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Abstract 
Objective: The aim of this study was to develop a simple predictor model to 
diagnose malignancy by using ultrasound features of thyroid nodules and the 
association with cytopathological diagnosis obtained by fine needle aspira-
tion. Materials and Methods: The likelihood of malignancy from ultrasound 
features was assessed in thyroid nodules obtained by fine-needle aspiration 
biopsy (FNAB) according to cytopathological findings reported using Be-
thesda System. A score was developed depending on the presence of each ul-
trasound feature evaluated. Results: 429 nodules were assessed, 103 (24%) 
were malignant. The following ultrasound features were associated with ma-
lignancy, according to the logistic regression analysis and were assigned a 
score of 0, +1, +2 depending on the presence or absence of each one: hypoe-
chogenicity, solid appearance, irregular margins, microcalcifications, absence 
of a halo, diameter of ≥10 mm and intranodular vascular flow. The area un-
der the curve of the proposed model was 0.900, demonstrating its predictive 
capacity. 4 risk categories were stablished based on the score obtained. Ma-
lignant nodules scored higher than the benign nodules (7.24 ± 1.87 vs. 3.74 
± 1.83). Conclusions: The proposed predictive model demonstrated to be 
useful and easy to apply when stratifying thyroid nodule risk of malignan-
cy using presented US features and applying the proposed risk categories 
to increase the accuracy at selecting nodules that need to be studied with 
FNA. 
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1. Introduction 

The incidence of thyroid cancer has increased in recent years. The increase in its 
detection is mainly due to the use of diagnostic methods such as ultrasound (US) 
[1] [2] [3]. Early diagnosis and management have had an impact in the reduc-
tion of mortality rates. The worldwide mortality rate has also experimented a 
decrease. During 2010 in most of the countries, mortality rates according to sex 
were situated between 0.20 and 0.40 among men, and 0.20 and 0.60 in women. 
Nevertheless, mortality in women that lived in Ecuador, Colombia and Israel 
was over 0.60/100,000 [2]. 

Ultrasound assessment of thyroid nodules remains as the most important 
exam for the diagnosis approach due to its capacity of detecting potentially ma-
lignant thyroid nodules often not palpable and unsuspected. Up to 67% of the 
population may present a thyroid nodule, however, less than 10% are malignant 
[4] [5]. 

During the last decade, various authors, associations and international socie-
ties have proposed systems for the ultrasonographic categorization of thyroid 
nodules in order to classify, select and detect potentially malignant lesions that 
requires confirmation through fine needle aspiration biopsy (FNAB) [5] [6]. 

Similar to BI-RADS, some of these proposed models aim to stratify, stan-
dardize and facilitate communication of results among radiologist and clinicians 
in order to start treatment of malignant lesions or perform a FNAB and begin 
the follow-up of intermediate suspicious lesions [7]. 

Numerous authors have submitted different TIRADS (Thyroid Reporting and 
Data System) that had been validated among a wide variety of population. Nev-
ertheless, those systems are often criticized because of its lack of practicality or 
reproducibility, for this reason none of the current TIRADS classification sys-
tems has been universally accepted [4] [8] [9] [10]. 

The aim of this study was to develop a diagnostic predictor model based on 
qualitative ultrasound features of thyroid nodules that underwent FNAB, in or-
der to discriminate between benign nodules and nodules that are suspicious of 
malignancy. 

2. Materials and Methods 
2.1. Study Design and Population 

This retrospective study was performed in 429 thyroid nodules that underwent 
US-guided FNAB during January of 2014 to November of 2017 at our imaging 
institute (ALPHA Imagen, Quito, Ecuador) which is a tertiary referral center 
that receive patients from several health institutions from all over the country.  

The present paper modified and improved the initial classification proposed 
by one of our co-authors, previously presented in 2014 as a retrospective study 
of 1135 thyroid nodules analyzed at our center and published as part of a Ra-
dio-diagnostic dissertation thesis at the Postgraduate Institute of the Central 
University of Ecuador (Mosquera M. & Luzuriaga M., 2014). 
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This study was approved by our institutional review board. Informed consent 
for the FNAB was obtained from all of the subjects. A minimum nodular size 
was not determined to be included as part of this study.  

The histopathological results of the samples obtained by FNAB were reported 
according to the Bethesda classification system [11]. Nodules were included in 
this study if they had a confirmed malign cytopathological diagnosis (V or VI 
category). The control nodules needed to have a confirmed benign diagnose to 
be included and were randomly selected among 429 samples obtained during 
this period. Thyroid nodules with undetermined diagnosis were excluded (I, III 
and IV categories) as well as patients under an age of 18 and incomplete infor-
mation or missing data. 

2.2. Ultrasound Assessment and US-Guided FNAB Procedure 

US examinations and US-guided FNAB were performed by one expert radiolo-
gist (20 years of experience) and three radiologists with less than 10 years of ex-
perience under the expert supervision. 

Thyroid US examination was performed with a 10 - 14 MHz high frequency 
transducer (MINDRAY, DC8 model) provided with high resolution images in 
2D, tissue harmonics, color and power Doppler, spectral Doppler and Strain 
Elastography. Real time US-guided FNA was performed with a 1¼ inch long 23 
G needle on a 20 mL vacuum aspiration system (MD. TECH) 

Ultrasound findings were reported and classified instantly by the radiologist 
in the electronic formulary. Nodules were assessed and classified according to 
the presence or absence (Yes vs. No) of the following characteristics proposed in 
our Thyroid Ultrasound Predictor Model (ALPHA Score) and to the practicality 
found with this method (Table 1). US features from the ACR-TIRADS 2017 
score were also registered [12]. 
 

Table 1. Suspicious ultrasound features used to create the predictor model of malignancy in thyroid nodules (ALPHA SCORE). 

US NODULE FEATURE DEFINITION REFERENCE 

HYPOECHOIC 

Hypoechogenicity lower than thyroid parenchyma. Includes mild hypoechogenicity (lower 
than thyroid parenchyma but higher than strap muscle that surrounds it), moderate  
hypoechogenicity (similar to the muscle that surrounds it), marked hypoechogenicity 
(higher than the surrounding muscle. Hypoechogenicity associated with subsequent  
acoustic reinforcement is not included. 

[14] [15] [16] 

SOLID More than 90% of the consistency of the nodule is solid. [16] 

IRREGULAR MARGINS 
Irregular or lobed margins. No demarcation can be seen in more than 50% of the limits of 
the nodule. 

[8] [10] [15] 
[17] 

ABSENCE OF A HALO Unidentifiable hypoechogenic halo that surrounds nodule or parenchyma. [4] [18] 

DIAMETER ≥ 10 MM Size of the diameter of the nodule greater than 10 millimeters in the decimal system. [19] 

MICROCALCIFICATIONS 
Internal or peripheral hyperechogenic points less than 2 mm with/without acoustic shadow. 
Associated to or immersed in liquid or colloidal tissue are not included. 

[17] [20] 

CENTRAL 
FLOW/INTRANODULAR 

VASCULAR FLOW 
Any degree of intranodular vascular flow present. [21] [22] 
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FNA samples were fixed, labeled and sent to the pathologist at a unique labor-
atory (Axxis Medicine Laboratories, Quito, Ecuador). The analysis of histopa-
thological samples was performed by 3 expert pathologists. The results were re-
ported using The Bethesda System for reporting thyroid cytopathology (2011) 
[13]. 

2.3. Statistical Analysis 

The first stage of analysis was performed in a sample of 429 nodules. Continuous 
variables are described as a mean standard deviation (SD). The distribution of 
malignancy frequency among groups and US features were compared using the 
chi-squared test (X2) and Fisher exact test.  

A univariate logistic regression analysis was applied to estimate the associa-
tion of each US feature and the cytopathological findings to obtain a likelihood 
predictor. Odds Ratio (OR) was calculated with a confidence interval of 95% 
(CI) for each US feature. The second stage of this study consisted in a paired 
analysis with a randomly selected sample of confirmed malignant (cases) and 
benign (controls) nodules. A univariate analysis and a logistic regression model 
were also applied. 

The prediction model and score design used the OR from each US feature 
previously obtained by the logistic regression model analysis. Different values 
were assigned to each feature (0, 1, 2) and the final score allowed further classi-
fication of the nodule based on the estimated risk. The receiver operating cha-
racteristic (ROC) curve was also obtained (IC 95%). 

For all of the statistical analyses, we used the statistical software SAS Univer-
sity Edition (version 6p.2/6p.2.688de4662a09-1-1; SAS Institute Inc., Cary, NC, 
USA). Statistical significance was assumed with a p value less than 0.05. 

3. Results 

Among the 429 nodules that were evaluated, 326 (76%) were classified as benign 
and 103 (24%) as malign according to the cytopathological results. Table 2 
summarizes the main demographic results as well as ultrasound findings. Mean 
age of patients was 53.9 years ±14.7 (range between 18 to 87 years old). There 
was no statistical significant difference between sex and the cytopathologic di-
agnosis (p = 0.556). 

Malignant nodules obtained significantly higher values when the following US 
findings were present: hypoechogenicity, solid, irregular margins, absence of 
halo (p < 0.001). Bivariate analysis demonstrated the association between each 
US feature and the likelihood of malignancy as shown by the cytopathological 
results.  

In the subsequent analysis in the group of paired cases (cases/controls), using 
a logistic regression model, the same ultrasonographic characteristics were asso-
ciated with the greater or lesser probability of malignancy and the independent 
association of these was determined as predictors of malignancy based on the 
ultrasound patterns that showed significance (p < 0.001). 
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Table 2. Statistical Analysis. 

PARAMETER 
Benign 

(II) 
Malign 
(V-VI) 

Total 
OR 

(IC 95%) 
P value 

LOGISTIC 
REGRESSION 

PAIRED SUBANALYSIS 
(103 cases vs 103 controls) 

SCORE 
OR 

(IC 95%) 
P value 

LOGISTIC 
REGRESSION 

PATIENTS 
(NODULES) 

326 (62.14%) 103 (24%) 429 - - - -  -  

AGE (YEARS)       -    

Median 56 ± 14.1 46.1 ± 13.9  - - - -  -  

GENDER           

M 60 (18.4%) 16 (15.53%) 76 - - - -  -  

F 266 (81.6%) 87 (84.47%) 353    -  -  

US FEATURES           

HYPOECHOIC 116 (35%) 80 (77.67%) 196 
6.29 

(3.75 - 10.55) 
<0.001 

4.18 
(2.18 - 8.00) 

4.85 
(2.64 - 8.90) 

<0.001 
1.24 

(0.45 - 3.41) 
1 

SOLID 174 (53.37%) 96 (93.2%) 270 
11.98 

(5.39 - 26.58) 
<0.001 

6.13 
(2.46 - 15.28) 

15.11 
(6.4 - 35.7) 

<0.001 
15.08 

(4.3 - 52.90) 
2 

IRREGULAR 
MARGINS 

37 (11.35%) 46 (44.66%) 83 
6.30 

(3.75 - 10.57) 
<0.001 

3.65 
(1.92 - 6.93) 

15.81 
(5.94 - 42.1) 

<0.001 
11.04 

(4.41 - 35.69) 
2 

MICROCALCIF
I-CATIONS 

68 (20.86%) 68 (66.02%) 136 
7.37 

(4.52 - 12.00) 
<0.001 

6.46 
(3.59 - 11.63) 

9.82 
(5.07 - 19.03) 

<0.001 
6.98 

(3.0 - 16.22) 
2 

ABSENCE OF A 
HALO 

118 (36.2%) 18 (17.48%) 136 
0.37  

(0.21 - 0.65) 
<0.001 

2.23 
(1.12 - 4.44) 

0.34 
(0.18 - 0.66) 

<0.001 
2.45 

(0.99 - 6.07) 
1 

DIAMETER 
≥ 10 mm 

226 (69.33%) 85 (82.52%) 311 
2.08 

(1.19 - 3.65) 
<0.001 

3.17 
(1.57 - 6.41) 

2.03 
(1.05 - 3.93) 

<0.001 
3.24 

(1.25 - 8.45) 
1 

CENTRAL 
FLOW 

213 (65.34%) 76 (73.79%) 289 
1.49 

(0.81 - 2.44) 
<0.001 

1.26 
(0.65 - 2.45) 

1.64 
(0.9 - 2.98) 

0.13 - 1 

 
Nevertheless, intranodular vascularity (central flow) was the only US finding 

with a non-significant P value (p = 0.130). No significant difference was found 
among age or gender in this subgroup analysis (p = 0.84 and p = 0.57). 

Malignancy Predictor Model: ALPHA Score 

We developed a predictor model based on the logistic regression analysis of ul-
trasound features and a specific score according to their association with the li-
kelihood of malignancy (Table 2). The design of the qualitative score consisted 
in assigning a score depending on the presence or absence of the US feature 
measured and according to the likelihood associated with malignancy. The 
maximum possible score was 10 and minimum 0. Nodules with a malignant re-
sult scored higher than benign ones (7.24 ± 1.87 vs. 3.74 ± 1.83). The ROC curve 
obtained an area under the curve (AUC) of 0.9009 with a sensitivity of 47.6% 
and a specificity of 98.1% (Figure 1 and Figure 2). 

Prevalence of malignancy in nodules that scored 2 to 3 in the model was less 
than 1.9% (n = 2) and were categorized as low suspicion of malignancy. The cu-
toff point that separates the highly suspicious of malignancy category from  

 

DOI: 10.4236/ojrad.2018.84022 195 Open Journal of Radiology 
 

https://doi.org/10.4236/ojrad.2018.84022


M. Glenn et al. 
 

 
Figure 1. Box plot and receiving operating characteristic (ROC) curve. (A) Score ob-
tained using the predictor model based on US features classified and histopathological 
results according to Bethesda system. (B) ROC curve was obtained to determine the cu-
toff with the highest sensitivity and specificity for the risk stratification proposed in the 
score. 
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Figure 2. ALPHA score ultrasound features: Solid consistency (+2 point), Irregular 
margins (+2p), Microcalcifications (+2p), Hypoechoic appearance (+1p), Diameter ≥ 10 
mm (+1p), Central vascular flow (+1 p). © Images property of ALPHA Image, Radiology 
and Interventionism Institute, Quito, Ecuador. (A) Central flow (+1p). TOTAL 1/10; (B) 
Central flow (+1p), Diameter ≥ 10 mm (+1p). TOTAL 2/10; (C) Irregular margins (+2p), 
Diameter ≥ 10 mm (+1p). TOTAL 3/10; (D) Solid consistency (+2p), Central flow (+1p), 
Diameter ≥ 10 mm (+1p). TOTAL 4/10; (E) Solid consistency (+2p), Hypoechoic ap-
pearance (+1p), Central flow (+1p), Diameter ≥ 10 mm (+1p). TOTAL 5/10; (F) Solid 
consistency (+2p), Hypoechoic appearance (+1p), Absence of a halo (+1p)Central flow 
(+1p), Diameter ≥ 10 mm (+1p). TOTAL 6/10; (G) Solid consistency (+2p), Irregular 
margins (+2p), Hypoechoic appearance (+1p), Central flow (+1p), Diameter ≥ 10 mm 
(+1p). TOTAL 7/10; (H) Solid consistency (+2p), Irregular margins (+2p), Hypoechoic 
appearance (+1p), Absence of a halo (+1p), Central flow (+1p), Diameter ≥ 10 mm (+1p). 
TOTAL 8/10; (I) Solid consistency (+2p), Irregular margins (+2p), Microcalcifications 
(+2p) Hypoechoic appearance (+1p), Absence of a halo (+1p), Diameter ≥ 10 mm (+1p). 
TOTAL 9/10; (J) Solid consistency (+2p), Irregular margins (+2p), Microcalcifications 
(+2p) Hypoechoic appearance (+1p), Absence of a halo (+1p), Diameter ≥ 10 mm (+1p), 
Central flow (+1p). TOTAL 10/10. 
 
moderately suspicious of malignancy was 7, which was the median score ob-
tained by malignant nodules according to Bethesda system. Otherwise, nodules 
that scared 0 to1 were classified as benign (Table 3). 

Later, a sub-analysis was performed looking to compare the score obtained by 
nodules using the ACR TIRADS 2017 and our examination of the same nodules 
with our score system. We determined that nodules classified as highly suspi-
cious of malignancy scored 4.4 (±0.62) using ACR TI-RADS, whereas that mod-
erate and low suspicion scored 3.6 (±0.79) and 2.5 (±0.91) respectively. On the 
other hand, the benign nodules obtained 1.8 (±0.66) with the ACR TI-RADS 
score (Figure 3). 
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Table 3. Risk stratification categories for thyroid nodules suggested by the ALPHA Score according to US assessment. 

SCORE OBTAINED BENIGN MALIGN SUGGESTED CATEGORY SUGGESTED CONDUCT 

0 - 1 
(E: 89%) 

8.6% (28) 0% (0) BENIGN Routine follow-up 

2 - 3 
(S: 1.94% E: 63%) 

30.7% (100) 1.9% (2) LOW SUSPICION OF MALIGNANCY Reassess in 6 months 

4 - 6 
(S: 35% E: 56%) 

50.3% (164) 35% (36) MODERATE SUSPICION OF MALIGNANCY FNAB: routine 

≥7 
(S: 63% E: 91%) 

10.4% (34) 63% (65) HIGH SUSPICION OF MALIGNANCY FNAB: Mandatory 

n = 429 100%(326) 100% (103)   

 

 
Figure 3. Distribution of nodules classified according to ALPHA Score risk categories (X 
axis) and the respective score obtained using ACR-TIRADS 2017 (Y axis). Risk categories: 
(A) benign, (B) Low suspicion of malignancy, (C) Moderate suspicion of malignancy (D) 
High suspicion of malignancy. 

4. Discussion 

This study allowed to observe the association between a new US scoring system 
(Alpha Score) and malignancy likelihood. Since current use of US has increased 
the detection of thyroid nodules, FNA procedures to exclude malignancy had 
also increased [23] [24]. 

The limited familiarity of TIRADS classification systems and other prediction 
models among physicians might lead to an over use of FNABs while at the same 
time the excess of TIRADS publications may have generated confusion about the 
approach and optimal use of FNAB as a diagnostic exam.  

While it is true that several international guidelines focus on ultrasound as-
sessment of the thyroid nodule before deciding whether to aspirate it or not, 
various authors coincide that better and easy alternative guidelines are needed in 
order to facilitate communication between patients and physicians [10]. 
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However, TIRADS was developed based on BI-RADS, a well-known classifi-
cation system that has been widespread by the American College of Radiology 
(ACR) and initially applied to breast imaging and was designed to standardize 
the reports and the radiographic language, facilitate the evaluation, reduce the 
number on biopsies and suggest a specific therapeutic conduct. Nevertheless, in-
termediate categories remain as a challenge because the management usually in-
cludes imaging follow-up and confirmation through biopsy [9] [10] [25]. As a 
matter of fact, category IV from BI-RADS and TIRADS and its sub classifica-
tions A, B and C have generated many criticisms regarding its application, re-
producibility and diagnostic effectiveness, in addition to generating a significant 
increase in diagnostic time for the selection and application of the score.   

During the last few years, several authors have centered their research to de-
termine the reliability and accuracy of the most used TIRADS. In 2014, in 
France, Moifo et al. used the Russ modified TIRADS (2013) aiming to assess the 
malignancy predictive capacity of it. The results presented in their study vali-
dated the proposed classification and also analyzed 4 of the ultrasound features 
that demonstrated higher association with malignancy like irregular margins 
(OR: 22.4), wider-than-taller nodules (OR: 19.5), microcalcifications (OR: 15.2) 
and marked hypoechogenicity (OR: 12.7), values that are very similar to our 
findings, however, authors concluded that more evidence is needed to ensure a 
wider application [14] [16] [26]. This background is interesting because, as 
Kwak et al. stated in their work back in 2011, a single ultrasound feature with a 
higher association (OR) correlates stronger with malignancy rather than two 
minor features together [10]. 

