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Abstract 
Background and Objective: Nowadays, Computer Tomography is one of the 
best radiological imaging technics which can give right diagnostic information, 
among the detection of multiphasic adenomas, the detection of cardiac, cere-
bral and vascular abnormalities. Although these good qualities, this technic is 
too radiant for the patient. In this paper, we based on the irradiation doses 
delivered from the current protocols to find a practical method of their opti-
mization during the pediatric cranial scan. Materials and Methods: This 
work relies on a collection of data from patients in the hospitals, so that ana-
lyze them, give the conclusions and, propose an optimal practical method to 
decrease the irradiation doses. To collect data, we performed a prospective 
study of seventeen months (from December 2017 to May 2019) carried out 
simultaneously in three hospitals of the city: The Centre Medical la Cathédrale 
(H1), the Yaoundé Central Hospital (H2) and the Yaoundé Gyneaco-Obstetric 
and pediatric hospital (H3). This study included a total of 192 cases of cere-
bral trauma, of which 11 cases excluded for incomplete information. The do-
simetry quality control (CTDIvol) using the PMMA phantoms of 16 cm and 
32 cm fulfilled. The scanographic parameters of the patient acquisition pro-
tocol were recorded and analyzed. Some of those parameters were modified 
and entered the CT with the help of a biomedical engineer to reduce the deli-
vered dose. The relationship between CTDIvol and kV is statistically signifi-
cant (p < 0.05) to identify significant differences in obtained results before 
and after the optimization of protocols. Results: Among patients, 172 are 
boys, and the remaining 9 are girls all were in the 0 to 15 age group. CTDIvol 
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values varied from 34.2 mGy to 107.8 mGy and PDLs from 107.8 mGy.cm to 
2214.5 mGy.cm in H1. In H2, CTDIvol varied from 5.8 mGy to 44 mGy and 
PDLs from 91.4 mGy.cm to 665.5 mGy.cm. CTDIvol varied between 9.34 
mGy to 92.81 mGy and PDLs from 162.38 mGy.cm to 2713.67 mGy.cm in 
H3. All values are taken at 75th percentile, with or without contrast injection. 
Conclusion: The implementation of the optimization of protocols requires 
the display of the CT parameters to use and to respect during the traumatic 
brain tests. With displaying and respecting protocol, the CTDIvol decreased 
by almost 50 per cent. 
 

Keywords 
Computed Tomography, Dose Optimization, Pediatric Cranial Scans,  
Protocol 

 

1. Introduction 

The development of treatment technics in healthcare improved during those 
last years. Thus, new devices and equipment allow today to the diagnosis, moni-
toring and treatment of complex diseases. Computed tomography (CT) is one 
of the medical imaging equipment whose performance improves every year. 
The first CT was invented in 1970 [1]. Today, the number of pediatric CT has 
considerably increased [2], mainly due to the improvement and availability 
of scanners in the hospitals and the medical imaging laboratories. CT is a high- 
performance medical imaging technic. However, it is also highly irradiating 
compared to conventional radiography. Its practice is not without consequent in 
the life of patients because the risk of induced death by radio cancer for a Sievert 
has estimated at 14 per cent a birth versus 1 per cent at age 75, although the de-
bate about ionizing radiation effects is still divergent [3] [4]. The risk assessment 
of induced radio cancer for CT scans performed before the age of 10 is between 
0.001‰ (per thousand) and 10‰ (per thousand) depending on the type of ex-
amination and the age of the patient [1]. Secondary effects occur in the short 
terms following high doses of radiation. Those effects can be “deterministic”, in 
the low dose range (<1 Gy), or “stochastic” that appear late depending on the 
dose received [5]. Technological progress in CT has considerably improved the 
performance of equipment. However, they have not helped to reduce the deli-
vered dose, and they could even increase it by allowing faster acquisitions on 
large volumes of exploration. The delivered doses remain poorly appreciated 
because of a lack of indexes dosimetry references for relevant measures available 
on our equipment, and, also the absence of a team set up for the improvement of 
display and the compliance of protocols.  

The optimization of irradiation doses during CT exam is a big challenge today. 
Many types of research conducted to reduce those doses and keep the quality of 
captured images for the right diagnosis. In this paper, we focus mainly on irradia-
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tion doses during the pediatric cranial CT. The objective of this work is to deter-
mine delivered irradiation doses from the current protocols to find a practical 
method of their optimization during the pediatric cranial CT. The paper organized 
as follows: Section 2 reviews published methods in the field. In Section 3, materials 
and methods are exploited to collect data throughout our work. Section 4 presents 
our results concerning the optimization of protocols during the CT exam. Those 
results are analyzed and discussed also—a conclusion provided in Section 5. 

