the method of
generating respiratory signals can be done in two differ-
ent ways. One of them performs external motion tracking
by recording respiratory signals with an external instru-
ment as well as CT images [12—-15]. The other method
generates respiratory signals directly from axial CT im-
ages and sorting based on the patient’s internal anatomy
which is called deviceless respiratory tracking (10, 16 ].

External respiratory signals can be generated with
different techniques in clinical practice [12—15]. One
of them is Varians Real-Time Position Management
(4D-RPM) (Varian Medical Systems, Inc.,, Palo Alto,
CA, USA) system. The 4D-RPM system consists of a
marker block and an infrared camera that can track mo-
tion. The infrared camera emits infrared light toward the
markings on the block. The external surface of the RPM
block has two or six dots, and these dots reflect the infra-
red light back to the camera. The block is placed on the
surface of the upper abdomen of the patient close to xy-
phoid notch and moves synchronized with the patient’s
breathing. The infrared camera captures its motions, and
the respiratory movement is monitored [10, 17].

The Deviceless 4D (4D-DL) respiratory monitoring
concept is a new software system implemented by GE
Medical Systems, Chicago, USA as Smart Deviceless
4D. In this system, unlike the RPM system, there is no
external instrument to monitor and record the respiratory
signal. The patient’s internal anatomical features are used
as a surrogate to track the movement of the target [16].
There are several studies in the literature comparing dif-
ferent respiratory monitoring systems [10, 13, 15,17-19].
In most of them, tumor movement in the thoracic region
has been evaluated. There are very few studies comparing

Highlight key points

e The basic principle in radiotherapy applications is to protect
the normal tissues at the maximum level while delivering the
treatment dose to the target accurately and precisely.

e In modern radiotherapy techniques such as 3-dimension-
al conformal radiotherapy (3-DCRT), intensity-modulated
radiotherapy (IMRT), and stereotactic body radiotherapy
(SBRT), it is necessary to accurately determine the target
volume and consider respiratory-related internal organ mo-
tions due to the sharp dose gradient.

e Currently, moving organs can be followed with different
methods during imaging in 4-dimensional computed tomog-
raphy devices, and obtained images are used in radiothera-
py planning.

e Real-Time Position Management (RPM) and 4D-Deviceless
techniques are the most commonly used respiratory moni-
toring systems and there is no difference between them in
terms of respiratory monitoring.

external surrogates with deviceless systems and investigat-
ing the motion of abdominal organs [10, 17].

In the present study, two different respiratory moni-
toring systems (RPM vs. 4D-DL) were compared to de-
termine intra-abdominal organ motion in patients who
underwent paraaortic nodal irradiation and the differ-
ences between them were evaluated.

MATERIALS AND METHODS

Patients’ Data

Ten consecutive patients who received radiotherapy to
abdominal regions at our clinic between 2020 and 2021
were enrolled in our study. Six of them were diagnosed
with upper gastrointestinal system cancer and four with
gynecological cancer. Six of the patients were women.
The inclusion criteria for the study were to be 18 years of
age and older, to receive radiotherapy to the abdominal
region, to have a planning tomography scan taken with
4D-CT and to have a regular respiratory cycle. Patients
with superficial respiration or patients who received
treatment other than the abdominal region were not in-

cluded in the study.

This project was supported by the Istanbul Universi-
ty-Cerrahpasa Scientific Research Projects Coordination
Unit (project number: TSG-2019-33453). Ethics ap-
proval was made by the institutional review board (num-
ber: A-44/ date: January 08, 2019) in accordance with
the Helsinki Declaration. Written informed consent was
obtained from all patients participating in the study.
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TABLE 1. Volumetric comparison results of renal contours

RPM 4D-DL Volume difference p
(4D-RPM vs.4D-DL)
Mean (cc) SD Mean (cc) SD Mean (cc) Mean (%)
Right kidney 249.42 206.21 249.76 206.48 -0.34 0.13 0.257
Left kidney 255.59 257.91 255.74 257.35 -0.15 0.05 0.646
Right renal artery 3.76 1.24 3.92 1.30 -0.16 4.25 0.083
Left renal artery 3.17 1.06 3.18 1.16 -0.01 0.31 0.811

RPM: Real-time position management; 4D-DL: Four dimension-deviceless; SD: Standard deviation.