In 2017, in Brasil, Delfim et al. presented a new modified TIRADS after ana-
lyzing the predictive power of 23 ultrasound characteristics with remarkable re-
sults that shown at least 9 features highly associated with malignancy using a bi-
variate analysis that couldn’t remain as significant predictors after multivariate 
analysis. Among these features are: non-ovoid shape, macrocalfications, absence 
of a halo, regular/irregular-thick halo, crystal colloid, hyperechogenicity and 
spongiform appearance, whilst a blurred margin was negatively associated with 
the likelihood of malignancy. Only absence of a halo demonstrated to be an in-
dependent predictor feature after the logistic regression analysis, while nodular 
vascularity and its criteria might need to be reformulated in further research de-
spite the evidence presented in other studies [4] [18] [20]. 

As presented in studies by authors like Horvath et al., Russ et al. and others, 
scoring systems that stratify risk in 5 or more categories, a higher frequency of 
malignancy is usually found between intermediate to high risk categories 
(TIRADS 3, 4A, 4B). This tendency was also present in our study, but we only 
used 4 risk categories, of which the first 2 were very specific to exclude malig-
nancy.  

In this regard, our findings allowed us to infer that most cases of malignancy 
will present with the most common malignancy US patterns leading to the decision 
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to perform an FNA. This interpretation should be taken with caution because, 
according to a multi-center study conducted in Korea, 7.3% of malignant nodules 
did not present any suspicious feature on ultrasound [17]. This last-mentioned 
study does not necessary relate to our experience and possibly among other au-
thors, who agree that all malignant nodules usually present a wide variety of US 
predictors. 

A limitation of this study was the number of nodules included (selection bias), 
despite the distribution of malign and benign results are similar to other studies, 
we excluded multiple nodules and excluded results classified as Bethesda I, III 
and IV, that will certainly deserve a further analysis in the future, due to evi-
dence that links some US findings as strong predictors of malignancy in follicu-
lar neoplasms (e.g. intranodular/central flow) [21]. 

In addition, our study did not also include elastography which can be consi-
dered a limitation due to the widely accepted tendency to use this method for 
thyroid nodule assessment. However, our objective is that the applicability and 
interpretation of our score remains simple, easy to use in our country as well as 
other countries where the disposition of standardized equipment is not fully 
available. On the other hand, elastography is not included in other classification 
systems or in the latest edition of the American Thyroid Association (ATA) nor 
the ACR, probably due to the lack of evidence on use of strain and quantitative 
elastography (shear wave and similar) [9] [10] [27]. 

One strength of our study was the availability of cytopathological studies for 
all samples obtained. Unfortunately, the design of this study did not contemplate 
having a long-term follow-up since the main objective for its use is the adequate 
selection of suspicious nodules to undergo an FNA procedure. We will consider 
a future study that contemplates the correlation of our results with post-surgical 
outcomes in selected groups to obtain further information about the accuracy of 
our prediction model.  

5. Conclusion 

In conclusion, the proposed model proved to be useful and easy to apply when 
stratifying thyroid nodule risk of malignancy using US features presented here 
and applying the proposed risk categories. The replication of this study needs to 
be considered within a multi-center design to validate it and possibly facilitate 
therapeutic decisions in the management of thyroid disease. 
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Abstract 
Background: Schwannoma is a benign tumor derived from Schwann cells. 
The most common location was cerebellopontine angle (CPA). Neurilem-
moma originated from the thyroid gland is very rare. Purpose: To discuss the 
diagnosis and treatment of cervical vagal schwannoma and the causes of mis-
diagnosis and preventive measures. Case Presentation: A case of cervical 
vagal schwannoma misdiagnosed as nodular goiter by ultrasonography was 
analyzed retrospectively. This patient was found to have pain in the neck for 1 
month and then went to our hospital for treatment. After admission, a 5 cm × 
4 cm mass was found on the left side of the neck, with a medium texture and 
clear margin. It could move with swallowing. Initially ultrasound showed a 
well circumscribed hypoechoic mass in the left thyroid lobe, which is sugges-
tive of hemorrhage of thyroid nodule. Biopsy of thyroid nodules after ultra-
sound guided biopsy revealed Schwannoma. Surgical treatment and post-
operative pathological examination confirmed cervical vagal schwannoma. 
The patient recovered well and was discharged 9 days after operation. Con-
clusion: The location of thyroid schwannoma is rare, the relationship be-
tween thyroid schwannoma and surrounding tissues is unclear, and there is 
no typical ultrasonic manifestation. Moreover, if doctors are not aware of 
their knowledge, it is easy to cause misdiagnosis. Radiologists should raise 
awareness of the disease and carefully analyze the results of ultrasonography 
in combination with the clinical manifestations of the patients so as to reduce 
or avoid misdiagnosis of cervical schwannoma. 
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1. Introduction 

Schwannoma, also known as Schwann cell tumor, is a benign tumor originating 
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from the nerve sheath. Those in the head and neck accounted for 25% to 45% of 
the schwannoma [1]. The main sources were sympathetic nerve (26.9%), brachi-
al plexus (23.6%), vagus nerve (21.8%), cervical plexus (9.8%) and hypoglossal 
nerve (3.6%) [2]. Schwannomas of the head and neck may present as nodules of 
the thyroid, regardless of the presence of cervical or (rarely) intrathyroid lesions 
[3] [4] [5]. The occurrence of thyroid is extremely rare, and there are few re-
ported cases. Recently, a patient with cervical schwannoma was admitted to our 
hospital. In the medical system of Macau, this case is reported because the dis-
ease is rare and no similar cases have been reported. The report is as follows. 
This case report was approved by our hospital ethics committee. 

2. Case Presentation 

A 21-year-old male presented with our hospital with a 1-month history neck 
swelling and pain. He had no previous radiological examination, denied any 
history of head and neck radiation, and no family history of thyroid disease. The 
patient also denied any symptoms of hypo- or hyperthyroidism. His physical 
exam showed an enlarged lump on the left thyroid region and the mass can 
move with swallowing. Laboratory showed normal thyroid function test. On 
imaging, neck ultrasound showed a well circumscribed hypoechoic mass without 
calcification, the size was about 4.5 × 5 cm in dimension and the mass is not se-
parable from thyroid tissue (Figure 1). Then fine needle aspiration (FNA) was 
performed under ultrasound guidance. The pathological result of FNA showed 
suggestive of neural sheath tumor. Computed tomography was performed that 
showed a 4.5 cm × 6.0 cm × 4.3 cm, fusiform hypodense mass found in the left 
lower cervical region, it is well-demarcated with adjacent structures; the left 
thyroid lobe, esophagus, trachea, the left common carotid artery and left jugular 
vein are compressed by the mass (Figure 2). 
 

 
Figure 1. Transverse ultrasound image. A well circumscribed hypoechoic image, which is 
intrinsic with the left thyroid lobe.  
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Figure 2. A 4.5 cm × 6.0 cm × 4.3 cm, fusiform hypodense mass found in the left lower 
cervical region, it is well-demarcated with adjacent structures; the left thyroid lobe, eso-
phagus, trachea, the left common carotid artery and left jugular vein are compressed by 
the mass. 
 

Intraoperatively, the tumor was between the jugular vein and the carotid ar-
tery, deeply relation with the cervical spine, probably the mass is originated from 
a branch of the vagus of the Frenic nerves. The mass was removed completely 
and sent for pathological examination. The final pathology confirmed the diag-
nosis of schwannoma. The wound healed well after operation. No recurrence 
was observed by ultrasonography. 

3. Discussion  

Schwannoma is a benign tumor originated from peripheral nerve Schwan cells 
[6] [7]. The etiology of primary schwannoma is not yet clear. Its pathogenesis 
may be related to neurofibromatosis-2 (NF-2) gene inactivation [8]. Some au-
thors believe that schwannomas may originate from the internal thyroid nerves 
[6] [9] [10]. Schwannoma grew slowly. Most of them originated from cervical 
plexus, cervical sympathetic nerve and vagus nerve in head and neck. The most 
common sites of head and neck were parapharyngeal space and cervical lateral 
area. In General, the neck mass is clear and generally without obvious symp-
toms. However, some cases have been reported with clinical manifestations of 
pain, dysphagia, dysphagia, facial erythema and dysphonia [11] [12]. It is re-
ported that schwannoma in the head and neck accounts for 25% to 45% of all 
schwannoma. Most of the schwannomas occur at the age of 20 - 40 [13]. There is 
no difference in gender [14] [15]. 

The diagnosis of schwannoma is mainly based on clinical manifestations 
and imaging examinations. Pathological examination is the final diagnosis [16]. 
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Imaging examinations of schwannoma include ultrasound, CT and MRI. Ultra-
sound is a non-invasive and radiative examination. Therefore, it is mostly used 
in the nature of tumor, which is solid or cystic. Most of the ultrasonographic 
findings were hypoechoic and clearly defined masses. But the location is hard to 
ascertain. It is often mistaken for thyroid or salivary masses. The case was in-
itially diagnosed by ultrasound and misdiagnosed as thyroid mass. 

The sensitivity of CT and MRI in diagnosing schwannoma is higher than that 
of ultrasound. In the literature, schwannomas show diversity. It can be characte-
rized by low density, equal density or high density, and variable Texture (inho-
mogeneous or homogeneous) and CT enhancement [17] [18]. Inhomogeneity is 
attributed to cystic degeneration, xanthoma-like changes, or relatively hypocel-
lular areas adjacent to dense cells or collagen areas [19]. Schwannoma is a neop-
lasm with hypovascularity, but images are obtained within 60 seconds after in-
jection of contrast medium. The main reason is that the venous drainage is not 
good, resulting in the accumulation of contrast medium, which mimics vascular 
excessive lesions and can show significant enhancement. MRI findings of 
schwannoma include low to medium signal intensity on T1WI, inhomogeneous 
high signal intensity on T2WI, and inhomogeneous post-gadolinium enhance-
ment [18] [20]. In addition, there are other features, such as elliptical masses 
along the trunk of the nerve. 

The target sign. On T1WI, the central region showed a moderate signal and a 
low signal on the edge. In the T2WI display center area, the signal is heteroge-
neous, the edge is hyperintensity, and the capsule is hyperintensity. 

Fat tail sign. The intermuscular fat or nerve bundles around the upper and 
lower poles of the schwannoma encircled fat to form fat tail syndrome [21]. 

Surgical treatment is the first choice for schwannomas. After complete resec-
tion, the recurrence rate is low. Surgery should be done in order to preserve the 
nerve trunk and completely remove the tumor. In order to prevent recurrence, 
some scholars suggested that the tumor capsule should be removed simulta-
neously [22] [23] [24]. 

Thyroid schwannoma is a rare disease. It was misdiagnosed as thyroid nodule 
in demonstration and ultrasound examination. Better dialogue with surgeons 
and pathologists, using USG-guided FNAC and intraoperative frozen sections 
will definitely improve preoperative diagnosis. More reports will enhance our 
understanding and improve our diagnostic accuracy. 
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Abstract 
Goal: The aim of this work is to study the relationship between the pneuma-
tization of the adjacent structures of sphenoid sinuses and the protrusion of 
the neurovascular structures in the sinuses. Methods: A review of 225 CT 
scans skull was done for subjects aged at least 16 years old from November 
1st to December 31st 2017. The pneumatization of adjacent structures of 
sphenoid sinuses and its relation with the protrusion of neurovascular struc-
tures surround the sinuses have been investigated. We used Fischer Exact test 
for comparison. The p value < 0.05 was expressed as significant. Results: Sta-
tistically significant associations were found between anterior clinoid process 
bilateral pneumatization and bilateral protrusion of carotid canal (p < 0.05) 
and of optic canal (p < 0.001). There were also, statistically significant corre-
lations between bilateral pterygoid process pneumatization and bilateral pro-
trusion of carotid canal and of optic canal (p < 0.001); and between pterygoid 
process bilateral pneumatization and bilateral protrusion of maxillary and vi-
dian nerves (p < 0.001). An association was also found between bilateral 
pneumatization of great wings and bilateral protrusion of maxillary nerves (p 
< 0.001) and of vidian nerves (p < 0.05). Conclusion: Compared to the lite-
rature, the prevalence of pneumatization of the adjacent structures of sphe-
noid sinuses was lower on Beninese than Caucasian and Asian. But there 
were the same correlations with the protrusion of neurovascular structures. In 
case of endonasal surgery of the sphenoid sinuses, surgeon should be aware of 

How to cite this paper: Akanni, D., de 
Souza, C.O., de Tovè, K.-M.S., N’zi, K.P., 
Yèkpè, P., Biaou, O. and Boco, V. (2018) 
Sphenoid Sinuses Pneumatization and Asso-
ciation with the Protrusion of Surrounding 
Neurovascular Structures amongst Beninese. 
Open Journal of Radiology, 8, 209-216. 
https://doi.org/10.4236/ojrad.2018.84024 
 
Received: September 21, 2018 
Accepted: November 5, 2018 
Published: November 8, 2018 
 
Copyright © 2018 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

 

DOI: 10.4236/ojrad.2018.84024  Nov. 8, 2018 209 Open Journal of Radiology 
 

http://www.scirp.org/journal/ojrad
https://doi.org/10.4236/ojrad.2018.84024
http://www.scirp.org
https://doi.org/10.4236/ojrad.2018.84024
http://creativecommons.org/licenses/by/4.0/


D. Akanni et al. 
 

the high possibility the injury of optic nerves and internal carotid artery. 
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1. Introduction 

The variability of the anatomy of the sphenoid sinuses is well documented [1] 
[2] [3]. Sphenoid sinuses are probably the most variably pneumatized structures 
of the skull [1] [2] [3]. According to anatomic description, the sphenoid sinuses 
growth will reach their full extension on adolescence [4] [5]. The pneumatiza-
tion of sphenoid sinuses is variable and ranges from minimal to extensive [4] [5] 
and it may occasionally extend into the different parts of the sphenoid bone, 
such as ACP (Anterior Clinoid Processes), lesser and the great wings, and PP 
(Pterygoid Processes). Sphenoid sinuses are surrounded by vital neurovascular 
structures, such as the internal carotid artery, opticnerves, maxillary and vidian 
nerves. The description of these anatomic variants in different populations gives 
useful information [6] [7] [8]. A previous work has studied the anatomic va-
riants of sphenoidal sinuses and adjacent structures amongst Beninese [9]. 
However, few articles studied the relationship between pneumatization of adja-
cent structures of sphenoid sinuses and protrusion of neurovascular structures 
in black Africans [6]. The current work aimed to study the relationship between 
bilateral pneumatization of adjacent structures of sphenoid sinuses and bilateral 
protrusion of surrounding neurovascular structures at the National and University 
Teaching Hospital Hubert Koutoukou Maga of Cotonou (CNHU-HKM/Cotonou). 

2. Methods 

A retrospective descriptive and analytical study was conducted. Computed To-
mography (CT scan) images of the skull of Beninese subjects without obvious 
anomalies in paranasal sinuses were collected in the Radiology Department of 
National and Teaching Hospital Hubert Koutoukou Maga of Cotonou from 1st 
November to 31st December 2017. Included subjects aged at least 16 years. Ex-
haustive recruitment of all patients was done during the period of study. The 
subjects were scanned on EMOTION SIEMENS 16-slices CT. CT-scan were sys-
tematically reviewed in the bone window and soft tissue window after multipla-
nar reconstruction. The thickness of the reconstructed image slice was 1 mm. 

We studied the pneumatization of anterior clinoid processes, of pterygoid 
processes, of lesser and great wings; the protrusion of carotid canals and of optic 
canals, the protrusion of maxillary and vidian nerves. The anatomic images were 
already described in a previous work [9]. 

Protrusion was defined as the presence of at least one third of the canal cir-
cumference into the sinus cavity. Protrusion of the vidian nerves was defined as 
the presence of air density around the nerves [9]. 
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Data collection was done using a survey form prepared for the circumstance. 
Data analyses were done by using Epi info software version 3.5.4. A descriptive 
analysis of the variables was done. Mean age and standard deviation were calcu-
lated. For qualitative variables, frequencies and proportions were calculated. The 
Comparisons of multiple variances were applied with using Fisher Exact test. 
The p-value < 0.05 was expressed as significant. The risk ratio (RR) was used to 
measure the association between sphenoid sinuses pneumatization and the pro-
trusion of surrounding neurovascular structures. RR gives an indication of the 
“strength of association”. RR is an intuitive way to compare the risks for two 
groups. Simply divide the cumulative incidence in exposed group by the cumu-
lative incidence in the unexposed group: 

Risk Ratio = Cle
Clu

 

where Cle is the cumulative incidence in the “exposed” group and Clu the cu-
mulative incidence in the “unexposed” group. 

These associations were tested only when both bilateral pneumatization of 
structures adjacent to sphenoid sinuses and bilateral protrusion of neurovascular 
structures were present simultaneously. 

The ethical commission of CNHU-HKM has given his agreement and the data 
were used in absolute confidentiality. 

3. Results 
3.1. Description of Anatomic Variants 

225 Skull CT-scans were collected. 224 had two sphenoid sinuses and one had a 
single sphenoid sinus.  

Their age ranged from 16 to 86 years with mean age of 48.8 years ± 17.2. 
There was male predominance 58.7% with a sex-ratio of 1.42. 

Table 1 represents the detailed data about bony anatomic variations. Pneu-
matization of lesser and great wings of the sphenoid were observed in 3.3% and 

 
Table 1. The prevalence of bony anatomic variations, CNHU-HKM, 2017. 

Anatomic variations Bilateral Right side Left side Total 

Pneumatizaton n (%) n (%) n (%) n (%) 

Lesser wing 12 (2.7) 1 (0.2) 2 (0.4) 15 (3.3) 

Great wing 14 (3.1) 3 (0.7) 4 (0.9) 21 (4.6) 

Anterior Clinoid Process 16 (3.6) 9 (2.0) 7 (1.5) 32 (7.1) 

Pterygoid Process 28 (6.2) - 5 (1.1) 33 (7.3) 

Protrusion     

Carotid Canal 208 (46.3) 4 (0.9) 5 (1.1) 217 (48.3) 

Optic Canal 44 (9.8) 7 (1.5) 8 (1.8) 59 (13.1) 

Maxillary Nerve 72 (16) 3 (0.7) 6 (1.3) 81 (18) 

Vidian Nerve 19 (8.4) 0 2 (0.4) 21 (9.5) 
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4.6% of patients respectively. Pneumatization of Anterior Clinoid Processes 
(ACP), and of Pterygoid Processes (PP); were found in 7.1% and 7.3% of pa-
tients, respectively. Protrusion of Carotid Canal (CC), and Optic Canal (OC) 
were found in 48.3% and 13.1% of patients, respectively. The Protrusion of Max-
illary and Vidian nerves were found in 18% and 9.5% of the cases, respectively. 

3.2. Sphenoid Sinuses Pneumatization and Association with the  
Protrusion of Surrounding Neurovascular Structures 

Many protrusion of surrounding neurovascular structures were associated with 
pneumatization of adjacent structures of sphenoid sinuses. 

Statistically significant correlations were found between: ACP bilateral pneu-
matization and bilateral protrusion of carotid canal (p < 0.05), and optic canal (p 
< 0.001), Table 2. There were also, statistically significant association between 
bilateral PP pneumatization and bilateral protrusion of CC and of OC (p < 
0.001), Table 2. An association was also found between bilateral PP pneumatiza-
tion and bilateral protrusion of maxillary and vidian nerves (p < 0.001), Table 3. 
Likewise statistically significant correlations were observed between bilateral 
pneumatization of great wings and bilateral protrusion of maxillary nerves (p < 
0.001) and bilateral protrusion of vidian nerves (p < 0.05), Table 3. 
 
Table 2. Relationship between ACP pneumatization and protrusion of CC and of OC and 
between PP pneumatization and protrusion of CC and of OC, CNHU-HKM, 2017. 

 Carotid Canal Optic Canal 

 *RR **IC p *RR **IC p 

ACP Pneumatizaton       

No 1   1  - 

Yes 2.26 1.94 - 2.62 0.0017 15.50 9.33 - 25.72 <0.0001 

PP Pneumatization       

No 1   1  - 

Yes 2.34 2.00 - 2.74 <0.0001 1.41 1.06 - 1.88 <0.0001 

*RR: relative risk, **IC: confidence interval. 
 
Table 3. Relationship between PP pneumatization and protrusion of maxillary and vidian 
nerves and between Great wings pneumatization and protrusion of maxillary and vidian 
nerves, CNHU-HKM, 2017. 