2. State of the Art 

In 2014, Thomas Nelson said that a good team for improvement of display and 
the compliance of protocols must be composed by a radiologist, a medical phy-
sicist, and a technologist [6]. The radiologist is the clinical expert that justifies 
the prescription of CT scan in children and defines the imaging task. A medical 
physicist is a clinical expert who can suggest the CT parameters and technics so 
that the radiation doses of the child patients are As Low As Reasonably Achieva-
ble (ALARA). The technologist is the clinical expert in implementation, workflow 
and provides insight into the practical limitations and modifications of the pro-
posed protocol [7]. The big challenge today is the achievement of diagnostic im-
ages while optimizing the child patient doses. That reduces the harmful effects of 
x-rays in those children. The radiation protection in pediatric is an old concern 
and dose reduction on CT has been a goal of paediatricians for many years [8] 
[9]. Our country (Cameroon) ranked at the bottom of the scale (171st out of 188 
countries) of a report of the countries offering better health conditions, recently 
published by the global mobility burden evaluated by WHO [10]. It shows that 
the quality of care remains to be improved, and that does not exclude the med-
ical imaging sector, specifically pediatric CT. CT is used in some hospitals even 
so the devices often suffer to obsolescence, lack of qualified technicians, poor 
maintenance, mishandling, lack of restraint, caches and instability of electricity. 
This has consequences for patients who are supposed to treat. 

Several authors have examined the work of CT generally in the world and par-
ticularly in Cameroon. In [11], Biwele Sida et al. worked on the contribution of 
CT in the diagnosis of pancreatic pathology in Cameroon. Their work focused 
on adults, and they have not performed the optimization of irradiation doses 
[11]. In 2014, Guegang et al. proposed an evaluation of irradiation doses of adult 
patients with CT ultrasound [12]. They did not work on optimization, display 
and esteem protocols. Moifo et al. performed work on the determination of clin-
ical values or electroencephalography of variables that could predict brain scan 
abnormalities in childhood epilepsy [13]. Ongolo Zogo et al. proposed an evalu-
ation of dose in pediatric CT [14]. They put a point of emphasis on the display of 
protocols. However, the study was not focused on protocol optimization. In [15], 
Lambert et al. showed that the reduction and optimization dose in CT might be 
influenced not only the CT protocol but also many other factors alone the entire 
CT workflow. These are pre-scan tips and post-scan factors. In the pres-can tips, 
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there are scanography parameters, scout of view (CT localizer), the excellent po-
sitioning of patients in the gantry too. In the post-scan, there are reconstruction 
approach and iterative reconstruction algorithms [6] [15] [16] [17] [18] [19]. 
According to Kofler et al. in 2014, the emphasis placed on a team approach that 
team constitutes of one radiologist, one physicist and one technologist [7]. That 
core team worked together carefully evaluates proposed improvements [7] [15] 
[17] [19]. 

Based on the authors and to the best of our knowledge, none researches per-
formed a study, especially on irradiation doses during the pediatric cranial CT, 
to reduce the irradiation doses from the current protocols. This drawback is the 
main objective of this paper. Indeed, we determine the delivered irradiation 
doses from the current protocols to find a practical method of their optimization 
during the pediatric cranial CT. 

3. Methods and Materials 

A prospective study performed over 17 months (December 2017-May 2019). 
Dosimetry quality control (CTDIvol) is performed using the PMMA phantoms 
of 16 cm and 32 cm. The scanographic parameters of patient’s protocols acquisi-
tion are raised and analyzed. Some of these parameters are modified and intro-
duced in the scanner with the help of biomedical engineer in order to reduce de-
livered doses. The data raised during pediatric exams. The H1, H2 and H3 hospit-
als are equipped respectively with TOSHIBA Aquilion 128 bars scanners in-
stalled in January 2015, HITACHI 16 bars installed in December 2016 and Neu-
soft Neuviz 16 bars installed in December 2015. These three scanners are 
equipped with child protocols and offer the possibility to change the voltage and 
the load. These medical imaging services account around 85 per cent of pediatric 
imaging activity in the Yaoundé city, which has a population of 2.3 million in 
2018 [20]. All these structures are also training centres for radiologists and med-
ical imaging technicians. 

The study population consisted of all children aged 0 to 15 years. The data 
collection form, inspired by an IRSN model for dosimetry evaluations in CT, in-
cluded the following items: hospital, CT scan type, patient’s first and last names, 
sex, weight, clinical information, FOV, patient parameters examination (the high 
voltage, the mass load (mAs), current modulation (mA), thickness in mm, pitch 
and doses delivered (CTDI in mGy, and PDL in mGy.cm) as seen in Table 1. 
Table 1, Table 2 and Table 3 provide us with an example of kind of data col-
lected from H1, H2 and H3. We notice that each of these hospitals used different 
manufacturers. 

The data have been collected simultaneously in H1, H2 and H3. At the same 
time, we have used the data from registry records and CT central memory. The 
examination reports provided the clinical information and the area to be 
scanned. Exams conducted all the time with the presence of technician and 
sometimes with a radiologist when there are disturbing cases. Subsequently, 
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protocol optimization is proposed and displayed in the H1. The irradiation doses 
after protocol optimization are recorded and analyzed. The technicians do not 
always respect the new protocol optimization during examinations. This opti-
mized protocol introduced into a scanner with the help of a biomedical engineer 
who comes to Cameroon for maintenance work. 

R software is used to representing the box plots that allowed us to see the ob-
served dose in most patients. ANOVA in Minitab for calculating frequencies of 
qualitative variables means standard and median deviations of quantitative va-
riables. The values of effective doses are compared to those of IRSN. 

 
Table 1. Pediatric CT scan data collected from H1. 

