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Body weight is an important indicator in any examination that is performed using X-ray based modalities, such as computed tomography. This is because body weight correlates with the size of the patient and the attenuation of X-rays, and subsequently influences the dose received by the patient. This study analyzed the relationships between body weight and water-equivalent diameter (Dw), volume computed tomography dose index (CTDIvol), and size-specific dose estimates (SSDE) in retrospective contrast-enhanced thorax examinations. We used images from 100 patients (50 women and 50 men patients) with a weight range from 2.8 kg to 80 kg. The values of Dw, CTDIvol, and SSDE were automatically calculated from axial CT images using the IndoseCT software. Statistical analysis showed that the patient's body weight correlates linearly with the Dw. The linearity coefficient (R2) values for body weight and Dw is 0.43 (women) and 0.55 (men). However, weight was independent of the patient dose in terms of CTDIvol and SSDE. This was because the CT system used tube current modulation (TCM), which automatically adapted the tube current to patient size, resulting in a relatively constant dose regardless of the patient size (Dw).
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Computed tomography (CT) is an X-ray-based modality that is used as a supporting tool in performing diagnostics. CT image has good sensitivity and validity [1]. Since the scanning time is so short [2,3], it  very practical to use for examinations such as for cancers of the head, neck and thorax [4,5]. However, in general, X-ray-based examinations have a high radiation dose with the potential to cause cancer in the future. Therefore, in CT examinations, there is a predetermined protocol so that the dose received by the patient is as low as possible, consistent with images of sufficient quality to make the diagnosis.
The dose received by patients in a CT examination is currently based on the size-specific dose estimate (SSDE). Its measurement is based on the value of the volume computed tomography index (CTDIvol) and the water-equivalent diameter (Dw). The Dw value is a representation of patient characteristics including X-ray attenuation and patient size as specified by the American Association of Physicists in Medicine (AAPM) number 220 [6,7]. In several previous studies, the Dw value correlated with body mass index (BMI) and body weight [8–10]. The BMI value (in kg/m2) is the ratio of body weight to height [11]. Body weight is an important indicator in examinations performed using X-ray radiation-based modalities because body weight is related to patient size and X-ray attenuation, and in turn influences the dose received by the patient. This study aims to analyze the relationship between body weight and CTDIvol, Dw and SSDE for thoracic examination.

METHODOLOGY

This study involved 100 patients consisting of 50 women and 50 men with a weight range of 2.8 kg to 80 kg, who had undergone a thoracic examination at Dr. Hospital. Kariadi Semarang, Central Java. The CT scanner was a Siemens Sensation 64, and contrast agent was used. The scanning protocol was the routine thorax, i.e. a voltage of 120 kV (children and adults), tube currents of 45 mA for children and 100 mA for adults, a pitch factor of 1.4, and a total collimation width of 19.2 mm.

CTDIvol Value

CTDIvol valueswere obtained from CTDIw as in Eq (1).
              			(1)
The CTDIvol dose is the output dose of the device or CT scanner. Its value in this study was obtained from the Digital Imaging and Communications in Medicine (DICOM) dose report.

Calculation of Dw and SSDE
In general, the value of Dw can be calculated based on the average Hounsfield Unit (HU) from the value of the region of interest (ROI) and the area of the ROI (AROI) using Eq.(2) [12,13]. The SSDE value was the product of CTDIvol and a size conversion factor (CF) (Eq.(3)).
	                          (2)
                                         (3)

The Dw and SSDE values were automatically calculated from the axial images using the Matlab-based IndoseCT software R2015a [14].

Correlation Body Weight and CTDIvol, Dw, SSDE
The relationships between body weight and (a) Dw (b) CTDIvol, and (c) SSDE were conducted using regression analysis with OriginPro 9.0. Comparisons between men and women patients were performed.