 Maxillary nerve Vidian nerve 

 *RR **IC p *RR **IC p 

PP Pneumatizaton       

No 1   1 - - 

Yes 6.63 4.19 - 10.48 <0.0001 6.95 3.11 - 15.51 0.0003 

Great wings 
Pneumatization 

      

No 1  -  - - 

Yes 7.51 5.35 - 10.54 <0.0001 5.84 2.20 - 15.51 0.014 

*RR: relative risk, **IC: confidence interval. 
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4. Discussion 

The current work aimed to study the relationship between pneumatization of 
adjacent structures of sphenoid sinuses and protrusion of neurovascular struc-
tures on Beninese. 

4.1. Prevalence of Pneumatization of Adjacent Structures of  
Sphenoid Sinuses 

Pneumatization of the sphenoid can extend in all its components, like the great 
and lesser wings, PP, and ACP [10] [11]. These extensions of sinuses bring them 
in close relations to vessels and nerves of the skull base such as internal carotid 
artery, optic nerves, maxillary and vidian nerves. The relations of sphenoid si-
nuses with the structures around are close when sinusesare well pneumatized 
[10] [12] [13]. When this happens, the surrounding vessels and nerves are seen 
in sinuses cavity (protrusion) as irregularities or ridges [14]. 

In this study, the rate of the pneumatization of the adjacent structures of the 
sphenoid was lower than the rate according to the literature. In our series, 
pneumatization of PP was 7.3% versus 15.5% - 43.6% [12] [13] [14] [15], pneu-
matization of ACP was 7.1% versus 11% - 29% [12] [13] [14] [15] and pneuma-
tization of great wings was 4.6% versus 20% according to Hewaidi and Omani [16]. 

4.2. Prevalence of Protrusion of Neurovascular Structures 

Prevalences of the protrusion of surrounding neurovascular structures observed  
in our study were comparable with the rate seen in other studies. In our series, 
protrusion of CC was 48.3% versus 34% - 93%, protrusion of OC was 13.1% 
versus 4% - 37.5%, protrusion of vidian nerves was 9.5% versus 7.5% - 13.3% 
[12] [13] [14] [15] and protrusion of maxillary nerves was 18% versus 24.3 % 
according to Hewaidi and Omani [16]. 

4.3. Associations between Pneumatization and Protrusion 

In the current study, there were statistically significant association between the 
pneumatization of ACP and protrusion of OC (p < 0.001). Hewaidi and Omani 
[16], Kazkayasi et al. [17], Sirikci et al. [18], and Rahmati et al. [14] had reported 
the same association between ACP pneumatization and protrusion of OC. But 
these studies did not give the level of risk of protrusion of CO in case of ACP 
pneumatization. This risk was 15 times higher in our study. Therefore, in the 
presence of a bilateral pneumatization of ACP, it is necessary to fear a lesion of 
the optic nerves during an endonasal surgery. 

There were also statistically significant correlations between the pneumatiza-
tion of ACP and protrusion of CC (p < 0.05). Protrusion of CC was found to in-
crease as ACP pneumatization increased in three studies [13] [19] [20]. Similarly, 
our study showed that the pneumatization of ACP and of PP double the risk to 
see protrusion of CC. This findings means that an inattention in case of endo-
nasal surgery when bilateral pneumatization of both ACP and PP exist, may result 
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in injury of internal carotid artery in its intrasinusal tract. Such an injury usually 
leads to bad outcome. 

According to our results, there were 7 times higher risk to seeprotrusion of 
both maxillary and vidian nerves when the PP pneumatization exist. This asso-
ciation between PP pneumatization and protrusion of maxillary and vidian 
nerves had already pointed out by Hewaidi and Omani [16], by Rahmati et al. 
[14] and Kazkayasi et al. [17] without give clearly the level of the association. 

As Hewaidi and Omani [16], we had found a relationship between the pneu-
matization of great wing and the protrusion of maxillary nerves (p < 0.001). But 
the correlations between pneumatization of PP and protrusion of OC, and be-
tween pneumatization of great wing of sphenoid and vidian nerve were not seen 
in other studies. 

Despite the relatively low pneumatization rate of adjacent structures within 
the study population, the prevalence of protrusion of neurovascular structures 
were consistent with that found in other studies. Correlations between the 
pneumatization of adjacent structures and the protrusion of neurovascular 
structures found in our studies have been corroborated by other studies.  

4.4. Limitation of the Study  

The retrospective characteristic of the study, the number of cases and the ab-
sence of additional readers to compare the results of the first reading are limits 
to this study. 

5. Conclusion 

The prevalence of pneumatization of the adjacent structures of sphenoid sinus 
was lower on Beninese than Caucasian or Asian population compared to litera-
ture. But there were the same correlations between the pneumatisation of the 
adjacent structures and the protrusion of surrounding neurovascular structures 
of sphenoid sinuses amongst Beninese. According to our results, the risk of 
blindness and hemorrhages seems to be clearly higher among the Beninese, in 
case of endonasal surgery of the sphenoid sinuses. Thus, the results of this study 
call our surgeons to more use CT scan before surgery on sphenoid sinuses. 
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Abstract 
Background: Ultrasound has become the most widely practiced medical im-
aging examination even in developing countries because of its non-irradiating, 
non-invasive nature and its relatively affordable cost. Objective: The objec-
tive of this study was to review the practice of medical ultrasound in Lomé 
city. We carried out a descriptive cross-sectional study using the pre-established 
fact sheets. It took place from 16 August to 30 November 2013 in the health-
care facilities of the city of Lomé. Results: A total of 47 centers were surveyed, 
including 14 public centers and 33 private centers. The ultrasound scanners 
were mostly acquired in the new state (59.6%) with only 34.1% of these ul-
trasound scanners equipped with the Doppler mode. There were 3 ultrasound 
scanners (6.4%) that had a 3D probe. Radiologists were the ones who carried 
out most of the ultrasound examinations in public centers, while in private 
they accounted for half of the performers (45.5%). Physicians enrolled in a 
specialty in radiology played a significant role in these private structures, ac-
counting for 24.2% of performers. Cardiac ultrasound was performed only in 
2 centers (4.2%). The ultrasound report was available in all public centers us-
ing the pre-established and standardized forms. The qualification of sono-
graphers and the status of ultrasound scanners are relatively acceptable. Con-
clusion: Ultrasound scanners were mostly acquired in new condition. Radi-
ologists remained the ones who carried out the largest number of ultrasound 
examination in Lomé. 
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because of its non-irradiating, non-invasive nature and its relatively affordable 
cost. It is now the second step in the management of patients after clinical ex-
amination, in particular in emergencies [1]. 

Until 1970, most ultrasound examinations were a simple dating of pregnancy 
in obstetrics and were performed almost by radiologists [2]. Progressively, this 
practice of ultrasound has spread to other areas of medicine especially with the 
advent of new applications of ultrasound since the 1980s. The use of ultrasound 
has developed in medical practice clinic in different specialties. 

In Togo, the first ultrasound was performed in 1987 and since then its acces-
sibility has been increasing even in the rural areas. But we lack studies that really 
evaluate the conditions under which these ultrasounds are performed. It is with 
this in mind that we undertook this study in order to review the practice of ul-
trasound in Togo, by studying the profile of performers, the characteristics of 
ultrasound scanners and by analyzing the mode of ultrasound scans reporting. 

2. Materials and Methods 

We carried out a descriptive cross-sectional study using the pre-established fact 
sheets. It took place from 16 August to 30 November 2013 in the healthcare fa-
cilities of the city of Lomé (capital city of Togo). 

The two teaching hospitals of Lomé (SylvanusOlympio and Campus), the re-
gional hospital and the 4 district hospitals of the Lomé-commune health region 
were included in this study. As the Lomé health region was divided into five dis-
tricts, a selection of 3 medical centers was carried out per district and 25 private 
medical clinics were drawn to participate in the survey. 

Non-standard health facilities were excluded from the survey. 
So, there were 47 health facilities surveyed out of 125 facilities. 
We previously carried out a data collection sheet on the ultrasound centers, 

which concerned: 
- The center: the place (district), the legal form (private or public), 
- Characteristics of the scanners: the brand, condition to purchase (new or 

used), types of probes, Doppler coupling or not, 
- The qualification of the performer, 
- The examinations carried out and the method of reporting. 

This data was analyzed with the Epi Info 3.5.3 software. 

3. Results 

A total of 47 centers were surveyed, 14 public centers and 33 private centers. 
Most of the ultrasound scanners were acquired in new condition. All ultra-

sound machines had a convex probe, while more than half did not have a linear 
probe. More than 2/3 of scanners were not coupled to the Doppler (Table 1). 

Radiologists were the ones who carried out most of the ultrasound examina-
tions in public centers (n = 10; 71.4), while in private they accounted for half 
(n = 15; 45.5%). Physicians enrolled in radiology specialty played a significant  
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Table 1. Characteristics of ultrasound scanners. 

  
Number Percentage 

Statement of purchase New 28 59.6% 

 
Handled 19 40.4% 

 
Total 47 100% 

Probe type Convex 47 100% 

 
Endocardial 24 51.1% 

 
Linear 18 38.3% 

 
3D, 4D 3 6.4% 

Doppler coupling No 31 65.9% 

 
Yes 16 34.1% 

 
role in these private structures, accounting for (n = 10; 24.2%) of performers 
(Table 2). 

No general practitioner or paramedical health worker performed ultrasound 
in the centers visited. 

Obstetric, pelvic and abdominal ultrasounds were performed in all centers 
while cardiac ultrasound was performed only in 2 centers that were private 
(Table 3). 

In all the centers the report was in the majority of cases done using the 
pre-established and standardized forms (Table 4). 

4. Discussion 
4.1. Methodology 

This study, covering an overview of the practice of ultrasound, was carried out in 
47 health facilities, including the two Teaching Hospitals, which are the refer-
ence centers of the country. This is the first study carried out in this framework 
in our country. It will serve as a repository of data on this subject. We have made 
a reasoned choice based on a sample of health centers in Lomé. Such a choice 
may constitute a limit for this study since it does not take into account all the 
health centers in Lomé. However, given the selection criteria for this sample, we 
consider that it is validly representative of the health centers of the city of Lomé. 

4.2. Ultrasound Scanners and Sonographers Profile 

Ultrasound equipment was usually acquired in new condition. This can be ex-
plained by the appearance on the Togolese market of Chinese branded ultra-
sound scanners which are at very affordable prices compared to ultrasound 
scanners of European and American origin. 

Our study revealed that all ultrasound machines had a convex probe, while 
only 37.9% of ultrasound scanners had a linear probe. This finding differs little 
from that of Girisgin et al. in Turkey who found that all ultrasound scanners  
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Table 2. Distribution of the qualification of the director of examinations according to the 
legal form of the ultrasound centers. 

 Public Private 

 N % N % 

Radiologist 10 71.4% 15 45.5% 

Non-radiologist specialist 2 14.3% 10 30.3% 

Physician in radiology  
specialization 

2 14.3% 8 24.2% 

Total 14 100% 33 100% 

N = number; % = percentage. 

 
Table 3. Distribution of the types of examinations carried out according to the legal form 
of the ultrasound centers. 

 Public Private 

 N % N % 

Obstetric 14 100% 15 45.5% 

Pelvic 14 100% 10 30.3% 

Abdomen 14 100% 8 24.2% 

Cardiac 0 0 2 6.1% 

Vessels 2 14,3% 2 6.1% 

Others* 3 21,4% 3 9.1% 

*Other: surface organs and soft tissues. 

 
Table 4. Expression of the reporting mode according to the type of center. 

 Pre-established Seizure 

 
N % N % 

Public (n = 14) 14 100% 0 0 

Private (n = 33) 23 69.7% 12 36.4% 

Total (n = 47) 37 78.7% 12 25.5% 

 
used in the bedside in emergency services had both convex and linear probes [3]. 
Our result could be explained by the fact that the most extensive explorations 
remained those of the deep organs (liver, kidneys, pancreas, uterus, ovaries, etc.) 
considered to be part of general ultrasound. It is for this reason that the WHO 
since the years 96 recommended that for the purchase of a general purpose ul-
trasound system, the standard probe should have a frequency of 3.5 MHz [4]. 

Radiologists were the ones who carried out the majority of the ultrasound 
examinations in the public centers while in private they accounted for just under 
half of the performers. Physicians enrolled in radiology specialties played a sig-
nificant role in these private structures. The European Society of Radiology in 
2013 found a mixed result [5]. There were hospitals in which the majority of ul-
trasound examinations were carried out by radiologists whereas it was not the 
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case in other hospitals. In our study, a radiologist alone was obliged to cover 3 to 
4 ultrasound centers since until 2011, Togo had only 9 radiologists, 3 of whom 
were exclusively in private practice [6]. The place of doctors in radiology spe-
cialization in this practice deserves to be seriously discussed in the reflections to 
come to define exactly their exercise. No general practitioner or paramedic 
health worker performed ultrasound in all centers visited while this competency 
is transferred to other health professionals in other countries of Africa. This is 
the case for example in Senegal where general practitioners and midwives are 
trained in ultrasound [7]. The need to train non-radiologists in this practice in 
our country is therefore no longer to be demonstrated. The training of a sono-
grapher is long: one year of minimum training for a specialty (cardiovascular, 
abdomen, pelvis, fetus...). In addition, for ultrasound diagnostics, the sonogra-
pher often needs the advice of another colleague who, in most cases, does not 
work in the same health facility or in the same city as himself, the tele-ultrasound 
could appear as an alternative [8]. 

4.3. The Ultrasound Report Mode 

In all the visited centers, the ultrasound report was made using pre-established 
records. This mode allows faster editing. It is adapted to a given pathology or to 
an organ. This is often the case for obstetric ultrasound reports [9]. It is often 
handwritten in our context and does not require a secretariat. The disadvantage 
is that it is not often adapted to the question posed by the prescriber. Indeed, the 
radiological report is a written transcription, in clear and unambiguous terms, 
and transmission, of the different stages of the radiological examination: indica-
tions, techniques of realization, results, synthesis and medical conclusion [10]. 
Since ultrasound is a “dependent operator”, the clinician therefore needs quality 
criteria to know whether he can trust the ultrasound he has in his hands or not. 
The length can not be standardized and should be adapted to the pathology to be 
described and the question asked. 

5. Conclusion  

A cross-sectional study on the panorama of the ultrasound practice in Lomé was 
carried out in the public and private sanitary structures of the city of Lomé. It 
allowed us to realize that ultrasound features were mostly acquired in new con-
dition. Radiologists, although not exclusively performing ultrasound examina-
tions, remained the ones who carried out the largest number of ultrasound ex-
aminations in Lomé. The ultrasound report was usually standardized. 
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Abstract 
Background: Chest X-ray is frequently performed for evaluation of chest 
disease in both adults and children. Children are more exposed to the adverse 
effects of radiation as compared to adults. During our daily practice, we no-
ticed that most of children’s chest X-ray results were normal. Purpose: This 
study aimed to evaluate the indications, the technic, the irradiation and the 
result of chest X-rays in children in order to know if the practice of these 
X-rays was relevant. Method: Cross-sectional and descriptive study con-
ducted at the Imaging Regional Center of Ngaoundere from April to August 
2017. A total number of 145 radiographs and 140 X-ray requests of 140 chil-
dren were considered in this work. The conformity of the request were veri-
fied according to the recommendations of the National Agency for Accredita-
tion and Health Evaluation in France (NAAHE), technical condition of reali-
zation and results were appreciated and the entrance surface dose (ESD) of 
the patients was estimated using a mathematical algorithm. Results: Children 
under 5 years (63.5%) were more represented in our study. The main indica-
tions were: cough (22.1%), suspicion of pneumonia (16.4%) and bronchitis 
(15.7%). No indication was mentioned on 69.3% of the request forms. After 
confrontation to the “Guide for proper use of medical imaging examinations” 
(GPU), we only had 24% conformity of indications. 82.7% of the examina-
tions required immobilization assistance by the parents. Most of the children 
were imaged in a standing-up position (82.9%) and the anterior-posterior 
view (77.9%) was more practiced. After the analysis of the pictures, 62% of 
them presented an optimal contrast, while 42.1% of X-ray were performed 
without beam collimation. 25 X-rays were repeated: 12 (48%) because of pa-
tient’s motion and 13 (52%) of mispositionning. After interpretation, 87 
(62.14%) chest X-ray were normal. Main lesion observed were pneumonia 
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(17.14%) followed by bronchopeumopathy (5.71%) and bronchitis (5%). The 
obtained ESD values were 0.11, 0.15 and 0.17 mGy respectively for the 0 - 1 
year, 1 - 5 year and 5 - 10 year age groups; 0.2 and 0.57 respectively for pos-
tero-anterior (PA) and lateral (LAT) view for the age group 10 - 15 years, 
which were slightly greater than the values in internationally published stud-
ies. Conclusion: The request for children chest X-ray is not relevant in terms 
of indication, technical conditions of realization and irradiation. 
 

Keywords 
Pertinence, Chest X-Ray, Children, Request Form, Practice 

 

1. Introduction 

Chest radiography is the most frequently used examination in both adults and 
children in the world. Its large diffusion is related to the tuberculosis endemic 
period and its maintenance is due to the high frequency of respiratory infections 
and lung cancer [1]. Close attention should be paid to improve the diagnostic 
information as much as possible while it is important to keep radiation doses to 
the minimum when dealing with pediatric patients.  

Frontal, antero-posterior (AP) or postero-anterior (PA) views and lateral view 
are requested during follow-up examinations and can be supplemented by par-
ticular incidences (lateral decubitus, hyperlordosis, expiration); these are always 
guided by the search for a specific pathology suspected by the clinic or detected 
on the initial images [2]. No act exposing to ionizing radiation can be practiced 
without an exchange of written information between the clinician and the radi-
ologist [3]. But we found that the details provided by clinicians when requesting 
a chest X-ray are often insufficient. A recent study in Cameroon has shown that 
medical imaging exam request has many deficiencies in administrative and 
clinical details, and more importantly on X-ray requests [4].  

Chest radiography is a frequently performed at a very low dose level. How-
ever, because of its frequency, it makes a notable contribution to the collective 
radiation risk of the population. In current practice, the technical implementa-
tion procedures do not provide an optimization of the radiation dose delivered 
to children, and children may be uncooperative and are frequently subject to a 
greater number of exposures than adult patients. In a study conducted at the 
Hospital and University Center (HUC) in Lomé, 61.76% of the chest X-rays 
performed in children was normal [5]. During our daily practice, we noticed that 
most of children’s chest X-ray results were normal. 