Name of Hospital: H1 Manufacturer: Toshiba Aquilon 128 barrettes 

Parameters 
 

    N˚Patient 

Age 
(Years) 

Gender 
Rotation 

Time 
Acquisition 

Type 
kV mAs 

Total Scan 
Time 

Thickness FOV Pitch CTDIvol PDL 

1 11 F 0.75 Helical 100 150 19.36 0.5 201.56 0.656 34.2 687.10 

2 4 F 0.5 Helical 100 150 14.61 0.5 193.1 0.656 34.2 704.2 

3 with PDC 5 F 0.75 Helical 120 150 34.79 0.5 193 0.656 103 2149 

4 with PDC 15 F 0.75 Helical 120 187 18.47 0.5 195 1.656 97 2210 

5 with PDC 1 F 0.75 Helical 120 187 17.34 0.5 184.69 1.656 92.34 2023 

6 1 M 0.5 Helical 100 75 15.09 0.5 166.88 0.656 17.10 369.2 

7 1 M 0.5 Helical 100 75 13.42 0.5 172 0.656 17.10 309.4 

8 2 F 0.5 Helical 100 75 12.71 0.5 190.31 0.656 17.10 283.7 

9 9 M 0.5 Helical 100 75 13.4 0.5 162.82 0.656 17.10 309.4 

10 with PDC 9 M 0.5 Helical 100 150 35.54 0.5 190.31 0.656 68.40 1476.8 

 
Table 2. Pediatric CT scan data collected from H2. 

Name of Hospital: H2 Manufacturer: HITACHI: 16 bars. 

N˚ 
Age 

(Years) 
Gender 

Rotations 
Time (s) 

Acquisition Type 
Tension 

(kV) 
mAs FOV Pitch 

CTDI v 
(mGy) 

DLP (mGy.cm) 

1 10 M 0.75 Helical 100 169.3 197 0.65 12.8 251 

2 8 F 0.5 Helical 100 81 210 0.65 6.2 114.4 

3 3 M 0.5 Helical 120 81 193 0.65 9.7 230.2 

4 1 M 0.5 Helical 100 82.5 208 0.65 6.3 116.1 

5 3 M 0.75 Helical 100 174.5 195 0.65 13.2 242.7 

6 8 M 0.5 Helical 100 10.3 220 0.65 6.6 173.4 

7 3 M 0.75 Helical 120 153.6 189 0.65 18.2 382.8 

8 10 M 0.5 Helical 100 81 205 0.65 6.2 146.5 

9 3 M 0.5 Helical 120 78 220 0.65 9.4 221.7 

10 4 M 0.5 Helical 120 84 202 0.65 6.4 135.1 
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Table 3. Pediatric CT scan data collected from H3. 

 Name of Hospital: H3 Manufacturer: Neusoft neuviz 16 bars 

N˚ 
Age 

(Years) 
Gender 

Rotation 
Time (s) 

Acquisition 
Type 

Tension 
(KV) 

Charge par 
Coupe (mAs) 

FOV Pitch 
CTDIv 
(mGy) 

PDL (mGy.cm) 

1 1 M 0.5 Helical 180 160 151 0.671 10.51 199.21 

2 13 M 0.5 Helical 90 151 190 0.671 9.34 203.27 

3 1 M 0.5 Helical 180 151 165 0.671 9.94 167.59 

4 1 M 0.5 Helical 180 151 193 0.671 9.94 188.43 

5 with PDC 6 H 0.75 Helical 120 151 218 0.671 48.2 1148.745 

6 1 M 0.75 Helical 120 151 150 0.671 23.44 420.61 

7 with PDC 15 M 0.75 helical 120 160 202 0.671 24.79 986.96 

8 5 M 0.5 Helical 120 159 203 0.671 24.73 469.58 

9 with PDC 12 M .075 Helical 120 160 208 0.671 74.19 1552.69 

10 with PDC 13 F 0.5 helical 120 160 207 0.671 24.8 593.52 

4. Results  

That study included 181 cases of head trauma among which 9 girls and 172 boys 
all included in the age group 0 to 15 years, either percentage of girls is 5 per cent 
and 95 per cent of boys, with 84 patients in H1 hospital, either 42 before or 42 
after optimization, 48 to H2 and 49 to H3. CTDIvol ranged from 34.2 mGy to 
107.8 mGy and, the PDLs between 107.8 mGy.cm and 2214.5 mGy.cm in H1. In 
H2, CTDIvol is between 5.8 mGy and 44 mGy and, DLPs between 91.4 mGy.cm 
and 665.5 mGy.cm. CTDIvol is between 9.34 mGy and 92.81 mGy and DLP be-
tween 162.38 mGy.cm and 2713.67 mGy.cm in H3. All these values have been 
obtained at 75th percentile, with or without contrast injection. At H1, before op-
timization, the median was 51.50 mGy and the average 56.89 mGy for CTDIvol. 
The median DLPs were 909.35 mGy.cm and average 1069.24 mGy.cm. After op-
timization in the same hospital, the median CTDIvol is 23.15 mGy, for an aver-
age of 31.51 mGy. The median DLP is 446.4 mGy.cm, and the average is 97.40 
mGy.cm. The voltages have values between 90 kV and 120 kV and the intensity 
of 80 mA at 374 mA and the charge per cup varying between 41.5 mAs and 187 
mAs in the three hospitals. 