4D-CT Simulation

In this present study, two different methods of tracking
respiratory motion, RPM (Varian Medical Systems, Inc.,
Palo Alto, CA, USA) and Deviceless 4D system were
used from the 4D-CT Discovery RT model (GE Medi-
cal Systems, Chicago, USA). At first, the infrared camera
was mounted on the end of the CT couch and calibrated.
The patient was laid in the supine position on the CT
table. The RPM marker box was placed on the xiphoid
process of each patient for respiratory movement moni-
toring and respiratory signals were recorded during CT
scanning. The respiratory signal obtained from the device
was transferred to the RPM software. Then the RPM
box was removed, and a second CT scan was performed
using the deviceless method by placing a short metallic
wire marker in the same location. The 4D-CT scan was
performed in axial cine mode with a slice thickness of 2.5
mm. The images obtained were then reconstructed and
binned into respiratory phases. The 4D-CT images were
sorted into 10 phases according to the respiratory cycle.
The MIP, Ave-IP and Min-IP image sets were generated
and all images were transmitted to the Varian Velocity
software v4.0 (Varian Medical Systems, Palo Alto, CA).

Study Design

Since paraaortic lymph node involvement is usually at
the infrarenal level in gynecological cancer patients, the
right and left kidneys and renal arteries were taken as a
reference to evaluate respiration-induced organ motions
in our study [20]. CT scans were performed in the ar-
terial phase (30-35 seconds) using 1 g/kg IV contrast

material to visualize the renal arteries.

Right (R), left (L) kidney and renal artery contour-

ing were performed manually by an experienced ra-

diation oncologist on the ten breathing phases image
sets that were taken in both protocols and then the
contoured volumes were transferred to the Ave-IP
image set.

Statistical Analysis

The contoured CT images were transferred from Veloci-
ty software V4.0 to Eclipse 15.6 treatment planning sys-
tem for rigid image registration and statistical evaluation.
The motion of the kidneys and renal arteries were com-
pared geometrically. The geometric comparison was used
by measuring the volume change in cc, using the DICE
similarity coeflicient, and calculating the center of mass
displacement in the Eclipse statistics tool.

The DICE similarity coeflicient was used as a statisti-
cal validation metric to evaluate the spatial overlap accu-
racy of the R/L kidneys and renal artery contours. DICE
value is a scalar coeflicient and ranges from 0 (no overlap)
to 1 (complete overlap).

To assess the geometrical displacement of R/L kid-
neys and renal arteries between 4D-RPM CT and 4D-
DL CT, shifting in the left-right (LR), superiot-inferior
(SI) and anterior-posterior (AP), directions were identi-
fied and the X, Y, Z coordinates were recorded with the
DICOM system. Wilcoxon test was used to compare vol-
umes. All statistical analyses were done using the SPSS
software program version 20 (IBM SPSS, Chicago, IL,
USA). The significance level was accepted as p<0.05.

RESULTS

For this study, the abdominal region images obtained
from 4D-CT using RPM and 4D-DL system of a total

of ten patients were evaluated.
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TABLE 2. Displacement values of both kidneys in LR, SI and AP directions

Number of patients Right kidney Left kidney
X-axes (L-R) Y-axes (S-I) Z-axes (A-P) X-axes (L-R) Y-axes (S-I) Z-axes (A-P)
shifting (cm) shifting (cm) shifting (cm) shifting (cm) shifting (cm) shifting (cm)
1 0.00 0.00 0.01 0.00 0.00 -0.01
2 0.00 0.00 0.01 0.00 0.01 0.01
3 0.00 0.00 0.02 -0.01 -0.02 -0.07
4 0.00 0.00 0.00 0.00 0.01 0.01
5 0.00 0.00 0.00 0.00 0.01 0.01
6 0,00 0.00 -0.01 0.00 0.00 -0.01
7 0.00 -0.01 -0.02 -0.01 0.00 0.02
8 0.00 0.00 0.00 0.00 -0.01 0.01
9 0.00 0.00 0.01 0.01 0.00 0.01
10 0.03 0.04 0.02 0.01 0.05 0.06
Median 0.00 0.00 0.00 0.00 0.00 0.01
L-R: Left-right; S-I: Superior-inferior; A-P: Anterior-posterior.
TABLE 3. Displacement values of both renal arteries in LR, SI and AP directions
Number of patients Right renal artery Left renal artery
X-axes (L-R) Y-axes (S-I) Z-axes (A-P) X-axes (L-R) Y-axes (S-I) Z-axes (A-P)
shifting (cm) shifting (cm) shifting (cm) shifting (cm) shifting (cm) shifting (cm)
1 -0.08 0.05 0.02 -0.03 0.01 0.12
2 0.02 -0.02 0.00 0.12 0.03 -0.07
3 0.01 -0.02 -0.01 -0.01 -0.02 -0.07
4 0.02 -0.02 0.01 0.00 0.01 0.00
5 -0.03 0.01 -0.02 -0.12 -0.03 0.00
6 0.00 0.00 0.01 0.00 0.01 0.01
7 0.00 -0.01 -0.02 -0.05 -0.02 -0.01
8 -0.02 0.01 -0.08 -0.02 -0.01 -0.01
9 -0.01 0.01 -0.01 -0.01 -0.01 -0.01
10 -0.02 0.00 -0.05 -0.02 -0.07 -0.38
Median 0.00 0.00 -0.01 0.015 -0.01 -0.01