As part of a project to reduce the radiation dose and to improve the quality of 
the pediatric chest X-ray request forms, we conducted a survey to assess the per-
tinence of children’s chest X-ray request form and practice at the Ngaoundere 
Medical Imaging Center, in the northern part of Cameroon. 
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2. Methods 

This study was carried out at the Regional Center for Medical Imaging of the 
Ngaoundere in the Northern part of Cameroon, between April and August 2017. 
It was a cross-sectional and descriptive study. Sampling was consecutive and ex-
haustive non-probabilistic. The study included all children aged from 0 to 15 
years who came to the radiology and medical imaging department for chest 
X-rays and freely consented to participate. All children’s parents received the 
information and approved the study. Each patient recruited for this study had to 
go through a clinical examination including medical history, inspection and 
auscultation, followed by a chest X-ray. 140 requests for exams and 145 images 
were studied. The X-ray equipment used was a General Electric XR 6000 (May 
2011), high-frequency three-phase model, with a 2.5 mm aluminium (AL) total 
beam filtration. The presence of the elements of conformity of the request ac-
cording to the recommendations of the National Agency for Accreditation and 
Health Evaluation in France (NAAHE), (date of the request, service applicant, 
identification of the referring physician, identification of the patient, date of 
birth of the patient, anatomical region, indication for the examination) was veri-
fied and noted. For each examination, the patient’s weight, height, age, lateral 
and frontal thicknesses were noted, together with the tube voltage (kV), and fo-
cus-surface distance (FSD). The patient’s complaints or the indication was also 
noted. The Indications recorded on the request forms were confronted to the 
French Society of Radiology recommendations. During the realization of the 
examination, the position of the children, the use or not of the means of restraint 
and the resumption of examinations or not were written down. In this study, 145 
X-ray examinations (140 AP/PA views and 5 LAT view) of pediatric patients 
were acquired. Only the examinations that resulted in diagnostically acceptable 
radiographs were included in the study. After the film is obtained, it is inter-
preted by the radiologist. In the case of a control, comparison with prior films 
was done in evaluating the evolution of the observed lesion. The radiation dose 
to patients was calculated for chest X-rays according to the formula: 

( )
2 2kVp 100ESD Y d mAs BSF

80 FSD
   = × × × ×   
   

 [6] 

Y (d) represents the tube output in mGy/mAs calculated at 80 kVp, at a dis-
tance of 100 cm from the tube focus along the beam axis and 20 mAs using a all 
in one universal calibrated X-ray exposure meter. The output for the X-ray tube 
was calculated by using equation below: 

( )
Average dosimetre ReadingsOutput

tube current time product mAs
=  [7] 

kVp is the peak tube voltage, mAs the exposure current-time product and 
FSD the focus-to-skin distance. Accordingly, the tube output of the X-ray ma-
chine was found to be 0.056 mGy/mAs. BSF is the backscatter factor. A value for 
the BSF of 1.30 was used in this study [6]. The type of film use was Fuji “Blu” 
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with a speed of 400 and a direct view cassette (computed radiograph system). 
For analysis of the results, the patients were divided into the following age 

groups: 0 - 1 y, 1 - 5 y, 5 - 10 y, and 10 - 15 y. Quantitative variables were ex-
pressed as mean and 75th percentile. 

Finally, the results of calculated ESD was compared with international rec-
ommended values of Diagnostic Reference Levels (DRL) and with similar studies 
conducted elsewhere. Microsoft Office Excel 2013 and Sphinx version 5.1.0.6 
were used for data analysis. Chi-square test was used with a precision threshold 
p = 0.05. 

3. Results 

The study included 140 patients aged 7 days to 15 years. Children under 5 years 
(63.5%) were more represented in this study (Table 1). The male sex was the 
most represented. 

The main indication was cough (22.1%), followed by chest pain and dyspnea. 
There is no indication in 69.3% (Table 2). The Indications recorded on the re-
quest forms were confronted to the “Guide for proper use of medical imaging 
examinations” (GPU) of the French Society of Radiology (FSR) (Figure 1). We 
only had 24% conformity of indications. 

According to Table 3, 62.14% of chest X-ray was normal. Main lesion ob-
served were pneumonia (17.14%) followed by broncho-penumopathy (5.71%) 
and bronchitis (5%). 

3.1. Technical Realization 

82.9% of the children were imaged in a standing-up position (Figure 2) and the 
anterior-posterior view (71.7%) was more practiced (Figure 3). 

It appears in Table 4 that no restraint was used during examination, 42.1% of 
X-rays were performed without X-ray beam collimation. 62.1% of X-rays were 
performed in the presence of parents. 82.7% of the examinations required im-
mobilization assistance by the parents, none of them was wearing leaded apron. 

As shown in Table 5, 62% of the images had an adequate density. Despite the 
fact that 55 (38%) images had inadequate density this did not prevent their ex-
ploitation. 25 X-rays were repeated due to motion (48%) and mispositioning 
(52%). 
 
Table 1. Distribution of patient by age group. 

Age group Frequency Percentage (%) 

0 - 1 y 45 32.1 

1 - 5 y 44 31.4 

5 - 10 y 27 19.3 

10 - 15 y 24 17.2 

Total 140 100 
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Table 2. Distribution of indications. 

Patient’s complaints Frequency Percentage (%) 

None 97 69.3 

Cough 31 22.1 

Chest pain 6 4.3 

Dyspnea 4 2.9 

inhalation of foreign body 2 1.4 

Total 140 100 

 
Table 3. Chest X-ray results. 

Results Frequency Percentage (%) 

Normal chest incidence 87 62.14 

Pneumopathy 24 17.14 

Broncho-pneumopathy 8 5.71 

Bronchitis 7 5 

Pleurisy 5 3.5 

Pneumothorax 4 2.8 

Bronchiolitis 2 1.4 

Foreign body inside respiratory tract 2 1.4 

Pulmonary tuberculosis 1 0.7 

Total 140 100 

 
Table 4. Data relative to the observation of chest X-ray realization. 

Observation Frequency Percentage (%) 

Use of restraints 140 

- Yes 0 0 

- No 140 100 

X ray beam collimation 140 

- Yes 81 57.8 

- No 59 42.1 

Parental presence in examination room 140 

- Yes 87 62.1 

- No 53 37.3 

Parental support for child immobilization 87 

- Yes 72 82.7 

- No 15 17.2 

Parental wearing of lead apron 87 

- Yes 0 0 

- No 87 100 
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Figure 1. Conformity of indications to GPU. 

 

 
Figure 2. Child position during examination. 

 

 
Figure 3. Incidence achieved. 

 
Table 5. Image quality. 

Image quality Frequency Percentage (%) 

X-ray penetration 145 

- Too low density 10 7 

- Adequate density 90 62 

- Too high density 45 31 

Repeating examination 25 

- Motion blur 12 48 

- Mispositioning 13 52 

 
15 patients were referred for a control X-ray (Table 6): 5 patients after 3 days 

of treatment, 4 patients after 4 days and 6 after one week of treatment. Regres-
sion of the lesions was observed on 1 image taken at a delay of seven days after 
taking the initial image. 

3.2. Technical Parameters 

It was seen according to Table 7 that the mean kVp and mAs increases with pa-
tient age. 
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Table 6. Comparison to prior image. 

Evolution of the observed lesion Total 

Control delay Regression Stability Frequency Percentage (%) 

Three days 0 5 5 33.3 

Four days 0 4 4 26.6 

Seven days 1 5 6 40 

Total 1 14 15 100 

 
Table 7. Patient exposure parameters per age and weight. 

Chest X-ray 
Age 

group 
Weight  

(Kg) 

kVp mAs FSD (cm) 

Min Mean Max Min Mean Max Min Mean Max 

AP/PA view 

0 - 1 y 3 - 14 70 91 100 1 1.7 2 100 124 137 

1 - 5 y 7 - 20 90 95 110 1.6 1.9 2.5 115 128 139 

5 - 10 y 10 - 25 95 106 120 2 2.1 2.5 126 134 139 

10 - 15 y 20 - 55 110 119 125 2 2.4 3 133 142 150 

LAT view 10 - 15 y 32 - 46 125 126 128 6 6.1 8 139 143 150 

 
Table 8 shows the descriptive statistics of ESD (mGy) values obtained in this 

study. The highest mean ESD was seen in lateral chest X-ray view (0.53 mGy). 
The lowest mean ESD was observed in the age group, 1 week - 1 year with 0.09 
mGy. 

This study shows that the third quartile ESD recorded in this work are higher 
for all age groups than the values in internationally published studies (see Table 9). 

4. Discussion 

The most represented age group was 0 to 1 year (32.1%). This rate is similar to 
the 32% found by Agbéré A et al., [13]. This outlined the fact that newborns and 
infants may be more exposed to respiratory disease. There is a male predomi-
nance with a sex ratio of 1.18 and is comparable to those of Agbéré A et al. 
(1.15 ) in Lomé And Sawadogo A. et al. (1.20) in Ouagadougou [13] [14]. Cough 
(22.1%) was the main indication for chest X-ray. These results are close to those 
found by LK Agoda Koussema et al., although with a slightly higher rate of 
28.43% [5]. Coughing is a normal defensive process which allows the clearance 
of excess mucus or aspirated material and is a common complaint of parents and 
a source of worry. It is an extremely common functional sign that can be found 
in most respiratory disease and is the third reason for consultation in general 
practice [15].  

4.1. Clinical Information 

As results, 62.14% of radiographs were normal against 37.86% pathological. 
Pneumopathy (17.14%) was the main lesion observed. LK Agoda Koussema et al., 
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Table 8. Presentation of dose values at the entrance (mGy) according to the weight of the 
patient. 

Chest X-ray Age 
ESD (mGy) 

Min Max Mean 3rd Quartile Sd 

AP/PA view 

1 week - 1 y 0.05 0.15 0.09 0.11 0.02 

1 - 5 y 0.08 0.21 0.11 0.15 0.02 

5 - 10 y 0.11 0.2 0.15 0.17 0.03 

10 - 15 y 0.11 0.23 0.18 0.2 0.03 

LAT view 10 - 15 y 0.42 0.57 0.53 0.57 0.1 

 
Table 9. Comparison of the third quartile ESD value of this study with Literature Data. 

Chest X-ray Age group 
This study 

(2007) 
Saudi Arabia 

(2015) [8] 

Austria 
(2010) 

[9] 

France 
(2009) 

[10] 

Brazil 
(2009) 

[11] 

Finland 
(2007) 

[12] 

AP/PA view 

0 - 1 y 0.11 0.08 0.05 0.12 0.1 0.04 

1 - 5 y 0.15 0.11 0.06 0.10 0.07 0.07 

5 - 10 y 0.17 0.07 0.08 0.2 0.08 0.06 

10 - 15 y 0.2 0.11 0.08 / 0.09 0.08 

LAT view 10 - 15 y 0.57 / / / / 0.31 

 
has found 61.76% normal X-rays and 38.24% pathological and with 53.85% of 
pneumopathy [5]. Indeed in our tropical context, the dominant pathology is es-
sentially infectious. Low respiratory infections, especially pneumonia, are the 
leading causes of morbidity and mortality among young children in developing 
countries [16]. This considerable rate of normal X-rays (62.14%) only highlights 
the fact that a large number of prescribed X-rays are not justified even though it 
is known that a justified medical imaging examination can sometimes be sanc-
tioned by a normal report.  

During our study, 15 control chest X-rays showed regression of lesions on 1 
image taken at 7 days after the initial image. In practice, it is unnecessary and 
useless to ask for a control chest X-ray for a child with pneumonia. Only the 
clinical evolution must be followed. The persistence of symptoms can lead to 
request a control chest X-ray. In this study, the delay between initial and control 
chest X-ray was short, in order to guarantee a radiological evolution, the delay 
must be at least 10 days for bacterial pneumonia and 21 days for viral or atypical 
pneumonia [17]. Chest X-ray is often unable to detect early changes of pneumo-
nia [18]. 

4.2. Request Form 

On 30.7% of the requests form, the clinical information provided was a symp-
tom. This result is similar to that found by Moifo et al. (30.9%) in 2013 [19]. The 
pertinence of the request form requires a good formulation of the examination’s 
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purpose, the synthesis of the clinical history leading to this request, but also of 
the context and the history justifying a particular care, including the manage-
ment of the risks related to the act requested [20]. There was no indication in 
69.3% of the request forms. This is higher than those found by Moifo et al. 
(17.2%) and by Roussel and Lelievre (20%) [19] [21]. The indication is not only 
an element of justification for the imaging procedure, but is also an essential pa-
rameter for technical choices and in the interpretation of the images, some refer-
ring physicians are not aware on its importance. Moifo et al. in 2014 showed that 
the knowledge of physicians on radiating medical procedures and justification of 
requests were inadequate [22]. The presence of clinical information improves 
the interpretation of images, and in their absence, errors in the perception of ra-
diological abnormalities can be as high as 60% [23]. After confrontation of indi-
cation to the “Guide for proper use of medical imaging examinations” (GPU) of 
the French Society of Radiology (FSR), requested examination was conform only 
in 24%. 

4.3. Technical Conditions 

The chest x ray technique in children differs from one patient to another ac-
cording to their age and cooperation. In young children, the patient lies on the 
table and the hands are held above the head. In an older patient, the child stands 
upright and then in a lateral view as the images is obtained. In this study, most 
of the children were imaged in a standing-up position (82.9%) and the ante-
rior-posterior view (77.9%) was more practiced. According to Brunelle, only the 
frontal view in deep inspiration, while standing is the only initial image to ask to 
diagnose pneumonia, systematic lateral view is useless in the majority of cases 
(98%) except when there is a doubt [24]. Sometimes children are frightened by 
the large and unfamiliar equipment in the X-ray room. Antero-posterior view 
was most often preferred because it was reassuring for most children and the 
thymus is well seen in infants up to 2 years. 

87 (62.1%) of parents or guides were present in the examination room, 72 
(82.7%) of them helped to immobilize children because they don’t cooperate or 
their bad general state of health. None of the parent was wearing lead apron. 
Parents were allowed to be with the child to aid the study and for reassurance of 
the child. When the image is about to be taken, parents are encouraged to re-
mind the child to hold still so that the picture will be sharp and clear. But par-
ents should be provided a lead apron anytime they are in the x-ray room with 
their child. This is consistent with the concept of keeping radiation dose as low 
as reasonably achievable (ALARA) [25]. 

A total of 25 chest X-ray was repeated including 12 (48%) due to motion blur 
and 13 (52%) due to the mispositionning of the child. Restraining the child is 
necessary, as it is in the best interest of the patient to have an adequate exposi-
tion. In some subsaharian countries like Cameroon, there is a lack of suitable 
equipment for restraining children in radiology unit, so the technologist have to 
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work in tandem with parents to optimize techniques in working with the child in 
order to reduce radiation exposure by not repeating the examination. Schmit P 
found that 13% of parents were present in the X-ray examination room [26]. In 
developed countries, there are policies for X-ray facility and radiology units are 
equipped with dedicated devices to children and restraining equipment. 

4.4. Image Quality 

A total of 90 (62%) of images had an adequate density while 31% were overex-
posed but were selected. LK Agoda Koussema et al. found 80.49% good images 
quality, 3.25% overexposed, 2.43% underexposed and 14.02% were rejected [5]. 
Fujifilm computed radiograph system with direct view cassette was used in our 
study. Computed radiograph has a good spatial and contrast resolution compa-
rable to those of screen-film radiography [2]. In Fujifilm computed radiography 
(FCR) devices, there is software called Multi-frequency Processing (MFP) which 
provides more diagnostic data from a single exposure image. MFP improves 
visibility of both dense (mediastinum) and peripheral tissue (pulmonary paren-
chyma). The radiation X-ray beam was not cone in 59 (42.1%) patient (Figure 
4). This increases the scatter radiation to other parts of the body. Soboleski et al. 
in 2006 concluded present positioning techniques in neonatal and pediatric 
chest radiography result in unnecessary radiation exposure to non-thoracic 
structures, like the thyroid and the gonads, because they do not bring any clini-
cal interest [27]. Emphasis should be placed on technologist to tightly cone the 
radiation beam to limit the area to be irradiated. 

4.5. Radiation Exposure 

Radiation protection in pediatric radiology requires a more special attention 
than in adult radiology because children have a longer life expectancy than 
 

 
Figure 4. Insufficient X-ray beam closure. 
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adults and are therefore at a greater risk to the long-term side effects of radia-
tion. It can be seen in Table 7 that the exposure parameters used for different 
X-ray examinations varied with the age group. The tube voltage values used in 
this study are higher than those recommended by the European Commission 
and those of Zewdu et al. in Ethiopia [7] [28]. The obtained ESD values were 
mostly higher than the values in internationally published studies [8] [9] [10] 
[11] [12]. This can be explained by the use of short focus to skin distance and by 
the fact that technologist are focused to ensure a good quality of image instead of 
parameters adjustment. The use of optimum FSD is considered very important 
since a direct relationship between shorter FSD, higher patient’s dose and de-
creased geometric sharpness has been well established. The International Com-
mission on Radiological Protection (ICRP) recommends the use of Diagnostic 
Reference Levels (DRL) as a first measure of radiation dose optimization for pa-
tients [29]. There is not yet in Cameroon DRL in pediatric imaging. This study 
shows the need to establish pediatric Local Diagnostic Reference Levels (LDRLs) 
and can be used as a baseline upon which future dose measurements may be 
compared. 

As limitations: this study concerns a single hospital and can not give a real 
idea of the practice of the chest x-ray in the child in our country, but neverthe-
less it gives as well guidance on the practice of this exam and can allow to take 
decisions. 

5. Conclusion 

The request form for children chest X-ray is not relevant. The dosimetric evalua-
tion allowed us to observe dose variations for the same age and weight class. The 
dose values obtained were higher than those presented by some recent publica-
tions. All this could be explained by the non-compliance of equipment that is 
not specific to pediatric radiology, a lack of standardization of examination pro-
tocols and also a lack of training of personnel in pediatric radiology. The results 
of the present study indicate a need to improve the quality of examination re-
quest form and to establish pediatric Local Diagnostic Reference Levels (LDRLs). 
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Abstract 
Background: Radiology in elderly as pediatric radiology poses a number of 
problems. The normal radiological appearance of the elderly patient’s chest is 
very varied and the changes are ubiquitous. Purpose: To describe the com-
puted tomography profile of the elderly subject’s chest. Materials and 
Methods: Descriptive prospective study from January 1st to June 30th, 2018 
carried out at the University Campus Hospital of Lomé. Results: We re-
corded 64 chest CT scans. The average age of the patients was 71.3. Internists 
(n = 21, 32.8%) and general practitioner (n = 16, 25%) were the major appli-
cants for these tests. In most cases, thoracic CT examinations were requested 
as part of an extension assessment (n = 21, 32.8%), dyspnea and pneumonitis 
in 18.8% of cases each. All thoracic CT examinations were performed with 
contrast injection. CT with the TAP protocol was the most observed, ac-
counted for more than half of the exams (56%). The main pathological lesions 
observed were diffuse parenchymal lesions (39.5%), pleurisy (11.1%) and 
PAH (11.1%). Conclusion: Computed tomography occupies an important 
place in the care of the elderly but the actors involved in their care must be 
trained to take optimal care. 
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1. Introduction 

According to the World Health Organization (WHO), an elderly person is de-
fined from the age of 60, in Africa [1]. Today, most people have a life expectancy 
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of over 60 years. By 2050, the global population aged 60 and over is expected to 
reach 2 billion, up from 900 million in 2015 [2]. 

With age, geriatric imaging is characterized by a combination of abnormali-
ties, often normal consequences of aging. In fact, the thorax undergoes, like all 
the other organs of the body, changes related to aging. Radiology in elderly as 
pediatric radiology poses a number of problems. The normal radiological ap-
pearance of the elderly patient’s chest is very varied and the changes are ubiqui-
tous [3]. 

In Togo, the elderly population is estimated at more than 4% in 2010 [4] and 
the care of these people is multidisciplinary. Also we miss studies devoted exclu-
sively to the imaging of the elderly person. The aim of this study was to deter-
mine the computed tomography (CT) of the pathological thorax of the elderly at 
the Lomé University Hospital Center, by determining the qualification of the 
prescriber for thoracic CT scans of the elderly person and by describing the 
technical conditions of realization and the main lesions observed. 

2. Materials and Method 

We carried out a prospective study which was held over a period of 6 months, 
from January to June 2018 in the radiology department of the University Hospi-
tal Campus of Lomé. The Campus University Hospital is a national referral hos-
pital and his radiology department performed about 15 CT scans a day.  

Included in this study were all thoracic CT scans performed in subjects over 
60 years of age during the study period. In this study, we also considered thora-
coabdominopelvic CT (TAP-CT) examinations by integrating only the thoracic 
lesions observed. The exams performed in the context of the surveillance of 
known pathology are excluded from this study. 

The data collection was done using the forms developed for this purpose. 
These cards included: patient demographics including age and sex, applicant 
qualification, indications and examination result. All these chest exams were re-
corded for each working day during the entire duration of the study. 

The data collected on the survey cards were analyzed and processed by com-
puter. The computer exploration was done by the software Epi Info 7. 

3. Results 
3.1. Socio-Demographic Characteristics 

Sixty-four exams were recorded in this study. The average age of the patients 
was 71.3 years with extremes of 60 and 95 years. The male sex was predominant 
with 40 men (62.5%) and 24 women (37.5%). 

3.2. Profile of Prescriber 

The requests for thoracic CT examinations were made mainly by internist phy-
sicians (32.8%), general practitioners (25%) and cardiologists in 23.4% of cases 
(Table 1). 
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3.3. Indications for Thoracic CT 

Thoracic CT examinations were in most cases requested as part of an extension 
assessment (32.8%). Dyspnea and pneumopathy came in 2nd position in 18.8% 
each (Table 2). 