From these results, it follows that the highest irradiation doses are those of the 
H1 hospital even after optimization. The lowest values are those of H2 hospital 
with CTDIvol values between 5.8 mGy and 44 mGy and a median of 9.6 mGy. 
The DLPs between 91.4 mGy.cm and 695.5 mGy.cm with a median of 218.35 
mGy.cm. We can see the box plot displayed in Figure 1, the variation of the 
CTDIvol in Figure 2 and the variation of the DLP in each hospital. Figure 3 and 
Figure 4 present the variation of the DLP according to the age groups. The op-
timization of protocols in H1 hospital allowed a dose reduction of approximately 
50 per cent. These optimization parameters displayed in Table 4. Unfortunately, 
two months later in that hospital, the tube was changed by another biomedical en-

https://doi.org/10.4236/ojrad.2019.94017


C. A. Takam et al. 
 

 

DOI: 10.4236/ojrad.2019.94017 187 Open Journal of Radiology 
 

gineer to our absence, and the previously introduced optimization parameters 
aren’t done. Then the dose increases in some child patients when the technicians 
do not adjust the parameters. After optimization of H1 hospital protocols, CTDIvol 
decreased by 50 per cent compared to baseline doses.  

 

 

Figure 1. Variation of the CTDIvol in H1, H2 and H3 before the optimization 
of the protocols. 

  

 

Figure 2. DLP variation in H1, H2 and H3 hospitals and place before optimi-
zation. 

 

 

Figure 3. Variation of DLPs according to age groups. 
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Figure 4. Variation of DLP by hospital and age group. 
 

Table 4. Optimization of protocol used in H1. 

Age Groups Tension in (kV) Intensity in (mA) Rotation Time in (s) 

[0 - 1[ 100 150 0.5 

[1 - 5[ 100 200 0.5 

[5 - 10[ 100 200 0.5 

[10 - 15] 100 200 0.75 

CTDIv1: Radiation dose in the H1 hospital before protocol optimization. CTDIv2: Radiation dose in the H1 
hospital after protocol optimization. CTDIvh: Radiation dose in the hospital H2. CTDIvg: Radiation dose in 
H3 hospital. 

 
The area graph shown in Figure 5 allows us to see the decrease of CTDIv1 

before optimization and CTDIv2 after the protocol optimization. Figure 6 
presents the linear graph of averages showing the variation of CTDIv1 and 
CTDIv2 as a function of age groups after the protocol optimization. During 
scanner examinations, technicians could lower voltage values from 100 kV to 90 
kV after injection of contrast media to get better images. According to the DRL 
in Europe, the CT head is 58 mGy [21]. In our country, it is estimated at 51 
mGy. The decrease of the voltage remains in the majority of cases compatible 
with the use of the dose reduction software’s (contrarily to the charge) [22]. A 
decrease in the voltage of 20 per cent decreases the dose to almost 50 per cent. 
Optimization can also go through by an iterative reconstruction because when 
they are used, the voltages are low. Currently, in hospitals, these use only for the 
improvement of the images after the examination. The technicians reduce the 
noise and not the dose. Time constraints favour the helical mode to the axial 
mode, which radiates less. The length of the scan should be taken into account. 
Although CTDIvol values of H1 hospital still high compared to other hospitals 
(H2, H3), CTDIvol values for all hospitals, including those after the optimization 
of protocol, can be seen on the area graph display in Figure 7.  
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Figure 5. Area graph showing the decrease CTDIv1before to CTDIv2 after the protocol 
optimization. 

 

 

Figure 6. Linear graph of averages showing the variation of CTDIv1 and CTDIv2 as a 
function of age groups after the protocol optimization. 

 

 
Figure 7. Area graph in hospitals after optimization. 
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4. Discussion 

For the dosimetry indicators, one need two parameters such as CTDIvol that is an 
indicator of tissue dose that accounts for the average dose distribution (CTDIw) 
in the exposed volume during 360˚ (pitch) tube rotation and DLP which gives 
information on the emitted dose in function of length explored during the ac-
quisition [23].  

w
vol

CTDI
CTDI

pitch
=                         (1) 

volDLP CTDI length explored= ×                   (2) 

The CTDIvol is controlled during the installation of the scanner and each tube 
change, the gap between the CTDIvol display and measure should not exceed 
±20%. The radiological risk is taken into account by the effective dose (E) in mSv, 
which can be estimated from the DLP using conversion factors (eDLP) [24]. 