RESULTS AND DISCUSSION

Relationship between body weight and Dw
Fig.1 presents the relationship between body weight and Dw for all the patients. Based on Fig.1, it can be seen that the linear relationship between body weight and Dw is obtained with a value of R2 = 0.51 which is considered moderately good enough to describe linearity [15]. Previous studies reported that the relationship between body weight and Dw had a weak correlation (R2 = 0.47) or moderate correlation (R2 = 0.69) [8].
The relationships between body weight and Dw for women and men patients separately are shown in Fig.2. It shows linear relationships between body weight and Dw for both women (R2 = 0.43) and men (R2 =0.55). These are not significant differences.

Correlation between body weight and CTDIvol
Fig.3 shows a linear relationship between body weight and CTDIvol for all 100 patients with R2 = 0.25. The relationships between body weight and CTDIvol for men and women patients separately are shown in Fig.4. The R2 are 0.28 and 0.19 for men and women patients, respectively, which is not a significant difference. Value of R2 < 0.5 indicate that the relationship between two variables is weak [15]. This is due to the effect of using tube current modulation (TCM) techniques  [16]. The TCM is a technique to automatically adjust the tube current based on the size of the patient, so that the radiation dose was not increased for small patient size [17].

[image: ]
Fig.1. Relationship between body weight and Dw for a combination of women and men patients.

[image: ]
Fig.2. The relationships between body weight and Dw for women and mean patients separately.

The relationship between weight and SSDE

Fig.5 shows the relationship between body weight and SSDE for all 100 patients with R2 = 0.095. The relationships between body weight and SSDE for men and women patients separately are shown in Fig.6. The correlations between body weight and SSDE are with R2 = 0.093 for women and R2 for men = 0.097, which is not a significant difference. The correlations between the two show a very weak correlation with R2 < 0.1, indicating that the implementation of TCM was successful in maintaining constant patient dose even for the small patients.
	
[image: ]
Fig.3. Relationship between body weight and CTDIvol for all 100 patients.
[image: ]
Fig.4. Relationship between body weight and CTDIvol for women and mean patients separately.

The average values of CTDIvol, Dw, and SSDE for women, men, and a combination of both are tabulated in Table 1. It shows that the diameter of women is slightly larger (1.35%) than men, due to the impact of mammae in the women patients. Although TCM was implemented, due to the higher size of women patients, the dose to the women patients was slightly smaller than men patients (2.38% and 2.91% for CTDIvol and SSDE, respectively).
[image: ]

Fig.5. Relationship between weight and SSDE for all 100 patients.
[image: ]
Fig.6. The relationships between body weight and SSDE for women and mean patients separately.

Table 1. Average values of CTDIvol, Dw, and SSDE in chest examination.
	Variable
	Women
	Men
	Women and Men

	
	(mean ± standard deviation)

	CTDIvol (mGy)
	5.4 ± 1.9
	5.6 ± 1.9
	5.5 ± 1.7

	Dw (cm)
	21.6 ± 3.4
	21.4 ± 3.9
	21.5 ± 3.6

	SSDE (mGy)
	9.2 ± 2.3
	9.2 ± 2.3
	9.0 ± 2.0



CONCLUSION

There is a linear relationship between weight and Dw with R2 around 0.5. Hence, if the patient size is not available to estimate patient dose, the patient size can be estimated using weight. Due to the application of the tube current modulation (TCM) technique, there was no difference in patient doses (CTDIvol and SSDE) due to patient weight. In this study, there were no significant differences in results between male and female patients.

ACKNOWLEDGMENTS

This work was funded by Riset Publikasi Internasional Bereputasi Tiggi (RPIBT), Diponegoro University (Contract Numbers: 329-116/UN7.6.1/PP/2020).