3.4. Technicalconditions of Realization 

All thoracic CT examinations were performed with contrast injection. CT with 
the TAP protocol was the most observed, accounted for more than half of the 
exams or 56% (Figure 1). 

3.5. Result of Thoracic CT Exams 

For all the examinations 40 were pathological or 62.5%. The rest of the examina-
tions were normal (n = 24, 37.5%). 

The main pathological lesions observed were: diffuse parenchymal lesions 
(Figure 2) in 39.5% of cases, pleurisy (11.1%) and pulmonary arterial hyperten-
sion (Figure 3) in 11.1% of cases. All lesions were listed in Table 3. 

4. Discussion 
4.1. Study Population  

Sixty-four thoracic CT scans were recorded in this study. The average age of the  
 
Table 1. Distribution of applicants for thoracic CT scans by specialty. 

 Number Percentage 

Cardiologist 15 23.4% 

Surgeon 1 1.6% 

Internist 21 32.8% 

General practitioner 16 25% 

Neurologist 11 17.2% 

Total 64 100% 

 
Table 2. Distribution of indications for thoracic CT. 

 Number Percentage 

Hemoptysis 4 6.3% 

Dyspnea 12 18.8% 

Chest pain 1 1.6% 

Extension report 21 32.8% 

Suspicion of pulmonary embolism 7 10.9% 

Mediastinal mass 7 10.9% 

Pneumopathy 12 18.8% 

Total 64 100% 
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Figure 1. Distribution of chest CT exams according to the protocols. *TAP-CT = Thora-
coabdominopelvic CT. 
 

 
Figure 2. Pulmonary artery trunk (arrow) dilatation measured at 57 mm reflecting pul-
monary arterial hypertension. 
 

 
Figure 3. Reticulonodular opacities (arrows head) associated with multiple parenchymal 
cysts (arrows). 
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Table 3. Results of chest CT examinations. 

 Number Percentage 

Pleurisy 9 11.1% 

Pneumothorax 2 2.5% 

Sequelal lesions 3 3.7% 

Mediastinal lymphadenopathy 6 7.4% 

Pulmonary embolism 1 1.2% 

Bone injury 2 2.5% 

Diffuse parenchymal lesions 32 39.5% 

Pulmonary nodule 2 2.5% 

Emphysema 5 6.2% 

Bronchiectasis 5 6.2% 

Lesions of the soft parts 1 1.2% 

Broncho-oesophageal fistula 2 2.5% 

Aneurysm of the thoracic aorta 2 2.5% 

Pulmonary arterial hypertension 9 11.1% 

 
patients was 71.3 years with extremes of 60 and 95 years. The male sex was pre-
dominant with 62.5%. Zeh et al. in Cameroon had found a similar result with 
63% of men in their series [5]. Adeneji-Sofoluwe et al. had also a male predomi-
nance with 63.1% of men [6]. Men would be more exposed to thoracic patholo-
gies requiring CT scanning than women in old age. Indeed, men are more ad-
dicted to smoking, alcoholism or intoxication of the drug than women, risk fac-
tors for tumors. 

4.2. Profile of Chest CT Exams Prescriber 

In this study, internist physicians expressed more demand for thoracic CT with a 
rate of 32.8%; followed by general practitioners (25%), and cardiologists (23.4%). 
Adeniji-Sofoluwe et al. had also found a predominance of internist physicians in 
a proportion of 47.1% [6]. We had not received a request for thoracic CT from 
pulmonologists for the duration of this study. These results differ widely from 
those of Awana et al. where pulmonologists were the largest providers of chest 
CT followed by general practitioners with respective percentages of 27.2 and 
18.6% [7]. The paradox is that no chest CT performed during this study had 
been requested by a pulmonologist. This result can be explained, on the one 
hand, by the absence of a pulmonology department at the Lomé Campus Uni-
versity Hospital, with internist and general practitioners playing this role. On the 
other hand, the comorbidities often observed in these elderly people, which had 
to be managed by a geriatrician, are provided by the internist doctors.  

4.3. Indications of Chest CT Exams 

In most cases, thoracic CT examinations were requested as part of an extension 
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assessment (32.8%). These examinations are often requested in association with 
the abdomen and the pelvis. Thus, the TAP-CT protocol was the most used. It 
represents in this study 56% of exams. CT is the imaging technique increasingly 
used for the diagnosis of metastases [8]. Zeh et al. found a much higher propor-
tion with about 45% of suspected tumors [5]. Detection of pulmonary metastases 
requires chest radiography and/or thoracic CT. Numerous studies have evalu-
ated the respective efficacy of these two tools for lung metastases. These studies 
show that chest radiography is often used as a first-line examination. However, 
CT is more sensitive than radiography for the detection of pulmonary nodules 
[9] [10]. Today, with CT in helical mode, more small nodules are detected.  

4.4. Technical Conditions of Realization 

All computed tomography examinations were performed with injection of con-
trast medium. This does not seem to us totally justified. In fact, nearly 1/5 of the 
examinations were requested just as part of the exploration of pneumopathy. 
Contrast injection could be avoided in some of this class of patients. According 
to the French radiology society, chest CT can be performed without injection of 
contrast medium, if the objective is only the search for pulmonary parenchymal 
abnormality (nodule, condensation, bronchiectasis, diffuse infiltrative pneumo-
pathy…) [11]. The study of the pulmonary parenchyma itself does not require 
intravenous contrast. Contrast injection is reserved for vascular pathology, se-
rous studies, and certain oncological and infectious indications [12]. The injec-
tion protocol can be adapted according to the indication and the compartment 
to be explored.  

4.5. Result of Chest CT Scan 

For all the examinations carried out, 62.5% were pathological. The rest of the 
exams were normal (37.5%). Zeh et al. had found 17% of normal examinations 
for all thoracic CT exams performed in university hospitals in Yaoundé without 
age restriction [5]. This difference may pose a problem of not justifying certain 
CT examinations carried out in our service. Indeed, thoracic CT is a second in-
tension examination in front of any pneumological symptom, the chest X-ray 
having to be realized in 1st intention. However, the value of the negative exami-
nation should not be underestimated. 

The pathological lesions observed were dominated by diffuse parenchymal le-
sions (39.5%). It is a heterogeneous group of pulmonary diseases whose com-
monality is to be the manifestation of an abnormal tissue response that is exclu-
sively or predominantly in the interstitium, in most cases reaching the alveolar 
and capillary structures. These lesions could be associated with others such as 
bronchiectasis and lymphadenopathy. The analysis of multiple pulmonary par-
enchymal abnormalities in thoracic CT is a real diagnostic challenge. In fact, 
these abnormalities may be the consequence of a pathology of the pulmonary 
interstitial tissue, of the tracheobronchial tract, of the cardiovascular system, of a 
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hemorrhagic, cellular, or tumoral consolidation, or of several etiologies at once 
[13]. 

Pleurisy and pulmonary arterial hypertension (PAH) ranked second after dif-
fuse parenchymal lesions with 11.1% of cases each. In the Adambounou et al. 
Series, pleurisy accounted for 23% of the reasons for hospitalization of elderly 
subjects in the pulmonology department of SylvanusOlympio University Hospi-
tal in Lomé [14]. The high frequency of pleurisy in the elderly can be explained 
by a decrease in immunity with age, or a history of smoking and alcohol intoxi-
cation. It can also be associated with tumors or infection [14].  

Pulmonary arterial hypertension is defined by the permanent elevation of 
pressures in the pulmonary vascular bed. It is defined by WHO as mean pulmo-
nary arterial pressure above 25 mmHg [15]. In the study of Tromeur el al. in 
France, the prevalence of PAH in the general population was estimated at 25 
cases per million inhabitants [15]. The incidence of PAH in its idiopathic form 
would be of the order of 2 cases per million inhabitants per year, which would 
represent 100 to 200 new annual cases in France [16]. Thoracic CT angiography 
has become an essential examination in the diagnosis of PAH. It allows not only 
to look for signs of positive diagnosis but also to make an assessment of exten-
sion (aetiological assessment) and an evaluation of the pulmonary parenchyma 
[11] [15] [17]. The gold standard examination of this condition is certainly right 
heart catheterization [11] but it is limited in the etiological research of this affec-
tion. 

5. Conclusion 

Computed tomography occupies an important place in the management of the 
thoracic pathology of the elderly. It is often requested in the assessment of ex-
tension of malignant tumors and by internist doctors. Parenchymal lung lesions, 
pleurisy and pulmonary arterial hypertension are the most observed abnormali-
ties. 
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Abstract 
Purpose: This study aimed to examine whether the signal-to-noise ratio 
(SNR) could be increased by combining integrated slice-by-slice shimming 
(iShim) with a fat suppression (FS) method other than short-tau inversion 
recovery (STIR) in diffusion-weighted imaging (DWI) and q-space imaging 
(qsi). Methods: We acquired DWI images (b-values: 0 and nine steps from 
400 to 10,000 s/mm2 for six axes) using a prototypical single-shot echo planar 
imaging sequence by combining two types of shimming (3D Shim and iShim) 
and two types of FS (STIR and water excitation [WE]) in 10 volunteers. In the 
DWI study, the SNR for each b-value, FS effect in the b0 image, and distor-
tion in the added image (b0 - b10,000) were evaluated for the above-mentioned 
four imaging methods. qsi involved original DWI images. In the qsi study, the 
SNR was evaluated. Results: With regard to both 3D Shim and iShim, the 
SNRs were significantly higher when using WE than when using STIR in b0 - 
b900 images (p < 0.01). For 3D Shim, however, the SNR increase effect of WE 
disappeared (p < 0.01) at b1600 or higher. For iShim, the SNR increase effect 
of WE was maintained up to b3600 (p < 0.01). The FS effect of STIR was supe-
rior to that of WE (p < 0.01). Although WE had a weak FS effect, its FS effect 
was greater with iShim than with 3D Shim (p < 0.01). In added images, with 
iShim, the spinal cord area became significantly smaller (p < 0.05), resulting 
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in a less distorted image when compared with the 3D shim image. On qsi, 
with regard to both 3D Shim and iShim, the SNRs were significantly higher 
when using WE than when using STIR (3D Shim: p < 0.05; iShim: p < 0.01). 
The SNR of iShim/WE was superior to that of 3D Shim/WE (p < 0.05). Con-
clusion: The combination of iShim and WE has a high SNR on qsi. 
 

Keywords 
iShim, Fat Suppression, Water Excitation, Diffusion-Weighted Imaging, 
q-Space Imaging (qsi) 

 

1. Introduction 

The qualitative evaluation of the central nervous system (CNS) using magnetic 
resonance imaging (MRI) has recently become possible owing to the introduc-
tion of diffusion-weighted imaging (DWI). Diffusion tensor imaging (DTI) is a 
DWI approach incorporating the concept of anisotropy of diffusion restriction, 
and it was first developed in the CNS, especially the brain. The utility of the ap-
proach in the spinal cord, which is a part of the CNS, has been reported in ani-
mal experiments [1] [2] [3] and clinical trials [4] [5] [6] following evaluation in 
the brain. DTI parameters have been used to estimate the presence of a biologi-
cal diffusion barrier (myelin) in the CNS [7] [8] [9]. DTI is based on the as-
sumption that water molecules follow Gaussian distribution. In human tissues, 
however, water molecules diffuse according to a non-Gaussian distribution [10]. 
q-space imaging (qsi) [11] addresses this aspect. qsi is a DWI approach that con-
siders non-Gaussian diffusion for the water molecule diffusion pattern in the 
human body, and it has shown contrast exceeding that with DTI in animals [12] 
[13]. Previously, qsi had a long acquisition time and was difficult to apply clini-
cally. We recently successfully performed qsi in a clinical setting within an ac-
ceptable acquisition time (<8 minutes) with reduction of the number of b-value 
steps and without loss of the characteristic probability density function (PDF) 
curve [13] [14]. qsi has been used for the evaluation of the brain in multiple 
sclerosis patients [14]. Similar use of qsi for the evaluation of the spinal cord, 
which shows common diseases related to demyelination, such as cervical mye-
lopathy, is expected. However, as the spinal cord is smaller than the brain, an 
increase in the signal-to-noise ratio (SNR) is required for adaptation to the spi-
nal cord in order to obtain images that are easy to understand visually. 

Generally, on DWI, it is important to maintain a sufficient SNR in high-b-value 
images to achieve a high spatial resolution [15] [16]. Echo time (TE), and repeti-
tion time (TR) are representative parameters that affect the SNR. With regard to 
TE, a sufficiently long diffusion time is important for qsi. However, if the diffu-
sion time is increased, TE increases. Similarly, with regard to TR, the SNR does 
not change with a certain time or a longer time. Therefore, it is difficult to im-
prove the SNR only by adjusting TE and TR. In addition, as a chemical shift 
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artifact (CSA) always occurs in DWI or echo planar imaging, it is indispensable 
to use fat suppression in combination. Studies have reported that the use of 
short-tau inversion recovery (STIR) in combination with DWI leads to an im-
provement in image quality [17] [18] [19]. However, STIR has the disadvantage 
of a lower SNR when compared to that for other fat suppression methods [15]. 

It has been reported that integrated slice-by-slice shimming (iShim) is associ-
ated with less distortion and results in an increased SNR in whole-body diffu-
sion-weighted examinations, particularly in the cervical region [20] [21]. As 
mentioned above, it is difficult to improve the SNR with general parameters in 
DWI, and the SNR decreases with STIR combination. Thus, we examined 
whether the SNR could be increased by combining iShim with a fat suppression 
method other than STIR in DWI and qsi. 

2. Materials and Methods 
2.1. Study Population 

This cross-sectional study included 10 Japanese non-symptomatic volunteers 
(mean [standard deviation (SD)] age, 33.5 [9.2] years; 8 males, 2 females), who 
were recruited from Keio University. We obtained informed consent from all 
volunteers. Nurick et al. [22] reported that cervical myelopathy develops at the 
age of over fifty years. For this reason, we selected healthy volunteers under the 
age of fifty this time. This study was approved by the ethics committee of Keio 
University School of Medicine (Approval No. 20170024). All participants pro-
vided informed consent to participate in the study.  

2.2. MRI Protocol 

All participants underwent imaging of the cervical-upper thoracic spine (i.e., oc-
cipital bone—the upper thoracic spine) using a 3T MRI scanner (MAGNETOM 
Skyrafit 3T, Siemens Healthcare, Erlangen, Germany) with a 64-channel head-neck 
coil (Siemens Healthcare). T2 weighted imaging and axial qsi was performed.  

The imaging parameters for qsi using a prototypical spin-echo-type sin-
gle-shot echo-planar DWI sequence were as follows: TR, 10,000 ms; TE, 137 ms; 
average number, 2; field of view (FOV), 273 × 273 mm2; matrix size, 256 × 256; 
resolution, 1.06 × 1.06 mm2; slice thickness, 6 mm; acceleration mode, general-
ized autocalibrating partial parallel acquisition; acceleration factor, 2; acquisition 
time, 9 min 56 s. There were 10 b-values (0, 400, 900, 1600, 2500, 3600, 4900, 
6400, 8100, and 10,000 s/mm2), and each b-value, except b0, had diffusion en-
coding in six directions. Data from the six directions were acquired separately 
and then averaged. The corresponding q-values for the 10 b-values were 0, 112.5, 
168.8, 225.1, 281.3, 337.6, 393.9, 450.2, 506.4, and 562.7 cm−1, respectively. The 
gradient length (δ) and time between the two leading edges of the diffusion gra-
dient (Δ) were 29.4 and 44.0 ms, respectively. Four types of qsi images were ob-
tained by combining two types of main magnetic field (B0) shim modes (con-
ventional 3D Shim and iShim) and two types of fat suppression (water excitation 
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[WE], δ 44.0 ms and Δ 66.9 ms, and STIR, δ 41.2 ms and Δ 67.0 ms). We evalu-
ated the usefulness of iShim by examining the SNR and fat suppression effect 
among the aforementioned four types of qsi images. 

2.3. Shimming Techniques 

Conventional 3D Shim and iShim protocols were as previously described [21]. 
Briefly, for the conventional 3D Shim protocol, high-order shimming (up to the 
second order) was used for the entire slice stack of each bed position, and the 
acquisition of the field map was included in the automated scanner adjustment. 
For the iShim protocol, the acquisition of the field map was integrated into the 
prototypical single-shot DWI echo-planar imaging sequence. Using a double-echo 
gradient-echo scan, a 2D field map is acquired for each slice during an initial 
calibration phase, and slice-wise center frequencies and optional linear shim 
terms are calculated. Prior to the acquisition of each slice during the imaging 
phase, the frequency and the linear shim terms are dynamically updated. In con-
trast to this slice-wise, dynamic shimming approach, only a single center fre-
quency and shim setting for the entire stack of slices are determined with con-
ventional frequency adjustment and 3D shimming. Therefore, the target shim 
volume for iShim is much smaller which is why performance of shimming is 
improved. Acquisition time of the field map for iShim was approximately 540 
milliseconds per slice, resulting in 19 seconds for a 35-slice station. Processing 
time of the field map was negligible.  

2.4. Fat Suppression Techniques 

Water excitation is a “spatial-spectral” pulse sequence designed to simultane-
ously select a spatial band (section thickness) and a spectral band (water) that 
excites the water inside a section and leaves the fat as well as tissues outside the 
section unaltered [23] [24]. STIR was introduced as a variant of previously used 
inversion-recovery sequences in low-field-strength MRI [25] [26]. 

2.5. qsi 

qsi calculations were performed using an in-house program (developed in C++; 
Embarcadero Technologies, Inc., Austin, TX, USA). The diffusion values and 
their calculation procedures were as previously described [27] [28] [29]. Briefly, 
the diffusion coefficient (D) and the signal decay of diffusion measurements 
were defined according to the following formula: 

( ) ( )2 2 2
0ln 3S S G D bDγ δ δ= − ∆ − = −                  (1) 

where S/S0 is the normalized diffusion signal, γ is the proton gyromagnetic ratio 
(42.577 MHz/T), G and δ are the amplitude and duration of motion-probing 
gradients (MPGs), respectively, and Δ is the separation time between the leading 
edges of these gradients. When normalization was performed for formula (1), 
the following formula is obtained: 
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( ) ( )2 2exp 4E q q d Dπ= − ∆                      (2) 

where E(q) is the measured signal intensity decay as a function of q. 
The non-Gaussian PDF of water diffusion was obtained with Fourier trans-

formation of formula (2) according to the Stejskal-Tanner diffusion preparation 
[30]. After Fourier transformation of formula (2), the following formula is ob-
tained: 

( ) ( ) ( )( )2, 1 4 exp 4P R D R Dπ ∗ −∆ = ∆ ∆              (3) 

The PDF [P(R, Δ)] giving the probability density that a molecule moves the 
distance R during the time Δ is accordingly calculated [31]. If the object to be 
measured includes one element, the PDF shows Gaussian distribution. However, 
if the object includes several elements, the PDF shows non-Gaussian distribu-
tion, reflecting the complexity of the measured object. The important theory in 
qsi is that Fourier transformation of signal decay with respect to the b-value 
provides the PDF for diffusion by using multiple q-values. In this case, the 
q-value, which represents the horizontal axis, is defined by the following for-
mula: 

2q Gγδ π=                             (4) 

The figure of the calculated PDF can be characterized by full width at half 
maximum (FWHM) and Kurtosis. Kurtosis can be calculated using the following 
formula: 

41Kurtosis 3ix x
N SD

− = − 
 

∑                     (5) 

where N is the number of data points (i.e., number of b-value steps used), x is 
the probability value (a.u.) obtained from the PDF, and SD is the standard de-
viation of the x values. 