L-R: Left-right; S-I: Superior-inferior; A-P: Anterior-posterior.

The volumetric comparison results of renal contours
are shown in Table 1. The mean percentage of volume dif-
ference between RPM and 4D-DL renal contours ranged
from 0.05% to 4.25%. The maximum percentage of vol-
ume difference was observed in right renal artery contour.
All 4D DL volumes were larger than RPM volumes, but

no significant difference was found between them.

The AP, SI and LR displacement values of the R/L
kidneys and renal arteries are reported in detail in
Table 2—3. The median shifts of both kidneys in the
AP, SI and LR directions were found to be 0.0 cm.
The median shift of the right renal artery in the LR
and SI directions was 0.0, and the median shift in the
AP direction was -0.01 cm. The median shifts of the
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TABLE 4. Dice similarity coefficient values of both kidneys
and renal arteries

Number of Dice index

patients R kidney L kidney R renal artery L renal artery
1 0.98 0.99 0.69 0.81
2 0.99 0.99 0.80 0.74
3 0.99 0.84 0.79 0.84
4 0.99 0.99 0.83 0.84
5 0.99 0.99 0.87 0.81
6 0.99 0.98 0.94 0.94
7 0.99 0.99 0.99 0.81
8 0.98 0.98 0.81 0.84
9 0.99 0.98 0.87 0.84
10 0.98 0.97 0.89 0.83
Mean 0.98 0.97 0.84 0.83

SD: Standard deviation

left renal artery in the AP, SI and LR directions were
-0.01 cm.

The mean DICE similarity coefficient of R kidney, L
kidney, R renal artery and L renal artery were 0.98, 0.97,
0.84, 0.83, respectively. The DICE index values found for
each patient are presented in Table 4.

DISCUSSION

Today, the effect of respiration-related internal organ
motion on the dose distribution is very well known, es-
pecially during radiotherapy is applied to the thoracic
and abdominal regions. The breast, lungs, esophagus,
pancreas, liver, and kidneys are the most displaced organs
during breathing, Abdominal organ motion is reported
generally in the superiot-inferior direction, while the
movement in the anterior-posterior and lateral directions
is minimal. In lung tumors, the amount of movement is
highly variable and greater in all three directions. Cur-
rently, to reduce the respiratory-related motion effects
on dose distribution, some strategies are used such as
forced shallow breathing with abdominal compression,
breath-holding on deep inspiration, respiratory-gating
and tracking techniques integrated into the treatment
planning system [19-21].

The above-mentioned techniques are applied with
the help of images obtained from the 4D-CT device
that shows time-dependent volumetric changes in the
respiratory cycle. The respiratory monitoring meth-

od in 4D-CT scans is usually performed on an exter-
nal device-based system. Several studies have reported
that external surrogate-based 4D-CT images are supe-
rior to conventional 3D-CT in terms of accuracy and
functionality [17, 22—24]. The most important issue to
be considered while using these systems is the breath-
ing pattern of the patient. If the patient has irregular
or superficial breathing, respiratory signals recorded by
external surrogates may not always accurately represent
internal target motions [12, 25, 26]. The location of the
external marker on the patient and the tumor localiza-
tion also affect the results [17]. In addition, it has been
reported that the use of the six-dot marker box has ad-
vantages over the two-dot box in terms of showing re-
al-time patient position [10].