E DLP eDLP= ×                          (3) 

According to the generalized linear model, we can notice that the age has a 
significant influence on the DLP, and, compared to less than one year, the others 
age groups have a higher dose, unfortunately. However, compared with the H1 
hospital, the other hospitals record significantly lower doses. Figure 1, Figure 2 
and Figure 3 show the variations of the CTDIvols and DLPs in H1, H2 and H3 
hospitals before protocol optimization. In the moustache box (Figure 1), we see 
that CTDIvol values are higher than two other hospitals. In H2, high doses do not 
achieve low doses of H1 and H2 hospitals. In Figure 1 and Figure 2, the pooled 
standard deviation was used to calculate the intervals. We can also notice that 
the dose varies positively according to the load per cut and also according to the 
high voltage (the latter cannot usually be interpreted because of non-significance 
of the associated coefficient. We find that the DLP increases with the ageing pa-
tient regardless of the hospital centre (Figure 4). That can be seen through me-
diating values of doses that are higher for the age group [10 - 15] years. However, 
there are also higher overall dose values at H1 than anywhere else. Given the high 
dose values in the H1 hospital, the optimization of the protocol is necessary. The 
hereinabove parameters have been chosen in Table 4 to perform optimization. 
After that CTDIvol lower about 50 per cent. Measurements on 16 cm and 32 cm 
PMMA phantoms in each hospital are compared to Nelson’s phantom measure-
ments in 2014. The measurements were done for the calibration of the computer 
tomography. Figure 4 shows the change in DLPs by age groups and in each hos-
pital. The variances assumed to be equal for the analysis. Factor information: the 
analysis of variance allows to say that at the threshold of 5 per cent, the DLP varies 
significantly by age groups, concerning trauma cases.  

In Figure 5, the DLP is highest for age groups [5 - 10[ and [10 - 15] for H1 
than H2 and H3 hence the need to optimize protocols in H1 hospital, in addition 
to seeing the low doses of H3 hospital. Figure 5 shows how, after the protocol 
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optimization one has low doses of irradiation (CTDIv2) in red colour before op-
timization, one has blue colour (CTDIv1). This area graph shows that protocol 
optimization is essential. Figure 6 shows how, before the optimization of the 
protocol, we have a blue linear graph which has high values CTDIv1. Figure 7 
presents the CTDIvol of all hospitals. Although the diagnostic reference level is 
not regulatory limits [25], they are optimization tools that allow evaluation of its 
practices [26] [27]. 

5. Conclusion 

The implementation of the optimization of protocols requires the display of the 
cranial parameters to be used and adhered to during brain examinations. That 
has resulted in a reduction of CTDIvol of 50 per cent. A follow-up survey shows 
that 20 per cent of exams do not comply with the new protocol. That requires 
weekly awareness sessions for directors of brain injury CT scans for the imple-
mentation of optimization (use the scanner settings displayed). Emphasis should 
be placed on the justification and practice of pediatric cancer, mainly as MRI 
compensates for the failure of the scanner. Nowadays, the different intelligence 
architecture for dose optimization and image analysis are proposed based on big 
data and machine learning [28]. In our future work, we plan to use CT image 
captured with a low dose and built a Machine Learning model based on a con-
volutional neural network to perform intelligence interpretation. We will pro-
pose an optimal big data architecture with convolutional neural network for 
dose optimization in CT pediatric cranial scan  
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Abstract 
Consequences of breast, head and neck cancers (HNC) radiotherapy are 
common among developing country patients; hence the aim of this work was 
to assess the impact of HNC (nasopharyngeal, laryngeal and hypopharyngeal 
and parotid) radiotherapy in thyroid and lungs functions. The data (tumor 
dose, dose histogram) has been retrieved from treatment planning system 
(TPS) and the thyroid hormones (T3, T4 and TSH) level pre/post radiotherapy 
was measured by radioimmunoassay (RIA) technique. Ages (18 - 55 for HNC 
and 20 - 65 for breast cancer) derived from PACS and respiratory rate (RR) 
assessed by counting the number of breathing/minutes. The analyzed data 
using Excel showed that: the impact of HNC without parotid and supraclavi-
cular irradiation was significant (P = 0.00) reduction on T3 & T4, and in-
creasing TSH hormones relative to applied tumor dose. The average doses 
(2.8, 30, 32, 33 and 20.5 Gy) received by thyroid gland from irradiation of 
parotid, larynx, breast, hypopharynx and nasopharynx respectively reduced 
T4/T3 hormones to 125.9/0.8, 109/0.6, 67.8/0.4, 33.9/0.3 and 105.8/0.7 respec-
tively and increased TSH to 4.5, 6.3, 8.1, 11.5 and 0.65 mU/l respectively. The 
RR increased significantly (P = 0.05) from 19.1 ± 3.6 to 22.1 ± 3.4 in average 
due to tangential fields irradiation of breast. Conclusion addressing that: 
conventional radiotherapy for HNC & breast induce a significant reduction in 
thyroid hormones and increment of RR. 
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1. Introduction 

The malignant tumors originated in head and neck representing 9th most com-
mon cancer and threatening diseases where being disseminated over the world 
which striking throat, larynx, hypopharynx, nasopharynx, nose, sinuses, parotid 
and mouth [1] that denoted by head and neck cancer (HNC). The annual inci-
dence had been estimated between 400,000 - 600,000 and mortality rate between 
223,000 - 300,000 deaths/year [2]. Regionally, these malignancies represented the 
most top ten in South East Asia and India [3] [4]. Among these cancers; naso-
pharyngeal carcinoma (NPC) showed a rising rate in Asia, Middle East, North 
Africa and peaked in Southern China [5]. In Saudi Arabia, NPC has been de-
creased by a factor of 2.9% annually since 1990 with mortality value of 0.68 
deaths per 10,000 men in 2013, which was higher compared among women as 
0.33 per 10,000 women [6]. It ranked at 18 with an incidence of 1.7% based on 
international classification of diseases 2018 [7]. The encouraging aspect for con-
sidering NPC is its consequences, late discovery among Saudis’ population (70% 
of patients presented with stage III and IV) [6] [8] and the induced hypothy-
roidism due to conventional radiation therapy. 