2.6. SNR Calculation 

The imaging values were measured using ImageJ 1.48 v software (available at 
http://rsbweb.nih.gov/ij/; National Institutes of Health, Bethesda, MD, USA). 
The regions of interest (ROIs) were set on the C2/3 level spinal cord [32] 
(Figures 1(A)-(E)) and background (Figure 1(D)). In DWI analyses, which are 
associated with qsi, the value of the b0 image and the average value of the six di-
rections in each of the other images (b400 to b10,000 images) were obtained. 
The mean signal intensity (SI) of the spinal cord and the SD of the SI at the 
background as noise were measured on DWI for the calculation of the SNR. On 
qsi, as background noise cannot be measured; we defined the SD of the SI at the 
spinal cord as noise. The SNR of DWI and that of qsi were calculated using the 
following formulas: 

1
2 SC

BG

SI2SNR of DWI 2
SDπ

 = − 
 

                     (6) 
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Figure 1. The setting of regions of interest (ROIs) in axial cervical spinal magnetic reso-
nance images and the construction of images for the evaluation of distortion. (A) Sagittal 
T2 weighted image for reference. Axial C2/3 level DWI and qsi were used for analyses; 
(B) b0 reference image; (C) Kurtosis reference image; (D) Setting of a ROI at the spinal 
cord (*) and a 4 cm × 4 cm ROI at the background (**) in the b0 image (B); (E) Setting of 
a ROI at the spinal cord (*) in the Kurtosis image (C); (F) 3D Shim/water excitation (WE) 
reference image at cervicothoracic junction level; (G) 3D Shim/short-tau inversion re-
covery (STIR) reference image at cervicothoracic junction level; (H) iShim/WE reference 
image at cervicothoracic junction level; (I) iShim/STIR reference image at cervicothoracic 
junction level; (J, K, L, and M) Setting of ROIs at the parts where the fat suppression ef-
fect was insufficient in (F, G, H, and I); (N) Construction of images for the evaluation of 
distortion. An added image is constructed with the inverted b0 image and the images 
from b400 to b10,000; CSF: cerebrospinal fluid, Scale bar: 50 mm. 
 

sc

sc

SI
SNR of qsi

SD
=                           (7) 

where SISC is the SI of the spinal cord, SDBG is the SD of the SI at the background, 
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and SDSC is the SD of the SI at the spinal cord. 

2.7. Evaluation of the Fat Suppression Effect 

The fat suppression effect was evaluated using b0 images at cervicothoracic 
junction level (Figures 1(F)-(I)). First, we confirmed visually that the imaging 
method with the lowest fat suppression effect was 3D Shim/WE (Figure 1(F) 
and Figure 1(J)). To use the b0 image of 3D Shim/WE, we qualitatively set the 
ROIs on areas where fat suppression was insufficient (Figures 1(J)-(M)). To use 
these ROIs, we compared the mean SI in each of the above-mentioned four types 
of b0 images (Figures 1(F)-(M)). 

2.8. Evaluation of Distortion 

Distortion was evaluated using the size of the spinal cord in the additionally 
calculated added image, which was generated as follows: First, the b0 image was 
inverted in order to display the spinal cord with a high SI when compared to 
that of the surrounding cerebrospinal fluid region. Afterwards, the inverted b0 
image and the original b400 - b10,000 images of all axes were summed up. If the 
distortion is strong, the spinal cord regions do not overlap and are broadly dis-
played hyperintense in the added image (Figure 1(N)). To compare the size of 
the spinal cord in the added image among the above-mentioned four types of 
imaging methods, we evaluated the strength of distortion. Each value was meas-
ured by two experts (Y.S. and D.N. [13 and 11 years of experience, respectively]) 
with consensus. To assess the reproducibility of the calculations, blinded analy-
ses were performed, and they involved independent triplicate analyses on dif-
ferent days. Reproducibility was quantified using the intraclass correlation coef-
ficient (ICC) for absolute agreement. The ICC values were interpreted as follows: 
0.81 - 1.0, substantial agreement; 0.61 - 0.80, moderate agreement; 0.41 - 0.60, 
fair agreement; 0.11 - 0.40, slight agreement; 0.00 - 0.10, virtually no agreement 
[33]. An ICC value > 0.81 was considered to represent good agreement. 

2.9. Statistical Analysis 

Data are presented as mean ± standard deviation. Multiple comparisons among 
the four imaging methods were performed using Student’s t-tests with Bon-
ferroni correction. All statistical analyses were performed using SPSS Statistics 
software, version 24 (IBM Corp., Armonk, NY, USA). The significance level for 
all tests was set at p < 0.05. 

3. Results 
3.1. Calculation of Reproducibility 

Blinded assessments (setting ROIs) involving independent triplicate analyses 
were performed. The ICC for intraobserver reproducibility was 0.914, indicating 
good reproducibility among the three analyses, and the ICC for interobserver 
reproducibility was 0.921, indicating good reproducibility among the observers. 
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3.2. DWI Analysis 

Representative DWI images (b0, b900, b10,000, and added images for the 
above-mentioned four imaging methods) are presented in Figure 2. 

3.2.1. SNR 
The SNRs were higher when combining WE than when combining STIR in b0 
images (Figures 2(A)-(D)). The SNRs are quantitatively presented in Figure 3. 
With regard to both 3D Shim and iShim, the SNRs were significantly higher 
when combining WE than when combining STIR in b0 - b900 images (p < 0.01) 
(Figures 3(A)-(C)). However, for 3D Shim, the SNR increase effect of WE dis-
appeared at b1600 or higher (p < 0.01) (Figure 3(D)). Interestingly, for iShim, 
the SNR increase effect of WE was maintained up to b3600 (p < 0.01) (Figures 
3(E)-(G)). Table 1 summarizes the results of the SNR on DWI. At b6400 or 
higher, there was no difference in the SNR among the four imaging groups on 
one-way analysis of variance (Figures 3(H)-(J) and Table 1).  

3.2.2. Fat Suppression Effect 
As the b-value increased, the fat suppression effect of STIR, which is superior to  
 

 
Figure 2. Representative diffusion-weighted images (b0, b900, b10,000, and added im-
ages) for the four imaging methods. Contrast is aligned for the b-value images (each type) 
and the added image. (A, E, I, and M) 3D Shim/water excitation (WE) images; (B, F, J, 
and N) 3D Shim/short-tau inversion recovery (STIR) images; (C, G, K, and O) iShim/WE 
images; (D, H, L, and P) iShim/STIR images. The first row presents b0 images, second 
row presents b900 images, third row presents b10,000 images, and fourth row presents 
added images. Scale bar: 50 mm (A - L) and 20 mm (M - P). 
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Figure 3. Quantification of the signal-to-noise ratio (SNR) on diffusion-weighted imag-
ing (10 volunteers in each group). Box and whisker plots: the bottom and top of the box 
are the first and third quartiles, respectively, and the band inside the box is the second 
quartile (the median). The ends of the whiskers represent the minimum and maximum of 
the data. White circles represent outliers. Student’s t-test with Bonferroni correction was 
used to evaluate the relationships among the four imaging groups for each b-value: b0 
(A), b400 (B), b900 (C), b1600 (D), b2500 (E), b3600 (F), b4900 (G), b6400 (H), b8100 (I), 
and b10,000 (J). There is no difference at b6400 or higher on one-way analysis of vari-
ance. ns: not significant, **: p < 0.01. 
 
WE, became clearer (Figures 2(A)-(L)). Although WE has a weak fat suppres-
sion effect, its fat suppression effect is greater with iShim than with 3D Shim 
(Figures 2(E)-(L)). These findings were confirmed quantitatively (p < 0.01) 
(Figure 4(A)). 
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Table 1. Summary of the results of the signal-to-noise ratio in diffusion-weighed images 
and q-space imaging images (four imaging methods).  

 
3D Shim/WE 3D Shim/STIR iShim/WE iShim/STIR p* 

b0 94.41 ± 32.11 58.80 ± 17.71 86.31 ± 22.77 48.82 ± 6.22 p < 0.01 

b400 62.05 ± 16.28 37.63 ± 8.39 55.97 ± 15.29 33.57 ± 6.39 p < 0.01 

b900 39.23 ± 9.58 25.66 ± 6.97 37.46 ± 10.15 22.54 ± 5.19 p < 0.01 

b1600 25.40 ± 6.37 18.87 ± 5.49 24.69 ± 5.32 15.79 ± 3.84 p < 0.01 

b2500 18.25 ± 5.47 12.58 ± 3.64 17.98 ± 3.15 10.92 ± 2.70 p < 0.01 

b3600 13.35 ± 3.02 10.14 ± 2.86 13.17 ± 3.27 8.74 ± 2.32 p < 0.01 

b4900 11.38 ± 3.39 8.19 ± 2.04 9.98 ± 2.73 7.38 ± 1.92 p < 0.01 

b6400 8.45 ± 2.11 7.84 ± 2.81 8.87 ± 2.93 6.24 ± 1.56 ns 

b8100 8.35 ± 2.69 6.75 ± 2.01 8.05 ± 2.32 5.76 ± 1.35 ns 

b10,000 6.53 ± 1.86 6.08 ± 1.60 6.92 ± 1.88 5.30 ± 1.53 ns 

FWHM 4.49 ± 1.00 3.86 ± 0.49 5.27 ± 0.32 3.49 ± 0.68 p < 0.01 

Kurtosis 3.96 ± 0.69 3.17 ± 0.50 4.78 ± 0.72 3.26 ± 0.40 p < 0.01 

*analysis of variance, FWHM: full width at half maximum, WE: water excitation, STIR: short-tau inversion 
recovery, ns: not significant. 
 

 
(A)                                       (B) 

Figure 4. Quantification of the fat suppression effect in b0 images and the spinal cord 
area in added images (10 volunteers in each group). Box and whisker plots: the bottom 
and top of the box are the first and third quartiles, respectively, and the band inside the 
box is the second quartile (the median). The ends of the whiskers represent the minimum 
and maximum of the data. White circles represent outliers. Student’s t-test with Bon-
ferroni correction was used to evaluate the relationships among the four imaging groups 
for the fat suppression effect (A) and spinal cord area (B). a.u.: arbitrary unit, ns: not sig-
nificant, *: p < 0.05, **: p < 0.01. 

3.2.3. Evaluation of Distortion 
In the additionally calculated images, the spinal cord and cerebrospinal fluid re-
gion could be separated clearly by using iShim/WE (Figures 2(M)-(P)). In addi-
tion, by using iShim, the spinal cord area became significantly smaller (p < 0.05), 
resulting in less distorted images when compared with the 3D Shim images 
(Figure 4(B)). Table 2 summarizes the results of the fat suppression effect and 
evaluation of distortion. 
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3.3. qsi Analysis 

FWHM and Kurtosis images for the above-mentioned four imaging methods are 
presented in Figure 5.  

SNR 
With regard to FWHM, the structure consisting of gray and white matter 

could be well visualized with iShim/WE (Figures 5(A)-(E)). With regard to 
Kurtosis, the SNR was high with the imaging method using WE (Figures 
5(F)-(J)). The SNRs are quantitatively presented in Figure 6. With regard to 
both 3D Shim and iShim, the SNRs were significantly higher when using WE 
than when using STIR (3D Shim: p < 0.05; iShim: p < 0.01) (Figure 6(A) and 
Figure 6(B)). However, unlike DWI, on qsi, the SNR of iShim/WE was superior 
to that of 3D Shim/WE (p < 0.05). Table 2 summarizes the results of the SNR on 
qsi. 

4. Discussion 

We examined the appropriate shimming technique and combined fat suppres-
sion method for qsi, which involved various b-values from DWI. iShim/3D Shim  
 
Table 2. Summary of the results of fat suppression insufficiency in b0 images and the 
spinal cord area in added images (four imaging methods).  

 
3D Shim/WE 3D Shim/STIR iShim/WE iShim/STIR p* 

Fat suppression 
effect (a.u.) 

2543.73 ± 686.82 637.39 ± 145.47 1623.83 ± 205.25 842.60 ± 205.09 p < 0.01 

Area (mm2) 61.72 ± 9.50 60.17 ± 12.57 79.91 ± 13.92 79.81 ± 17.97 p < 0.01 

*analysis of variance, a.u.: arbitrary unit, WE: water excitation, STIR: short-tau inversion recovery. 

 

 
Figure 5. Representative q-space imaging images (full width at half maximum and Kurtosis) for the four imaging methods. 
Contrast is aligned for each qsi parameter. (A, F) iShim/water excitation (WE) reference images; (B, G) 3D Shim/WE images; 
(C, H) 3D Shim/short-tau inversion recovery (STIR) images; (D, I) iShim/WE images; (E, J) iShim/STIR images; The upper row 
presents full width at half maximum (FWHM) images, and the lower row presents Kurtosis images. CSF: cerebrospinal fluid, 
Scale bar: 10 mm. 
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(A)                                       (B) 

Figure 6. Quantification of the signal-to-noise ratio (SNR) on q-space imaging (10 vol-
unteers in each group). Box and whisker plots: the bottom and top of the box are the first 
and third quartiles, respectively, and the band inside the box is the second quartile (the 
median). The ends of the whiskers represent the minimum and maximum of the data. 
White circles represent outliers. Student’s t-test with Bonferroni correction was used to 
evaluate the relationships among the four imaging groups for full width at half maximum 
(FWHM) (A) and Kurtosis (B). *: p < 0.05, **: p < 0.01. 
 
and STIR/WE DWI acquisitions with the exact same scan parameters were per-
formed sequentially, and the impact of different shimming and fat suppression 
techniques on image quality was quantitatively examined. 

In the DWI study, the SNR of WE was higher than that of STIR with both 3D 
Shim and iShim at a low b-value. STIR is an approach that utilizes the difference 
between the relaxation time of water and fat through the application of an IR 
pulse [25] [26]. The water signal, which is inverted by the inversion pulse, is not 
fully recovered at excitation. Therefore, longitudinal magnetization also de-
creases, resulting in a decrease in the SI of the spinal cord when compared with 
the finding using chemical-shift-based fat suppression methods. However, 
chemical-shift-based fat suppression techniques are very sensitive to B0 inho-
mogeneity, and thus, the image quality might be degraded by fat ghosting. As 
iShim helps to significantly reduce B0 inhomogeneity, chemical-shift-based fat 
suppression techniques might provide efficient fat suppression. Chemical-shift- 
based fat suppression techniques, such as spectral adiabatic inversion recovery, 
are not compatible with iShim, as they exploit nonselective radio-frequency pulses. 
As an alternative, WE, which involves a binominal pulse, could be used with 
iShim [23] [24], because it is a slice-selective method. Therefore, it is possible to 
achieve selective excitation only when the longitudinal magnetization of fat is in 
equilibrium, using the difference between the frequencies of water and fat. Thus, 
it is considered that there is no decrease in the SI of the spinal cord and that the 
SNR increases when compared with images using STIR [23]. In addition, the 
SNR was maintained at a high b-value using iShim instead of 3D Shim. In order 
to further assess this phenomenon, a feature study of iShim was performed. 
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On assessing distortion, it was found that distortion tended to be lower with 
iShim than with 3D Shim, irrespective of the use of WE or STIR. As 3D Shim 
measures the imaging region at the same time and determines the center fre-
quency, a homogeneous magnetic field cannot be obtained in the cervical region 
with its complicated anatomical shape. On the other hand, iShim makes it possi-
ble to obtain a homogeneous magnetic field by measuring the B0 field map for 
each slice and performing slice-specific adjustments [21]. The neck region 
showed larger variations in slice to slice center frequency offset and linear fre-
quency shift in the phase-encoding direction when compared with the results in 
other body regions. This explains why 3D Shim, which delivers a single-center 
frequency and a set of shim currents per station, is not reliable in the neck region 
[20]. 

In the qsi study, with regard to the final calculated image, WE maintained a 
higher SNR when compared with the SNR using STIR, and this was further re-
inforced by combining iShim. This is considered to be associated with the high 
SNR of WE, low distortion of iShim, and strong fat suppression effect of iShim 
in the original image. We showed that a high SNR could be obtained by using 
iShim together with WE for the final qsi image instead of the original image. 
Our findings might lead to the advancement of qsi analysis. 

The present study has certain limitations. First, we could not implement fat 
suppression methods other than STIR and WE as iShim is not compatible with 
chemical shift selective imaging. Even with 3D Shim, a sufficient SNR might be 
obtained by combining other fat suppression methods. Second, participants in 
this study were healthy volunteers. Thus, the use of qsi for compression myelo-
pathy and other such diseases is unknown. Imaging studies involving ap-
proaches with a sufficient SNR, such as iShim/WE, should be performed in pa-
tients in the future. Third, we only identified distortions between different 
b-values (e.g., due to eddy currents). However, distortions due to susceptibility, 
which are identical for all b-values, were not be identified. It is desirable to de-
velop a quantitative distortion evaluation method in the future. 

5. Conclusion 

The combination of iShim and WE has a high SNR on qsi. iShim might show 
improved clinical performance with regard to the detection of suspicious lesions 
in the neck region. 

Acknowledgements 

The authors acknowledge the staff of META corporation and Medical Scanning 
Tokyo for MRI technological assistance. 

Disclosure Statement 

Hideyuki Okano is a paid scientific advisory board member of SanBio Co. Ltd. 
Thomas Benkert and Katsuya Maruyama are employees of Siemens Healthcare 

 

DOI: 10.4236/ojrad.2018.84028 256 Open Journal of Radiology 
 

https://doi.org/10.4236/ojrad.2018.84028


Y. Sone et al. 
 

GmbH, who provided crucial technical support with the MR sequence but were 
not involved in data acquisition and analysis. No conflicts of interest are de-
clared for the remaining authors. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Fujiyoshi, K., Yamada, M., Nakamura, M., et al. (2007) In Vivo Tracing of Neural 

Tracts in the Intact and Injured Spinal Cord of Marmosets by Diffusion Tensor 
Tractography. Journal of Neuroscience, 27, 11991-11998.  
https://doi.org/10.1523/JNEUROSCI.3354-07.2007 

[2] Takano, M., Hikishima, K., Fujiyoshi, K., et al. (2012) MRI Characterization of 
Paranodal Junction Failure and Related Spinal Cord Changes in Mice. PloS One, 7, 
e52904. https://doi.org/10.1371/journal.pone.0052904 

[3] Konomi, T., Fujiyoshi, K., Hikishima, K., et al. (2012) Conditions for Quantitative 
Evaluation of Injured Spinal Cord by in Vivo Diffusion Tensor Imaging and Trac-
tography: Preclinical Longitudinal Study in Common Marmosets. Neuroimage, 63, 
1841-1853. https://doi.org/10.1016/j.neuroimage.2012.08.040 

[4] Nakamura, M., Fujiyoshi, K., Tsuji, O., et al. (2012) Clinical Significance of Diffu-
sion Tensor Tractography as a Predictor of Functional Recovery after Laminoplasty 
in Patients with Cervical Compressive Myelopathy. Journal of Neurosurgery: Spine, 
17, 147-152. https://doi.org/10.3171/2012.5.SPINE1196 

[5] Xiangshui, M., Xiangjun, C., Xiaoming, Z., et al. (2010) 3 T Magnetic Resonance 
Diffusion Tensor Imaging and Fibre Tracking in Cervical Myelopathy. Clinical Ra-
diology, 65, 465-473. https://doi.org/10.1016/j.crad.2010.01.019 

[6] Guan, X., Fan, G., Wu, X., et al. (2015) Diffusion Tensor Imaging Studies of Cervi-
cal Spondylotic Myelopathy: A Systemic Review and Meta-Analysis. PloS One, 10, 
e0117707. https://doi.org/10.1371/journal.pone.0117707 

[7] Engelbrecht, V., Scherer, A., Rassek, M., Witsack, H.J. and Modder, U. (2002) Dif-
fusion-Weighted MR Imaging in the Brain in Children: Findings in the Normal 
Brain and in the Brain with White Matter Diseases. Radiology, 222, 410-418.  
https://doi.org/10.1148/radiol.2222010492 

[8] Pfefferbaum, A., Sullivan, E.V., Hedehus, M., Lim, K.O., Adalsteinsson, E. and 
Moseley, M. (2000) Age-Related Decline in Brain White Matter Anisotropy Meas-
ured with Spatially Corrected Echo-Planar Diffusion Tensor Imaging. Magnetic 
Resonance in Medicine, 44, 259-268.  
https://doi.org/10.1002/1522-2594(200008)44:2<259::AID-MRM13>3.0.CO;2-6 

[9] Avram, A.V., Guidon, A. and Song, A.W. (2010) Myelin Water Weighted Diffusion 
Tensor Imaging. Neuroimage, 53, 132-138.  
https://doi.org/10.1016/j.neuroimage.2010.06.019 