The 4D-DL, a new system which monitors respira-
tion according to the anatomical features of the internal
organs, does not require any extra respiratory monitor-
ing equipment and does not have the disadvantages men-

tioned above (10, 17].

There are several studies showing good agreement
between external surrogate systems and internal organ
motion in respiratory gating treatment [10, 16, 17, 19].
In most of these studies, the Varian RPM system and
the 4D-DL system were compared. However, these
studies have mostly been done on phantoms, and the
number of clinical studies with patients is much less
(15, 18, 19]. In the study of Yip et al. [17] external de-
vice-based 4D-CT and anatomy-based device-free 4D-
CT were compared geometrically and dosimetrically
in lung tumor patients who underwent SBRT, and it
was reported that there was no significant difference
between them. Furthermore, Li et al. [16] compared
external and internal surrogate systems in ten cancer
patients and reported that the deviceless 4D system can
be used more easily in clinical settings. In Sprouts’study
(10], there were 35 cases, 20 were diagnosed with lung
cancer, 8 pancreatic cancet, and 7 liver cancer. The eval-
uation was made for both the thoracic and abdominal
regions. The comparisons were made quantitatively and
qualitatively for two reconstruction methods. As a re-
sult, both methods were found to be similar, Unlike our
study, they used diaphragm and body region as com-
paring metrics for liver and pancreatic cancers. Howev-
e, the diaphragm movement due to respiration affects
the displacement of tumors in the lung more than the
abdominal tumors. Since some people do abdominal
breathing, the diaphragm movement is not sufficient to
predict the motion of organs located in the abdomen
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(such as the kidneys). Similarly, in the study of Panan-
diker et al. [27] the physiological renal motions were
evaluated with 4D-CT in pediatric patients; however,
no significant correlation could be shown between the
diaphragm and renal motion.

On the other hand, Holla et al. [19] have compared
another monitoring system the Anzai belt and the 4D-
DL system on the phantom and showed that the 4D-DL
system is more useful if the target movement is small.
However, Liu et al. [13] investigated the combined use of
two different respiratory monitoring systems (RPM and
Anzai belt) for 4D-CT simulation in 15 patients with
lung cancer and reported that they should not be used
together because there is no correlation between them.

In the current study, the motion of the abdominal or-
gans was compared in 4D-CT images obtained using the
4D-RPM and 4D-DL systems in patients. There was no
difference between the external and internal organ mo-
tion monitoring systems in terms of geometric and vol-
umetric variations. Especially mean difference between
the right-left, superior-inferior, and anterior-posterior
displacement of the kidneys in both respiratory moni-
toring systems was determined as 0.0 cm. Also, there was
a high similarity between the delineated right and left
kidney volumes in both respiratory monitoring systems
(0.98 and 0.97, respectively).

The 4D-Deviceless respiratory monitoring system
is generally developed for lung tumors. However, both
in this study and in Sprouts’ study [10], it was observed
that the 4D-DL system was not different from the Vari-
an RPM system for abdominal region radiotherapy.

Although it seems like a limitation that our study is
retrospective and has a small number of patients, it was
planned as a prospective study but analysed retrospec-
tively. Also, since the number of patients varies between
10-15 in most of the studies on this subject in the litera-
ture and it is a technical study comparing two respiratory
monitoring systems, the number of our patients is rela-
tively low. In addition, unlike other studies, we did not
prefer gross tumor volume to determine organ motion,
but rather the kidneys and renal arteries. The reason for
this is that the paraaortic lymph nodes are mostly located
around the vessels and at the infrarenal level.

Despite these, the most important feature is that our
study is the only study in the literature comparing de-
vice-based (RPM) and 4D deviceless respiratory mon-
itoring systems when evaluating abdominal organ mo-
tion in patients.

Conclusion

For 4D-CT, external device-based and deviceless respi-
ratory monitoring systems were not different from each
other in tracking and detecting moving targets. The
4D-Deviceless system can be preferred in routine prac-
tice as an alternative, as it eliminates the need for an ex-
ternal monitoring instrument and provides ease in work-
flow and greater patient comfort. Either one of them can
be used safely for abdominal region radiotherapy plan-
ning according to the available possibilities in the clinic.

Ethics Committee Approval: The Istanbul University-Cerrahpasa
Clinical Research Ethics Committee granted approval for this study
(date: 08.01.2019, number: A-44).