In Sudan, NPC represented 6% of all cancer cases based on Sudan Cancer Re-
gistry (SCR) records, and 7% based on Radiation Isotope Center-Khartoum 
(RICK) and having a male to female ratio of 2.6:1 respectively [8]. The recent 
Sudan cancer registry (2018) showed that: NPC ranked at 17 and the incidence 
as 1.8%. The patients with NPC presented for medication with advanced stages 
as 68%, 65.97%, and 15.58% for stage IV, III, and II respectively [9]. Also, La-
ryngeal cancer is ranked at the 14th most common cancer worldwide and it is 
the most common cancer among HNC [8]. In Sudan during 2014-2016, Laryn-
geal cancer represents 95.1% as common among Sudanese male as well as re-
ported by other scholars [10] [11] [12]. In Saudi Arabia, it ranked at 25 with an 
incidence of 0.63% in 2018 based on international classification of diseases 2018 
[7]. Hypopharyngeal carcinoma (HPoPC) (carcinoma originated at pharyngoe-
sophageal junction (postcricoid), pyriform fossa, and posterior pharyngeal wall) 
has been encountered in radiation centers in Saudi Arabia and represented 0.2%. 
The involved anatomical parts showed 28.3% and 19.9% and 52.9%, for 
post-cricoid, pyriform fossa and both sites respectively. It has a survival rate of 
16% - 25% irrespective to treatment models such as surgery and radiation ther-
apy [13]. And it ranked at 29 with an incidence of 0.21% based on international 
classification of diseases 2018 [7]. While in Sudan, it ranked at 27 with an inci-
dence of 0.44%. However, it has been increasing in western regions of Sudan 
(Dilling, Kadogli and Nuba Mountains) and predominantly among the ages of 
15 - 19 years and one at 50 - 54 years with male to female ratio of 2.6:1. The 
common presented cases for treatment represented stage II (15.58%) and III 
(65.97%) [9].  

Breast cancer represents one of the most top common cancers among Saudi 
women with 21.8% [14]. In recent survey of cancer-related mortality among Saudi 
women; breast cancer represented as the 9th leading cause of death [15] [16]. 
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While Ibrahim et al. [17] predicted that: the incidence percent of breast cancer 
will increase over the next few decades as the population grows and ages. Com-
paring that with Sudan; breast cancer has been representing as top (ranked at 1) 
most common cancer among Sudanese female with incidence of 22.1%. It has 
been managed by different treatment modalities such as surgery, radiotherapy, 
chemotherapy and hormonal therapy [18]. The radiotherapy (RT) is commonly 
given to eradicate the residual microscopic cancer cells after operation or for 
palliation or adjuvant treatment, hence commonly accompanied by radiation 
sickening extended from mild to severe side effects. The side effects under focus 
in this research are the physiological effects of thyroid gland and the lung due to 
external radiotherapy of the HNC and the breast cancers. Thyroid dysfunction 
commonly develops after ionizing radiation therapy at therapeutic doses 225 - 
4300 cGy [19]. Also, in the same realm, Bonato et al. [20] have reported that: the 
hypothyroidism is very common in survivors of childhood cancer treated with 
external beam radiation. In the study carried out by Laway et al. [21]; they showed 
that: the primary hypothyroidism often develops as a result of radiotherapy to the 
cervical region in therapeutic doses (30 - 70 Gy) in patients with head and neck 
cancer and the mean time for development of hypothyroidism was 4.5 months. 
Relative to radiation effect in the lungs that maintaining the level of oxygen and 
carbon dioxide in arterial blood, some scholars [22] [23] [24] revealed that: 
breast cancer irradiation leading to pneumonitis of Grade I (16%) and II (4.9%) 
after 6 months of RT course. And more over: Lopez et al. [25] showed a reduc-
tion in lung diffusing capacity for carbon monoxide (DLCO) among the majori-
ty of the patients after RT with modern techniques which furtherly affecting the 
mean normal respiratory rate (MRR) which is 19 breath/ minute [26]. 

Therefore, the main focus of this work is on the accompanied hypothyroidism 
and respiratory incompetence due to HNC & breast irradiation respectively. 
And the general objective of this study is to correlate the level of thyroid hor-
mones (T3, T4, TSH) with the applied prescribed carcinocidal radiation dose, de-
termine the hormones level at specific committed radiation dose in addition to 
RR after Nasopharyngeal, hypo-pharyngeal, laryngeal, parotid and breast carci-
noma with respect to applied conventional radiotherapy technique. 