[10] Katsura, M., Suzuki, Y., Hata, J., et al. (2014) Non-Gaussian Diffusion-Weighted 
Imaging for Assessing Diurnal Changes in Intervertebral Disc Microstructure. 
Journal of Magnetic Resonance Imaging, 40, 1208-1214.  
https://doi.org/10.1002/jmri.24459 

[11] Callaghan, P.T., Coy, A., MacGowan, D., Packer, K.J. and Zelaya, F.O. (1991) Dif-
fraction-Like Effects in NMR Diffusion Studies of Fluids in Porous Solids. Nature, 
351, 467-469. https://doi.org/10.1038/351467a0 

 

DOI: 10.4236/ojrad.2018.84028 257 Open Journal of Radiology 
 

https://doi.org/10.4236/ojrad.2018.84028
https://doi.org/10.1523/JNEUROSCI.3354-07.2007
https://doi.org/10.1371/journal.pone.0052904
https://doi.org/10.1016/j.neuroimage.2012.08.040
https://doi.org/10.3171/2012.5.SPINE1196
https://doi.org/10.1016/j.crad.2010.01.019
https://doi.org/10.1371/journal.pone.0117707
https://doi.org/10.1148/radiol.2222010492
https://doi.org/10.1002/1522-2594(200008)44:2%3C259::AID-MRM13%3E3.0.CO;2-6
https://doi.org/10.1016/j.neuroimage.2010.06.019
https://doi.org/10.1002/jmri.24459
https://doi.org/10.1038/351467a0


Y. Sone et al. 
 

[12] Assaf, Y., Mayk, A. and Cohen, Y. (2000) Displacement Imaging of Spinal Cord 
Using q-Space Diffusion-Weighted MRI. Magnetic Resonance in Medicine, 44, 
713-722.  
https://doi.org/10.1002/1522-2594(200011)44:5<713::AID-MRM9>3.0.CO;2-6 

[13] Fujiyoshi, K., Hikishima, K., Nakahara, J., et al. (2016) Application of q-Space Dif-
fusion MRI for the Visualization of White Matter. Journal of Neuroscience, 36, 
2796-2808. https://doi.org/10.1523/JNEUROSCI.1770-15.2016 

[14] Tanikawa, M., Nakahara, J., Hata, J., et al. (2017) q-Space Myelin Map Imaging for 
Longitudinal Analysis of Demyelination and Remyelination in Multiple Sclerosis 
Patients Treated with Fingolimod: A Preliminary Study. Journal of the Neurological 
Sciences, 373, 352-357. https://doi.org/10.1016/j.jns.2017.01.009 

[15] Baron, P., Dorrius, M.D., Kappert, P., Oudkerk, M. and Sijens, P.E. (2010) Diffu-
sion-Weighted Imaging of Normal Fibroglandular Breast Tissue: Influence of Mi-
croperfusion and Fat Suppression Technique on the Apparent Diffusion Coeffi-
cient. NMR in Biomedicine, 23, 399-405. https://doi.org/10.1002/nbm.1475 

[16] Seo, Y., Wang, Z.J., Morriss, M.C. and Rollins, N.K. (2012) Minimum SNR and 
Acquisition for Bias-Free Estimation of Fractional Anisotropy in Diffusion Tensor 
Imaging—A Comparison of Two Analytical Techniques and Field Strengths. Mag-
netic Resonance Imaging, 30, 1123-1133. https://doi.org/10.1016/j.mri.2012.04.015 

[17] Takahara, T., Imai, Y., Yamashita, T., Yasuda, S., Nasu, S. and Van Cauteren, M. 
(2004) Diffusion Weighted Whole Body Imaging with Background Body Signal 
Suppression (DWIBS): Technical Improvement Using Free Breathing, STIR and 
High Resolution 3D Display. Radiation Medicine, 22, 275-282. 

[18] Kazama, T., Nasu, K., Kuroki, Y., Nawano, S. and Ito, H. (2009) Comparison of 
Diffusion-Weighted Images Using Short Inversion Time Inversion Recovery or 
Chemical Shift Selective Pulse as Fat Suppression in Patients with Breast Cancer. 
Japanese Journal of Radiology, 27, 163-167.  
https://doi.org/10.1007/s11604-009-0314-7 

[19] Maehara, M., Ikeda, K., Kurokawa, H., et al. (2014) Diffusion-Weighted 
Echo-Planar Imaging of the Head and Neck Using 3-T MRI: Investigation into the 
Usefulness of Liquid Perfluorocarbon Pads and Choice of Optimal Fat Suppression 
Method. Magnetic Resonance Imaging, 32, 440-445.  
https://doi.org/10.1016/j.mri.2014.01.011 

[20] Stemmer, A. and Kiefer, B. (2015) Combination of Integrated Slice-Specific Dy-
namic Shimming and Pixel-Wise Unwarping of Residual EPI Distortions. Proceed-
ings of the International Society for Magnetic Resonance in Medicine, Toronto, 30 
May-5 June 2015, p. 3729. 

[21] Zhang, H., Xue, H., Alto, S., et al. (2016) Integrated Shimming Improves Lesion 
Detection in Whole-Body Diffusion-Weighted Examinations of Patients with 
Plasma Disorder at 3 T. Investigative Radiology, 51, 297-305. 

[22] Nurick, S. (1972) The Natural History and the Results of Surgical Treatment of the 
Spinal Cord Disorder Associated with Cervical Spondylosis. Brain, 95, 101-108.  
https://doi.org/10.1093/brain/95.1.101 

[23] Meyer, C.H., Pauly, J.M., Macovskiand, A. and Nishimura, D.G. (1990) Simultane-
ous Spatial and Spectral Selective Excitation. Magnetic Resonance in Medicine, 15, 
287-304. https://doi.org/10.1002/mrm.1910150211 

[24] Hauger, O., Dumont, E., Chateil, J.F., Moinard, M. and Diard, F (2002) Water Exci-
tation as an Alternative to Fat Saturation in MR Imaging: Preliminary Results in 
Musculoskeletal Imaging. Radiology, 224, 657-663.  

 

DOI: 10.4236/ojrad.2018.84028 258 Open Journal of Radiology 
 

https://doi.org/10.4236/ojrad.2018.84028
https://doi.org/10.1002/1522-2594(200011)44:5%3C713::AID-MRM9%3E3.0.CO;2-6
https://doi.org/10.1523/JNEUROSCI.1770-15.2016
https://doi.org/10.1016/j.jns.2017.01.009
https://doi.org/10.1002/nbm.1475
https://doi.org/10.1016/j.mri.2012.04.015
https://doi.org/10.1007/s11604-009-0314-7
https://doi.org/10.1016/j.mri.2014.01.011
https://doi.org/10.1093/brain/95.1.101
https://doi.org/10.1002/mrm.1910150211


Y. Sone et al. 
 

https://doi.org/10.1148/radiol.2243011227 

[25] Bydder, G. and Young, I. (1985) Clinical Use of the Partial Saturation and Satura-
tion Recovery Sequences in MR Imaging. Journal of Computer Assisted Tomogra-
phy, 9, 1020-1032. https://doi.org/10.1097/00004728-198511000-00004 

[26] Bydder, G.M., Pennock, J., Steiner, R., Khenia, S., Payne, J. and Young, I.R. (1985) 
The Short TI Inversion Recovery Sequence—An Approach to MR Imaging of the 
Abdomen. Magnetic Resonance Imaging, 3, 251-254.  
https://doi.org/10.1016/0730-725X(85)90354-6 

[27] Assaf, Y., Ben-Bashat, D., Chapman, J., et al. (2002) High b-Value q-Space Analyzed 
Diffusion-Weighted MRI: Application to Multiple Sclerosis. Magnetic Resonance in 
Medicine, 47, 115-126. https://doi.org/10.1002/mrm.10040 

[28] Farrell, J.A., Smith, S.A., Gordon-Lipkin, E.M., Reich, D.S., Calabresi, P.A. and van 
Zijl, P.C. (2008) High b-Value q-Space Diffusion-Weighted MRI of the Human 
Cervical Spinal Cord in Vivo: Feasibility and Application to Multiple Sclerosis. 
Magnetic Resonance in Medicine, 59, 1079-1089.  
https://doi.org/10.1002/mrm.21563 

[29] Jensen, J.H., Helpern, J.A., Ramani, A., Lu, H. and Kaczynski, K. (2005) Diffusional 
Kurtosis Imaging: The Quantification of Non-Gaussian Water Diffusion by Means 
of Magnetic Resonance Imaging. Magnetic Resonance in Medicine, 53, 1432-1440.  
https://doi.org/10.1002/mrm.20508 

[30] Stejskal, E.O. and Tanner, J.E. (1965) Spin Diffusion Measurements: Spin Echoes in 
the Presence of a Time-Dependent Field Gradient. The Journal of Chemical Physics, 
42, 288-292. https://doi.org/10.1063/1.1695690 

[31] Ibrahim, T.S., Lee, R., Abduljalil, A.M., Baertlein, B.A. and Robitaille, P.M. (2001) 
Dielectric Resonances and B(1) Field Inhomogeneity in UHFMRI: Computational 
Analysis and Experimental Findings. Magnetic Resonance Imaging, 19, 219-226.  
https://doi.org/10.1016/S0730-725X(01)00300-9 

[32] Urakawa, T., Matsuzawa, H., Suzuki, Y., Endo, N., Kwee, I.L. and Nakada, T. (2011) 
Analysis of Ascending Spinal Tract Degeneration in Cervical Spondylotic Myelopa-
thy Using 3D Anisotropy Contrast Single-Shot Echo Planar Imaging on a 3.0-T 
System. Journal of Neurosurgery: Spine, 15, 648-653.  
https://doi.org/10.3171/2011.7.SPINE10843 

[33] Shrout, P.E. (1998) Measurement Reliability and Agreement in Psychiatry. Statisti-
cal Methods in Medical Research, 7, 301-317.  
https://doi.org/10.1177/096228029800700306 

 
 

 

DOI: 10.4236/ojrad.2018.84028 259 Open Journal of Radiology 
 

https://doi.org/10.4236/ojrad.2018.84028
https://doi.org/10.1148/radiol.2243011227
https://doi.org/10.1097/00004728-198511000-00004
https://doi.org/10.1016/0730-725X(85)90354-6
https://doi.org/10.1002/mrm.10040
https://doi.org/10.1002/mrm.21563
https://doi.org/10.1002/mrm.20508
https://doi.org/10.1063/1.1695690
https://doi.org/10.1016/S0730-725X(01)00300-9
https://doi.org/10.3171/2011.7.SPINE10843
https://doi.org/10.1177/096228029800700306


Open Journal of Radiology, 2018, 8, 260-273 
http://www.scirp.org/journal/ojrad 

ISSN Online: 2164-3032 
ISSN Print: 2164-3024 

 
 
 

Effects of Transcatheter Arterial 
Chemoembolization for Unresectable 
Hepatocellular Carcinoma Using a Combination 
of Platinum Agents (Cisplatin plus Miriplatin): 
A Retrospective Comparison with Cisplatin 
Monotherapy 

Koichi Hamada1,2*, Satoshi Saitoh3, Shigeki Imai4, Noriyuki Nishino2, Yoshinori Horikawa2,  
Michitaka Honda1,2 

1Department of Minimally Invasive Surgical and Medical Oncology, Fukushima Medical University, Fukushima, Japan 
2Department of Gastroenterology, Southern-Tohoku General Hospital, Fukushima, Japan 
3Department of Hepatology, Toranomon Hospital, Tokyo, Japan 
4Department of Radiology, Southern-Tohoku General Hospital, Fukushima, Japan 

 
 
 

Abstract 
Background: Miriplatin is a slow-release, lipophilic platinum complex, de-
veloped to produce a superior antitumor effect for hepatocellular carcinoma 
(HCC). However, the miriplatin suspension is highly viscous and can form an 
embolism in the hepatic artery, which can result in insufficient antitumor ef-
fect. Thus, reducing the viscosity of the suspension compound by combining 
it with the less-viscous cisplatin suspension might reduce or even prevent 
vessel embolism, while providing the quick-release effects of cisplatin. Pur-
pose: To compare the outcomes of therapy using miriplatin plus cisplatin and 
cisplatin monotherapy in transcatheter arterial chemoembolization (TACE) 
for HCC. Methods: We retrospectively evaluated a total of 87 patients with 
Barcelona Clinic Liver Cancer (BCLC) stage A or B HCC who received con-
ventional TACE using a combination of platinum agents (cisplatin and mi-
riplatin) (n = 50) or cisplatin alone (n = 37) for the first time from September 
2006 to December 2012. Short term therapeutic effect was measured by dy-
namic computed tomography 1 - 3 months after TACE, in reference to the 
modified Response Evaluation Criteria in Solid Tumors. Treatment-related ad-
verse effects were graded by the National Cancer Institute Common Termi-
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nology Criteria (ver. 4.0). 1-, 3-, and 5-year survival rates were calculated. 
Subgroup analyses were performed by Child-Pugh classification and BCLC 
criteria. Results: Median duration of follow-up was 35 months (range 7 - 90). 
Median overall survival was 38 months. Patients who had combination ther-
apy had better 1-, 3-, and 5-year survival rates: 100%, 56.7%, and 26.2%, re-
spectively, compared to monotherapy: 100%, 42.1%, and 9.0%, respectively 
(p = 0.034). No serious complication or treatment-related mortality was ob-
served in both groups. Conclusion: TACE using miriplatin plus cisplatin was 
related to a prolonged survival, with comparable adverse effects of TACE us-
ing cisplatin alone. 
 

Keywords 
Hepatocellular Carcinoma, Transcatheter Arterial Chemoembolization,  
Miriplatin, Cisplatin 

 

1. Introduction 

Hepatocellular carcinoma (HCC) is one of the most frequent malignant diseases 
globally [1]. In Japan, more than 30,000 people die from HCC each year [2]. 
Curative therapies, including surgical resection, liver transplantation, and per-
cutaneous tumor ablation, are applicable in only 30% - 40% of patients with 
HCC. For those patients ineligible for curative therapy, transcatheter arterial 
chemoembolization (TACE) is an effective palliative treatment [3]-[9]. Accord-
ing to the 2013 guidelines for therapy of HCC by the Japan Society of Hepatolo-
gy, TACE is recommended for two or three tumors larger than 3 cm in diameter 
and for 4 or more tumors [10]. Moreover, the Barcelona Clinic Liver Cancer 
(BCLC) group recommends TACE for 2 or 3 tumors larger than 3 cm in diameter 
and for 4 or more tumors in patients with Child-Pugh A or B class [11]. Although 
many chemotherapeutic agents (e.g., epirubicin, mitomycin C, doxorubicin, and 
cisplatin) are used in the treatment of HCC, a consensus on the optimal regimen 
for first- or second-line chemotherapeutic agents for TACE has not been reached 
[4] [12] [13] [14] [15]. Miriplatin (cis-[((1R,2R)-1,2-cyclohexanediamine-N,N’) 
bis(myristato)]-platinum (II) monohydrate; Dainippon Sumitomo Pharma Co., 
Ltd, Osaka, Japan) is a lipophilic cisplatin derivative that can be suspended in li-
piodol, a lipid lymphographic agent that is also used with the above-mentioned 
therapeutic agents [16] [17] [18]. Conversely, fine-powder cisplatin (IA-call; 
Nippon Kayaku Co., Ltd. Tokyo, Japan) is a powdered preparation of cisplatin 
with a mean particle diameter of 25 µm. Because cisplatin is hydrophilic and its 
suspension is unstable in lipiodol, cisplatin is released from the suspension more 
rapidly than miriplatin is. 

Some previous studies have reported that miriplatin is effective against HCC 
[19] [20]. Moreover, the addition of embolizing agents to the miriplatin-lipiodol 
suspension has resulted in a higher objective response in patients with HCC 
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[21]. Additionally, TACE with warmed miriplatin has been found to be more 
effective than TACE with room-temperature miriplatin for the treatment of 
HCC [22]. However, a number of groups have reported that the response rate of 
TACE with miriplatin is only 50% - 60% [21] [23] [24] [25] and that treatment 
results are not improved relative to other chemotherapeutic agents [5] [6] [26]. 
Recent studies have reported a response rate of TACE with cisplatin of 60% - 
80% [27] [28] [29]. 

We conducted a single-center retrospective cohort study to investigate the 
hypothesis that TACE using miriplatin and cisplatin/lipiodol suspension can 
improve the anti-tumor effects in patients with HCC compared to TACE using 
cisplatin/lipiodol suspension. In addition, we evaluated the incidence of adverse 
events. 

2. Materials and Methods 
2.1. Patients 

This was a retrospective cohort study. Patients with HCC were recruited this 
study if they met the following inclusion criteria: age 20 to 85 years; at least one 
typical HCC finding on digital-subtraction angiography; pathologically and/or 
clinically diagnosed HCC; other treatment was not found to be effective or suit-
able for their condition according to the Japanese therapeutic guidelines for 
HCC; Stage A or B in BCLC criteria; performance status for the Eastern Cooper-
ative Oncology Group was 0 - 2; adequate hepatic function (Child-Pugh class A 
or B, total bilirubin ≤ 3.0 mg/dl; albumin ≥ 2.0 g/dl); adequate hematological 
function (neutrophils ≥ 1500/mm3, platelets ≥ 40,000/mm3, hemoglobin ≥ 7.0 
g/dl); and sufficient renal function (creatinine clearance ≥ 50 ml/min adjusted 
for 1.73 m2 of body surface area).  

The medical records of 313 consecutive Japanese adult patients with HCC 
were reviewed in accordance with a TACE study protocol from September 2006 
to December 2012 at Southern-Tohoku General Hospital. Of these patients, we 
enrolled 87 patients who received miriplatin plus cisplatin [the double-platinum 
(DP)-TACE group)] or cisplatin alone [the cisplatin (CDDP)-TACE group] for 
the first time. 

This study was approved by our institutional review board and was conducted 
in accordance with the 1975 Declaration of Helsinki. Written informed consent 
was obtained from all the patients before TACE. 

2.2. HCC 

Based on computed tomography (CT), or magnetic resonance imaging and digi-
tal-subtraction angiography findings, nodules were radiologically diagnosed as 
HCC if they showed typical enhancement pattern of HCC (i.e., substantial en-
hancement in the arterial phase and washout with a corona-like peripheral en-
hancement during the portal or equilibrium phase) or characteristics similar to 
coexisting nodules previously diagnosed as HCC. 
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3. Treatment 

All TACE procedures were performed super selectively. A4 or 5-Fr Shepherd 
Hook catheter (FansaIV or Angiomaster; Terumo Clinical Supply, Gifu, Japan) 
was inserted via femoral artery. Portography through the superior mesenteric 
artery and celiac artery was performed to reconfirm the site of HCC. Next, as a 
superselective one-step method, a <2.0-Fr microcatheter (Carnelian PIXIE ER; 
Tokai Medical Products, Aichi, Japan; Sniper 2 µ7; Terumo Clinical Supply, Gi-
fu, Japan) was advanced into the subsegmental artery via femoral artery, and the 
miriplatin-cisplatin/lipiodol suspension or cisplatin/lipiodol suspension was 
administrated slowly under careful fluoroscopic guidance. The miripla-
tin-cisplatin/lipiodol suspension contained 60 mg of miriplatin, 50 mg of cispla-
tin, and 6 mL of lipiodol. The cisplatin suspension contained 100 mg of cisplatin 
and 10 mL of lipiodol. The dosages were determined according to tumor size, 
treatment area, and patient liver function. Subsequently, the feeding arteries to 
HCC were embolized with 1-mm gelatin particles (Gelpart; Nippon Kayaku, 
Tokyo, Japan). If extrahepatic collateral arteries were present, TACE was per-
formed through these collateral arteries. Large tumors (e.g., those of >10 cm in 
diameter) were treated by a single TACE, with the embolization performed using 
a larger number of gelatin particles than that for smaller tumors. Post-procedural 
unenhanced C-arm CT images were obtained to check for lipiodol accumulation 
in the tumors. 