Authorship Contributions: Concept — SAE, FOD, DCO, IS; Design
— SAE, SK; Supervision — DCO, FOD, IS; Materials — SAE, TKC; Data
collection and/or processing — TKC, SAE, SK; Analysis and/or inter-
pretation — SAE, SK; Literature review — SAE, TKC; Writing — SAE,
SK; Critical review — DCO, FOD, IS.

Conflict of Interest: No conflict of interest was declared by the
authors.

Use of AI for Writing Assistance: Not declared.

Financial Disclosure: This study was supported by the Istanbul
University-Cerrahpasa Scientific Research Projects Coordination Unit
(Project no: TSG-2019-33453).

Peer-review: Externally peer-reviewed.

REFERENCES

1. Chen GT, Kung JH, Beaudette KP. Artifacts in computed tomography
scanning of moving objects. Semin Radiat Oncol 2004;14:19-26.

2. LewisJH, Jiang SB. A theoretical model for respiratory motion artifacts
in free-breathing CT scans. Phys Med Biol 2009;54:745-55. [CrossRef]

3. Fitzpatrick MJ, Starkschall G, Antolak JA, Fu J, Shukla H, Keall PJ, et
al. Displacement-based binning of time-dependent computed tomogra-
phy image data sets. Med Phys 2006;33:235-46. [CrossRef]

4. Keall PJ, Starkschall G, Shukla H, Forster KM, Ortiz V, Stevens CW,
et al. Acquiring 4D thoracic CT scans using a multislice helical method.
Phys Med Biol 2004;49:2053-67. [CrossRef]

5. Low DA, Nystrom M, Kalinin E, Parikh P, Dempsey JE Bradley JD, et
al. A method for the reconstruction of four-dimensional synchronized
CT scans acquired during free breathing. Med Phys 2003;30:1254-63.

6. McClelland JR, Blackall JM, Tarte S, Chandler AC, Hughes S, Ahmad
S, et al. A continuous 4D motion model from multiple respiratory cy-
cles for use in lung radiotherapy. Med Phys 2006;33:3348-58. [CrossRef]

7. Pan T, Lee TY, Rietzel E, Chen GT. 4D-CT imaging of a vol-
ume influenced by respiratory motion on multi-slice CT. Med Phys
2004;31:333-40. [CrossRef]

8. Keall PJ, Vedam SS, George R, Williamson JF. Respiratory regularity
gated 4D CT acquisition: concepts and proof of principle. Australas
Phys Eng Sci Med 2007;30:211-20. [CrossRef]

9. Giraud P, Garcia R. Respiratory gating for radiotherapy: main tech-
nical aspects and clinical benefits. [Article in French]. Bull Cancer
2010}97‘847—56. [CrossRef]


https://doi.org/10.1053/j.semradonc.2003.10.004
https://doi.org/10.1088/0031-9155/54/3/018
https://doi.org/10.1118/1.2044427
https://doi.org/10.1088/0031-9155/49/10/015
https://doi.org/10.1118/1.1576230
https://doi.org/10.1118/1.2222079
https://doi.org/10.1118/1.1639993
https://doi.org/10.1007/BF03178428
https://doi.org/10.1684/bdc.2010.1143

126

NorTH CLIN ISTANB

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sprouts DA. Comparison of device-based and deviceless 4DCT recon-
struction (Master’s thesis). San Diego, CA: San Diego State University;
2017.

Underberg RW, Lagerwaard FJ, Slotman BJ, Cuijpers JP, Senan S.
Use of maximum intensity projections (MIP) for target volume gen-
eration in 4DCT scans for lung cancer. Int ] Radiat Oncol Biol Phys
2005;63:253—60. [CrossRef]

Hoisak JD, Sixel KE, Tirona R, Cheung PC, Pignol JP. Correlation of
lung tumor motion with external surrogate indicators of respiration. Int
J Radiat Oncol Biol Phys 2004;60:1298-306. [CrossRef]

LiuJ,Lin T, Fan ], Chen L, Price R, Ma CC. Evaluation of the combined
use of two different respiratory monitoring systems for 4D CT simula-
tion and gated treatment. ] Appl Clin Med Phys 2018;19:666-75.
Vedam SS, Keall PJ, Kini VR, Mostafavi H, Shukla HP, Mohan R.
Acquiring a four-dimensional computed tomography dataset using an
external respiratory signal. Phys Med Biol 2003;48:45—62. [CrossRef]
Visquez AC, Runz A, Echner G, Sroka-Perez G, Karger CP. Com-
parison of two respiration monitoring systems for 4D imaging with a
Siemens CT using a new dynamic breathing phantom. Phys Med Biol
2012;57:N131-43. [CrossRef]