2. Method 

The following research conducted as a retrospective study targeting the patients 
underwent RT course and have been examined for white blood count WBC, red 
blood cells (RBCs), respiratory rate and further for thyroid hormones. The rele-
vant data have been accessed and retrieved from picture archiving computerized 
System (PACS) of cancer treatment centers after signature of the informed con-
sent by the patients and based on the approval of the ethical committee of the 
University addressed to hospitals. The total samples were 80 patients for naso-
pharyngeal, laryngeal, hypo-pharyngeal, and Parotid carcinomas and 100 pa-
tients for breast cancer. The sample ages were 18 - 55 for HNC and 20 - 65 years 
for breast cancer. The target volumes with relative radiation field sizes verified 
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by using simulator and pentogram shown in Figure 1. The radiation dose re-
ceived by thyroid gland retrieved from the dose histogram obtained by PlanW- 
Treatment Planning System for Radiotherapy (Version 3.0.2017) with its quality 
controlled verified based on Benedick et al. [27] and IAEA [28] method. The ap-
plied prescribed carcinocidal doses were 4500 - 5250 cGy for breast cancer, 6000 - 
6500 cGy for nasopharyngeal, laryngeal/hypo-pharyngeal and Parotid carcino-
mas. The RT machine used for irradiation was 60 co-teletherapy machine with 
conventional collimator.  

Thyroid hormones: Tri/tetra iodothyronine and Thyroid Stimulating Hor-
mone (T3, T4, TSH) have been measured from the withdrawal blood samples as 
15 cc from each patient using disposable syringe and collected in three dry glass 
tubes (5 cc/tube for each patient) with anticoagulant and immediately centri-
fuged at 2000 rpm (rotation per minutes) for 5 minutes and the amount of sepa-
rated serum assessed by using Radio-immunoassay kits (DPC, USA) on Gam-
mamatic II gamma counter (Contron, Switzerland) to determine the amount of 
T3, T4 and TSH for all cases pre/post radiotherapy course, and as well the WBC 
and RBCs that stored in patient’s file in PACS. 

 

 
Figure 1. Simulation images showed (a) Larynx simulation two opposing 
fields sparing the tracheostomy, (b) hypopharynx simulation two opposing 
fields including the posterior cervical lymph nodes, (c) anterior supraclavi-
cular simulation field targeting supra/infra-clavicular and cervical lymph 
nodes, (d) CT image of parotid gland and (e) pentagram for breast tangen-
tial fields with dose histogram done by PlanW-Treatment Planning System. 
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3. Results 

The results present the scattered plot correlation for received dose in cGy versus 
thyroid hormone level for irradiated HNC and breast (Figures 1-5), while Fig-
ure 6 shows the average dose received by thyroid gland from each irradiated case 
versus the level of thyroid hormones (T3, T4, and TSH). Figure 7 presents the 
correlation of respiratory rate (RR) versus ages of patient’s pre/post radiotherapy 
course. 

4. Discussion 

Up to date, the conventional radiotherapy has been a common and main tech-
nique to eradicate the residual cancer cells post operation, and further could be 
given as pre-operation (enhancing operation technique) or palliative treatment 
in developing countries. However, the consequences due to irradiation still  

 

 
Figure 2. The correlation between the applied prescribed carcinocidal radiation 
dose for nasopharyngeal carcinoma and the relative thyroid hormones level as a 
reduction impact on T3 and T4 and increasing impact on TSH levels. 

 

 
Figure 3. The applied prescribed carcinocidal radiation doses for Laryngeal 
carcinoma irradiation and the relative thyroid hormonal level as a reduction 
impact on T3 and T4 and increasing impact on TSH levels. 
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Figure 4. The applied prescribed carcinocidal radiation doses for Hypopharyngeal 
carcinoma irradiation and relative thyroid hormonal level as a reduction impact 
on T3 and T4 and increasing impact on TSH levels. 

 

 
Figure 5. The applied prescribed carcinocidal radiation doses for supraclavicular 
field of (targeting cervical, supra/infra clavicle and axillary lymph nodes) breast 
carcinoma irradiation and relative thyroid hormonal levels as a reduction 
impact on T3 and T4 and increasing impact on TSH levels. 

 

 
Figure 6. The applied prescribed carcinocidal radiation doses for Parotid carcinoma 
irradiation and the relative thyroid hormonal level as a reduction impact on T3 
and T4 and increasing impact on TSH levels. 
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Figure 7. The average dose received by thyroid gland from each irradiated case 
(Parotid, Larynx, Breast, Hypopharynx and Nasopharynx) and the relative 
level of thyroid hormones (T3, T4, and TSH). 