REFERENCES

[1]	M. Yogi, K. Surender, L. Jadi, S. Chavan, P. Prathiba, Int. J. Otolaryngol. Head &amp; Neck Surg. 05 (2016) 59–64.
[2]	S. Ericson, J. Kurol, Eur. J. Orthod. 10 (1988) 115–120.
[3]	A. du Plessis, B.J. Olawuyi, W.P. Boshoff, S.G. le Roux, Mater. Struct. Constr. 49 (2016) 553–562.
[4]	A.R. Jung, J.L. Roh, J.S. Kim, S.H. Choi, S.Y. Nam, S.Y. Kim, Oral Oncol. 95 (2019) 95–99.
[5]	G.K. Ataç, A. Parmaksız, T. İnal, E. Bulur, F. Bulgurlu, T. Öncü, S. Gündoğdu, Diagnostic Interv. Radiol. 21 (2015) 428–434.
[6]	American Association of Physicists in Medicine (AAPM), Rep. AAPM Task Gr. 204 (2011).
[7]	C. Anam, D. Adhianto, H. Sutanto, K. Adi, M. Hanafi, 28 (2020) 695–708.
[8]	J. Xu, X. Wang, P. Yang, K. Luo, X. He, Biomed Res. Int. 2020 (2020).
[9]	R.D.A. Khawaja, S. Singh, B. Vettiyl, R. Lim, M. Gee, S. Westra, M.K. Kalra, Am. J. Roentgenol. 204 (2015) 167–176.
[10]	S. O’Neill, R.G. Kavanagh, B.W. Carey, N. Moore, M. Maher, O.J. O’Connor, Eur. Radiol. Exp. 2 (2018) 0–7.
[11]	A. Misra, N. V. Dhurandhar, Nutr. Diabetes 9 (2019).
[12]	C. Anam, I. Arif, F. Haryanto, R. Widita, F.P. Lestari, K. Adi, (2018) 1–8.
[13]	I. Barreto, N. Verma, N. Quails, C. Olguin, N. Correa, T.L. Mohammed, J. Appl. Clin. Med. Phys. 21 (2020) 87–94.
[14]	A. Fahmi, C. Anam, Suryono, M.H. Ali, A. Jauhari, Polish J. Med. Phys. Eng. 25 (2019) 229–235.
[15]	M.M. Mukaka, Malawi Med. J. 24 (2012) 69–71.
[16]	J. Menke, Radiology 236 (2005) 565–571.
[17]	C. Anam, F. Haryanto, R. Widita, I. Arif, G. Dougherty, J. Phys. Conf. Ser. 694 (2016).

1. 

image1.png
10

R*=051

D,

7 omensme

= 0.134 x bodyweight +14.39

+ Bodyweight vs Dw Women and Mer]

2 % 4 0 6 7 8 0
Body Weight (kg)




image2.png
104

Rpn = 0,55
Dy pore = 0.14x bodyweight+14.27

" Dyyomen
.
© Dypen
Riwen = 0,43 - Body weight vs D,
Dyp pmen = 013 x bodyweight 1451 | —— Bodyweight vs D, ...

0

T
10 20 30 40 5 60 70 80 90

Body Weight (kg)




image3.png
CTDIvol(mGy)

20

R =0.25
CIDI, ;. orriomen = 0.044 x bodyweight +3.127

+ CTDI

'vol, women and men)

0 1 2 3 4 0 e 70 8
Bodyweight (kg)

90




image4.png
20

R%pn=0.28
CTDI,, ,,, = 0.049x bodyweight+3.047

=
)
£
3
Ed
=)
I N
O 09 Rluomen=0.19
CIDI ;e = 0.036 x bociyweight +3.404
o ol ...
= cmoi
—— Body weight s CTDI,, ...
- Body weight s CTDI,_,__
-10 T 7 7 T T T T T
0 10 20 2 40 5 60 70 8 90

Body Weight(kg)




image5.png
SSDE(mGy)

204

3
h

R*=0.095

SSDE, 1 rsmen = 0.033 * bodyweight +7.27

+ SSDE vs Bodyweight Women and Mer]

0 40 % e 70 s
Body weight (kg)

90




image6.png
20

SSDE(mGy)
¢

Rpen=0.004
SSDE,, =0.037 x bodyweight=17303

2 © SSDE,..
Rlvomen=0.093 = SSDE,,
SSDE, = 0.032 x bodiyweight=1.161 |—— bodyweight vs SSDE,,,
bodyweight vs SSDE,__|

10 20 30 40 5 60 70 80
Body weight(kg)

90