Li R, Lewis JH, Cervifio LI Jiang SB. 4D CT sorting based on patient
internal anatomy. Phys Med Biol 2009;54:4821-33. [CrossRef]

Yip CH. Comparison of external surrogate-based 4DCT and anatomy
based deviceless 4DCT for stereotactic body radiation therapy (Mas-
ter’s thesis). Hong Kong: University of Hong Kong, Li Ka Shing Facul-
ty of Medicine; 2020.

Heinz C, Reiner M, Belka C, Walter F, S6hn M. Technical evaluation
of different respiratory monitoring systems used for 4D CT acquisition
under free breathing. ] Appl Clin Med Phys 2015;16:4917. [CrossRef]
Holla R, Khanna D, Barsing S, Pillai BK, Ganesh T. Investigation of
internal target volumes using device and deviceless four-dimensional

20.

21.

22.

23.

24.

25.

26.

27.

respiratory monitoring systems for moving targets in four-dimensional
computed tomography acquisition. ] Med Phys 2019;44:77-83.
Bortfeld T, Jiang SB, Rietzel E. Effects of motion on the total dose dis-
tribution. Semin Radiat Oncol 2004;14:41-51. [CrossRef]

Keall PJ, Mageras GS, Balter JM, Emery RS, Forster KM, Jiang SB, et
al. The management of respiratory motion in radiation oncology report
of AAPM Task Group 76. Med Phys 2006;33:3874-900. [CrossRef]
Nogami Y, Banno K, Irie H, Iida M, Kisu I, Masugi Y, et al. The efficacy
of preoperative positron emission tomography-computed tomography
(PET-CT) for detection of lymph node metastasis in cervical and en-
dometrial cancer: clinical and pathological factors influencing it. Jpn J
Clin Oncol 2015;45:26—34. [CrossRef]

Guo B, Li JB, Wang W, Xu M, Li YK, Liu TH. A comparison of do-
simetric variance for external-beam partial breast irradiation using
three-dimensional and four-dimensional computed tomography. Onco
Targets Ther 2016;9:1857-63. [CrossRef]

LiE Li]J, ZhangY, Xu M, Shang D, Fan T, et al. Geometrical differences
in gross target volumes between 3DCT and 4DCT imaging in radio-
therapy for non-small-cell lung cancer. ] Radiat Res 2013;54:950—6.
Persson GE Nygaard DE, Munck Af Rosenschéld P, Richter Vogelius
L, Josipovic M, Specht L, et al. Artifacts in conventional computed to-
mography (CT) and free breathing four-dimensional CT induce un-
certainty in gross tumor volume determination. Int J Radiat Oncol Biol
Phys 2011;80:1573—-80. [CrossRef]

Ozhasoglu C, Murphy M]J. Issues in respiratory motion compensa-
tion during external-beam radiotherapy. Int ] Radiat Oncol Biol Phys
2002;52:1389-99. [CrossRef]

Pai Panandiker AS, Sharma S, Naik MH, Wu S, Hua C, Beltran C,
et al. Novel assessment of renal motion in children as measured via
four-dimensional computed tomography. Int J Radiat Oncol Biol Phys
2012;82:1771—6. [CrossRef]


https://doi.org/10.1016/j.ijrobp.2005.05.045
https://doi.org/10.1016/j.ijrobp.2004.07.681
https://doi.org/10.1002/acm2.12434
https://doi.org/10.1088/0031-9155/48/1/304
https://doi.org/10.1088/0031-9155/57/9/N131
https://doi.org/10.1088/0031-9155/54/15/012
https://doi.org/10.1120/jacmp.v16i2.4917
https://doi.org/10.1053/j.semradonc.2003.10.011
https://doi.org/10.1118/1.2349696
https://doi.org/10.1093/jjco/hyu161
https://doi.org/10.2147/OTT.S100629
https://doi.org/10.1093/jrr/rrt017
https://doi.org/10.1016/j.ijrobp.2010.10.036
https://doi.org/10.1016/S0360-3016(01)02789-4
https://doi.org/10.1016/j.ijrobp.2011.03.046