 
prominent and turning the scholar’s attention. Figures 2-6 show the correlation 
between the applied tumor dose for HNC and the relative influenced hormonal 
levels in logarithmic scale. In which thyroid hormones T4 and T3 decreased sig-
nificantly (R2 = 0.7 and 0.8) in a linear form following the radiation dose incre-
ment as correlated in equations: y = −0.1816x + 1219 and y = −0.0021x + 13.724 
respectively and TSH increased significantly (R2 = 0.8) following the radiation 
dose increment as correlated in equation: y = 0.0016x − 9.6036, for nasopharyn-
geal irradiation. For laryngeal irradiation, the correlations were fitted to equa-
tions: y = −0.1008x + 684.42 and y = 0.0402x − 236.43 (T4 and T3) and y = 
−0.0008x + 5.0432 (TSH). For hypopharyngeal irradiation, the correlations were 
fitted to equations: y = −0.16x + 1063.3 and y = 0.0243x − 143.22 (T4 and T3) 
and y = −0.0013x + 8.4887 (TSH). For supraclavicular of breast irradiation, the 
correlations were fitted to equations: y = −0.0708x + 408.05 and y = 0.003x − 
10.825 (T4 and T3) and y = −0.0024x + 13.527 (TSH). For parotid gland irradia-
tion, the correlations were fitted to equations: y = −0.2677x + 1778.9 and y = 
−0.0087x + 56.702 (T4 and T3) and y = 0.0076x − 44.97 (TSH), where x refers to 
radiation dose in cGy and y refers to the level of hormones in nmol/l for all cor-
related equations. The t-test has been carried out for the level of hormones 
pre/post irradiation with references to normal levels (T3: 0.8 - 3.0 nmol/L, T4: 
50 - 150 nmol/L, TSH: 0.4 - 4.0 mu/L) which was showed significant impact at P = 
0.00, for nasopharyngeal, larynx, hypopharynx and P = 0.05 for breast and paro-
tid gland irradiation. The reduction of hormones could be ascribed to damage or 
inhibition of the active follicular epithelium and reduce the number of function-
al follicles; or it may reduce the vascular permeability or may trigger immuno-
logic reactions leading to histological changes, as reported by Mizukami et al. 
[29]. Also, Jung et al., [30] showed that: numerous numbers of abnormal small 
follicles were observed in the thyroid tissues of rats which were surrounded by 
cuboidal or columnar epithelium on days 4 and 7 after irradiation and inflam-
matory cells were observed in the inter-follicular areas. While Chougule and 
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Kochar [31] found that the levels of T4 & T3were decreased significantly (p < 
0.001, p < 0.005 after irradiation. In previous studies, scholars [32] [33] [34] 
stated that: the HNC irradiation results in hypothyroidism in at least 50% of pa-
tients. The increment of TSH could be ascribed to a reduced level of T4 and T3 
in the circulating blood that triggers and stimulate the production of TSH by the 
pituitary gland.  

In supraclavicular irradiated field for breast, despite the radiation field was 
partially encompassing the thyroid gland compared with the cases of HNC 
however the impact was so significant due to large penumbra profile of the 60Co 
source of teletherapy machine as well as inadequate shielding during radiothe-
rapy session which furtherly led to shoulder joint stiffness for some patients.  

The radiation dose received by thyroid gland Figure 7, due to Nasopharynx, 
parotid, larynx, breast and hypopharynx irradiation were 20.5, 2.8, 30, 22 and 33 
Gy respectively that reducing significantly (p = 0.00 − 0.05) the thyroid hormone 
T3 to (0.7, 0.8, 0.6, 0.4, 0.3) and T4 to (105.8, 125.9, 109, 67.8, 33.9) and TSH to 
(0.7, 4.5, 6.3, 8.1, 11.5) respectively. Such results agreed with study done by Rei-
nertsen et al. [35] and Smith et al. [36] where they noticed about 18% and 14% 
of the patients developed post radiotherapy hypothyroidism respectively due to 
31 Gy average dose. 

Based on the literature highlighted by Johansen et al. [37]; Ahmed et al. [38] 
and Chaurasia et al. [39]; the impact of irradiation in thyroid depends on vo-
lume of the thyroid, applied dose for cancer case, fields distribution, planning 
method, applied technique and the type of radiotherapy machine in addition to 
gender and the age. The general HNC irradiation has been noticed to cause hy-
pothyroidism among 48% of patients underwent radiotherapy course [40]. Ac-
cording to such findings, the applied radiotherapy technique and the number of 
radiation fields distribution have to be verified seriously with usage of modern 
treatment planning systems with multi-leave collimators facilities and the worth 
to be recommended is the usage of intensity modulated radiation therapy 
(IMRT) as it gives modular radiation intensity concise with the tumor density 
and thickness in addition to precise shaping of the radiation field relative to tu-
mor extension and sparing the adjacent vital organs. 

The respiratory rate (RR) pre/post radiotherapy course has been assessed 
based on the number of inspirations per minute by direct observation of the pa-
tient chest wall rises and falls. The scattered plot (Figure 8) showed significant 
(P = 0.00) increment of RR (22.1 ± 3.4) post radiotherapy course (average re-
ceived dose 12.6 Gy from tangential fields, patient supine) compared with 19.1 ± 
1.6 breath/minute before irradiation (Normal RR = 20 breath/minute [41]. Fur-
ther side effects noticed among the patients were coughing and shoulder joint 
stiffness. The procedure of radiation therapy adjacent to thyroid gland and lung 
better implemented using intensity modulated radiation therapy IMRT or even 
volumetric modulated arc therapy that would not lead to such a significant radi-
ation effect [42]. 
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Figure 8. Shows the scattered plot to correlate between age in years and 
respiratory rate for irradiated patients (Ca. breast tangential fields) pre and 
after RT course, tumor dose 4500 5000 cGy. 

5. Conclusion 

The conclusion addressing that: conventional radiotherapy for HNC & breast 
induce a significant reduction in thyroid hormones and increment of RR, lead-
ing to the necessity of using IMRT. 
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