To avoid renal damage before and after injection of the chemotherapeutic 
agents, appropriate preload replacement was done by intravenous infusion of 
500 - 2000 mL. 

4. Evaluation of the Antitumor Efficacy 

The primary endpoint is the response rate that is the proportion of complete re-
sponse (CR) and partial response (PR). The evaluation was performed according 
to the modified Response Evaluation Criteria in Solid Tumors (RECIST) guide-
lines [30]; CR was defined as the disappearance of any arterial enhancement in 
the tumors or 100% necrosis of all the tumors, PR was defined as a>30% reduc-
tion and/or necrosis in the sum of diameters of viable target lesions, progressive 
disease (PD) was defined as a >20% enlargement in the sum of viable target le-
sions and/or the appearance of new lesions, and stable disease (SD) was consi-
dered as any disease that did not qualify for classification as CR, PR, or PD. The 
size of the lesions were measured by contrast-enhanced CT or magnetic reson-
ance imaging at one to three months after TACE, based on changes in the max-
imum diameter of viable target lesions, which had been observed as arterially 
enhanced areas. For six patients with an allergy to the iodine compound, mag-
netic resonance imaging was used to assess the effect on the tumor.  

Forty-three and 30 patients in the DP-TACE and CDDP-TACE groups, re-
spectively, were treated with additional TACE, performed using the same drugs 
as in the initial TACE. The indication for the additional TACE was the appearance 
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of new lesions, residual tumor, and recurrence of the local tumor. Nine and 9 
patients in the DP-TACE and CDDP-TACE groups, respectively, were treated 
with sorafenib after TACE failure. 

4.1. Toxicity Evaluation 

Adverse effects were assessed by the National Cancer Institute Common Termi-
nology Criteria (ver. 4.0). We evaluated complete blood cell count, clinical bio-
chemistry, and symptoms (i.e., fever, appetite loss, abdominal pain) within 14 
days before treatment (pre), at 3 - 7 days and 1 month after TACE, 

4.2. Statistical Analysis 

IBM SPSS software program (IBM Corp., Armonk NY, USA) was used to per-
form all the statistical analyzes. Fisher’s exact test or Kruskal-Wallis exact test 
was used to compare categorical variables and the Mann-Whitney U-test was 
used to compare median values of continuous variables. Death was calculated 
using the Kaplan-Meier method and was compared using the log-rank test. Sur-
vival duration was measured from the time of recruitment until either death or 
the date of the last follow-up visit for patients who remained alive. A P-value of 
<0.05 by a two-tailed test were considered statistically significant. 

5. Results 
5.1. Patient Characteristics  

Table 1 shows the patients’ baseline characteristics. Among 87 patients with 
HCC, 50 (57.5%) and 37 patients (42.5%) received miriplatin plus cisplatin from 
January 2010 to December 2012 or cisplatin alone from September 2006 to Feb-
ruary 2010, respectively. There were no significant differences in the gender, age, 
etiology, laboratory data, Child-Pugh class, or follow up period between the 
DP-TACE group and CDDP-TACE group. 

Tumor profiles and treatment history are summarized in Table 2. There were 
no significant differences in the tumor size, tumor multiplicity, number of tu-
mors, BCLC Stage, or history of TACE. 
 
Table 1. Base-line characteristics of the patients according to the treatment group. 

 
CDDP-TACE group DP-TACE group P-value 

Demographic data 
   

No. of patients 37 50 
 

Sex (male/female) 22/15 34/22 0.499 

Age, years 73 (52 - 84) 72 (41 - 85) 0.908 

Etiology, HBV/HCV/other 4/30/3 5/36/9 0.317 

Laboratory data 
   

Albumin, g/dL 3.6 (2.5 - 4.6) 3.6 (2.2 - 4.7) 0.609 

Serumaspartate aminotransferase, IU/L 49 (20 - 161) 46 (17 - 157) 0.534 
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Continued 

Serum alanine aminotransferase, IU/L 41 (7 - 152) 39 (9 - 137) 0.857 

Total bilirubin, mg/dL 0.78 (0.25 - 2.22) 0.82 (0.29 - 2.15) 0.864 

Platelet count, ×104/mL 9.4 (4.0 - 24.7) 10.0 (4.0 - 18.7) 0.952 

Prothrombin activity, % 75 (38 - 105) 80 (58 - 111) 0.293 

AFP, μg/L 26.5 (1.2 - 17255) 21.8 (1.5 - 3840) 0.847 

DCP, AU/L 106.0 (12 - 5235) 118.5 (15 - 39676) 0.305 

Child-Pugh class, A/B 25/12 35/15 0.819 

Follow-up period, months 34 (7 - 75) 37.5 (15 - 90) 0.226 

Continuous variables presented as median and range. Abbreviations: CDDP-TACE: cisplatin transcatheter 
arterial chemoembolization; DP-TACE: double-platinum transcatheter arterial chemoembolization; HBV: 
hepatitis B virus; HCV: hepatitis C virus; AFP: alpha-fetoprotein; DCP: des-gamma-carboxy prothrombin. 

 
Table 2. Tumor profiles and treatment history of the patients who underwent TACE with 
miriplatin plus cisplatin or cisplatin alone. 

 
Total CDDP-TACE DP-TACE P-value 

No. of patients 87 37 50 
 

Tumor size, mm 24 (6 - 123) 25 (6 - 123) 23 (7 - 93) 0.514 

Tumor multiplicity 
(Single/Multiple) 

30/57 14/23 16/34 0.367 

No. of tumors 2 (1 - 4) 2 (1 - 4) 2 (1 - 4) 0.278 

BCLC Stage (A/B) 41/46 21/16 20/30 0.092 

History of TACE 51 (58.6%) 21 (56.8%) 30 (60.0%) 0.466 

Continuous variables presented as median and range. Abbreviations: CDDP-TACE: cisplatin transcatheter 
arterial chemoembolization; DP-TACE: double-platinum transcatheter arterial chemoembolization; BCLC: 
Barcelona Clinic Liver Cancer. 

5.2. Short Term Treatment Effects  

There was no significant difference between DP-TACE group and CDDP-TACE 
group for median intervals to the date of CT or MRI from the date of TACE (64 
days vs. 70 days; P = 0.175). 

Of the 87 treated patients, 39 (44.8%) experienced CR; 24 patients (27.6%), 
PR; 15 patients (17.2%), SD; and 9 patients (10.3%), PD (Table 2). Overall, 
72.4% of patients achieved an objective response (CR plus PR). 

In the DP-TACE group, there were 25 CRs (50.0%), 17 PRs (34.0%), 5 SDs 
(10.0%), and 3 PDs (6.0%). In the CDDP-TACE group, there were 14 CRs 
(37.8%), 7 PRs (18.9%), 10 SDs (27.0%), and 6 PDs (16.2%). The percentage of 
patients with either CR or PR was significantly different between the DP-TACE 
and CDDP-TACE groups (84.0% vs. 56.8%; P = 0.007).  

5.3. Survival 

Thirty-four and 33 patients assigned to the DP-TACE and CDDP-TACE groups 
died respectively. Hepatic insufficiency due to worsening of the HCC was the 
cause of death in 22 and 16 patients in the DP-TACE and CDDP-TACE groups, 
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respectively. Additionally, progression of hepatic insufficiency without remarka-
ble progression of the HCC was the cause of death in 10 and 12 patients in the 
DP-TACE and CDDP-TACE groups, respectively. In seven cases, other diseases 
became the cause of death. The median follow-up period was 35 months (range: 
7 - 90 months). 

The overall survival rate was significantly better in the DP-TACE group than 
the CDDP-TACE group (P = 0.037; Figure 1). The 1-year survival values were 
100% in the DP-TACE group and 100% in the CDDP-TACE group, whereas the 
3-year survival values were 60.8% and 47.2% in the DP-TACE and CDDP-TACE 
groups, respectively. The 5-year survival values were 27.0% in the DP-TACE 
group and 9.4% in the CDDP-TACE group. Median survival time was 42 
months in the DP-TACE group and 34 months in the CDDP-TACE group. 

The overall survival rate was not significantly difference in the BCLC stage A 
and B (P = 0.288, Figure 2). Median survival time was 52 months in the BCLC 
stage A group and 36 months in the BCLC stage B group. The overall survival 
rate was not significantly difference in the Child-Pugh classification A and B 
(P = 0.768, Figure 3). The overall survival rate was 38 months in the Child-Pugh 
A group and 38 months in the Child-Pugh B group. 

5.4. Toxicity  

Table 3 shows the major adverse events. Hematological toxicity was relatively 
mild and temporal in both groups, although 1 patient (1.4%) developed grade 4 
thrombocytopenia in the DP-TACE group. Meanwhile, hyperbilirubinemia, ele-
vations in serum liver enzymes, fever, appetite loss, and abdominal pain occurred 
 

 
Figure 1. Kaplan-Meier Estimates of Survival in 37 patients who received CPPD-TACE 
and 50 patients who received DP-TACE (P = 0.037 by the Log-Rank test). 
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Figure 2. Kaplan-Meier Estimates of Survival in 41 patients who are BCLC stage A and 
46 patients who are BCLC stage B (P = 0.288 by the Log-Rank test). 
 

 
Figure 3. Kaplan-Meier Estimates of Survival in 60 patients who are Child-Pugh classifi-
cation A and 27 patients who are Child-Pugh B (P = 0.768 by the Log-Rank test). 
 
as major non-hematological toxicities in both groups. The elevation in the serum 
liver enzymes observed in both groups improved within 2 weeks. Vascular com-
plications in the hepatic artery (i.e., dissection and acute thrombosis) were not 
observed in the patients. No other severe complication or treatment-related 
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Table 3. Adverse effects. 

 
CDDP-TACE DP-TACE 

 

 
Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4 P-value 

Decrease in white 
blood cell count 

7 (18.9%) 1 (2.7%) 1 0 2 (4.0%) 3 (6.0%) 1 (2.0%) 0 0.191 

Anemia 28 (75.7%) 3 (8.1%) 0 0 26 (52.0%) 10 (20.0%) 1 (2.0%) 0 0.114 

Decrease in platelet 
count 

15 (40.5%) 14 (37.8%) 5 (13.5%) 0 22 (44.0) 10 (20.0%) 10 (20.0%) 1 (2.0%) 0.301 

Increase in aspartate 
aminotransferase 

17 (45.9%) 11 (29.7%) 8 (21.6%) 0 24 (48.0%) 11 (22.0%) 12 (24.0%) 0 0.761 

Increase in alanine 
aminotransferase 

16 (43.2%) 6 (16.2%) 10 (27.0%) 0 31 (62.0%) 10 (20.0%) 0 0 <0.001 

Total bilirubin 9 (24.3%) 8 (21.6%) 0 0 16 (32.0%) 7 (14.0%) 1 (2.0%) 0 0.390 

Fever 24 (64.9%) 0 0 0 27 (54.0%) 0 0 0 0.381 

Appetite loss 17 (45.9%) 0 0 0 19 (38.0%) 0 0 0 0.513 

Abdominal pain 19 (51.4%) 0 0 0 25 (50.0%) 0 0 0 0.901 

Abbreviations: CDDP-TACE: cisplatin transcatheter arterial chemoembolization; DP-TACE: double-platinum transcatheter arterial chemoembolization. 

 
mortality was observed in either group. 

6. Discussion 

We retrospectively studied the safety and efficacy of combination therapy using 
miriplatin plus cisplatin as compared to cisplatin monotherapy in TACE for 
HCC. This study identified TACE using miriplatin plus cisplatin was associated 
with a prolonged survival compared to TACE using cisplatin alone. 

TACE is widely performed in patients with HCC who are not eligible for cur-
ative therapy. Several intra-arterial chemotherapy regimens using adriamycin, 
fluorouracil, fluorodeoxyuridine, mitomycin C, cisplatin, epirubicin, mitoxan-
trone, and miriplatin administered alone or in combination have been reported 
as treatments for HCC [12] [27] [31]. Although some regimens have shown a 
high response rate, the most effective regimen remains unclear [9] [12] [15]. 

However, a previous retrospective study that evaluated the safety and efficacy 
of TACE with miriplatin plus epirubicin reported that local tumor control rates 
were better with TACE using miriplatin plus epirubicin than TACE using mi-
riplatin [32] [33]. 

Cisplatin is hydrophilic and barely soluble in lipiodol. Therefore, only a small 
volume of cisplatin remains in the tumor for a long time. Systemic adverse ef-
fects such as nausea, vomiting, and renal dysfunction was caused because most 
of the agent is released into the bloodstream in the systemic circulation in a 
short time. Miriplatin has been developed as a lipophilic platinum complex in 
order to increase the anti-tumor effect for HCC and reduce toxicity than cispla-
tin [19]. Miriplatin suspension is a stable and colloidal emulsion that is depo-
sited within HCCs and gradually releases active derivatives of miriplatin within 
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the tumors. Unlike cisplatin, miriplatin is not an active agent against HCC, but 
miriplatin has greater stability and longer sustained release of active platinum 
compounds that bind to nuclear DNA in comparison with cisplatin-lipiodol 
[18]. A previous in vitro study reported that only 5.9% of the total platinum was 
released into the surrounding parenchyma at 28 days after infusion of a miripla-
tin-lipiodol suspension into artery [34]. The duration of maximum plasma con-
centration ranged from 18 to 37 days for miriplatin, and only from 10 to 60 mi-
nutes for cisplatin [17] [20] [35]. However, the miriplatin suspension is highly 
viscous and forms an embolism in the vessel when it is administered into the 
hepatic artery. Hence, a sufficient amount may not reach the peripheral tumor 
vessels. Therefore, the possibility of early washout is present, which could result 
in an insufficient antitumor effect. Two methods of lowering the viscosity of a 
miriplatin suspension are warming the miriplatin suspension [22] or creating an 
oil-in-water emulsion [36]. However, the efficacy of TACE with a miriplatin 
suspension relative to that of TACE with a miriplatin emulsion remains contro-
versial [37] [38]. 

Various modifications such as dilution by mixing with a water-soluble con-
trast agent and administration after heating have been devised for ensuring that 
the miriplatin suspension reaches the peripheral tumor vessels. Meanwhile, a 
previous study has reported that 20% of cisplatin in a cisplatin-lipiodol suspen-
sion is released within 24 hours, whereas 50% of cisplatin in a cispla-
tin-epirubicin-lipiodol suspension is released within 24 hours [31]; this implies 
that cisplatin is released from lipiodol at different rates when administered alone 
or in combination with other drugs. Further, although the viscosity of a cispla-
tin-lipiodol suspension is not different from that of lipiodol alone, a miripla-
tin-lipiodol suspension has been reported to be slightly more viscous than lipi-
odol alone [37]. During TACE with a double-platinum suspension, half of the 
normal concentration of miriplatin is used (10 mg/ml) for preparing the cispla-
tin-miriplatin suspension. Therefore, a lower-than-normal level of viscosity is 
expected. We considered that a sufficient antitumor effect could be achieved 
with a solution at a viscosity that allows the drug to reach the peripheral tumor 
vessels. That is, an antitumor effect would occur through the combination of the 
slow-release nature of miriplatin with the concentration-dependent nature of 
CDDP. Based on these considerations, we hypothesized that combination ther-
apy with cisplatin and miriplatin would result in prompt damage to HCC tu-
mors and longstanding antitumor effects in the TACE of HCC. In addition, Ki-
shimoto et al. reported no cross-resistance between cisplatin and miriplatin [39]. 
Moreover, Seko et al. reported that the viscosity of miriplatin/lipiodol suspen-
sion decreases with increasing temperature and that warmed miriplatin is asso-
ciated with an objective response [22]. Therefore, in future studies, we should 
also compare DP-TACE with miriplatin TACE. 

The treatment-related adverse effects of using miriplatin and cisplatin in 
combination, were mild and acceptable in this study. Overall incidence rates for 
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adverse events were not significantly different between TACE using miriplatin 
and cisplatin and TACE using cisplatin alone. Moreover, the incidence rates of 
severe adverse events categorized as grade 3 or 4 for TACE with the combination 
therapy were comparable to those for TACE with cisplatin alone. This study had 
several limitations. This study was a retrospective and the patients were not 
randomized with respect to DP-TACE or CDDP-TACE. The study was con-
ducted with a small sample size and at a single institution. 

7. Conclusion 

In conclusion, TACE with miriplatin plus cisplatin for unresectable HCC 
showed higher objective response rates and longer survival period with compa-
rable adverse effects as compared to TACE with cisplatin alone under conditions 
of matched patient profiles, tumor characteristics, and treatment procedures. 
Subsequently, for further improvement of therapeutic results, we believe a future 
direction is the evaluation of TACE with warmed miriplatin [22] and cisplatin or 
balloon-occluded TACE [40] using miriplatin plus cisplatin. 
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Abstract 
Objective: To describe the radiological and histological aspects of breast no-
dules among men in our practice setting. Methodology: This is a descriptive 
and retrospective study conducted from January 2014 to October 2017. The 
study included male patients with breast nodules classified ACR3, 4 or 5 after 
a mammographic and ultrasound scan. These lesions were explored through 
an ultrasound-guided breast microbiopsy. The following are the variables 
collected: age, family history of breast cancer, medical history, ACR classifica-
tion, nodule size, and anatomopathologic diagnosis. Results: 13 breast no-
dules were explored among 13 male subjects. Mammography and breast ul-
trasound enabled to identify one ACR3 lesion, 10 ACR4 lesions and 2 ACR5 
lesions. The average age was 56.53 ± 14.63 years and the average size of the 
nodules 28.91 ± 13.62 mm. As for histology, there were seven malignant tu-
mors and six benign tumors. The average age of patients with malignancy was 
61.45 ± 13.62 years. The malignant nodules average size was 29.45 ± 12.54 
mm. Malignant tumors exclusively consisted of invasive breast carcinomas 
while Benign ones consisted of dystrophic and inflammatory lesions. Con-
clusion: Most often Breast lesions among men had an indeterminate appear-
ance on imaging and were predominantly malignant in histopathology. 
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1. Introduction 

Breast lesions among humans are largely dominated by gynecomastia; the other 

How to cite this paper: Ouedraogo, 
N.-A.N., Napon, M., Tiemtore, B.M.K., 
Ouattara, B., Bamouni, A., Diallo, O., Sorg-
ho, C.L. and Cisse, R. (2018) Male Breast 
Nodules in Ouagadougou (Burkina Faso): 
Radiological and Histopathological Aspects. 
Open Journal of Radiology, 8, 274-280. 
https://doi.org/10.4236/ojrad.2018.84030 
 
Received: September 19, 2018 
Accepted: November 26, 2018 
Published: November 29, 2018 
 
Copyright © 2018 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

 

DOI: 10.4236/ojrad.2018.84030  Nov. 29, 2018 274 Open Journal of Radiology 
 

http://www.scirp.org/journal/ojrad
https://doi.org/10.4236/ojrad.2018.84030
http://www.scirp.org
https://doi.org/10.4236/ojrad.2018.84030
http://creativecommons.org/licenses/by/4.0/


N.-A. N. Ouedraogo et al. 
 

lesions are derived from the cutaneous and subcutaneous tissue of the breast [1]. 
Malignant lesions are rare. Breast cancer among men represents less than 1% of 
all breast cancers [2] [3]. These nodules are often neglected because of the lack of 
knowledge of mammary lesions on humans, sometimes causing diagnostic de-
lays that hinder the prognosis of the patient in case of malignancy. 

In imaging, the American College of Radiology (ACR) classification is used to 
predict the benign or benign nature of breast abnormalities. In case of sympto-
matic breast lesions in humans, the CAB recommends performing a bilateral 
mammogram, followed by breast ultrasonography for suspicious, indeterminate 
or normal mammogram lesions [4].  

In Western Africa, some studies have described the epidemiological and clin-
ical aspects of malignant breast lesions among humans [5]. In Togo, N’Timon 
and al [6] have described the imaging aspects of these malignant lesions. 

Male breast pathology is rare in Burkina Faso [7]. Some studies have been car-
ried out on the epidemiological, histopathological and therapeutic aspects of 
malignant lesions among men [7] [8] [9] [10]. However, none of them has de-
scribed mammographic ant sonography aspects. 

Our work aimed at describing the morphological aspects of these lesions through 
mammography and breast ultrasound, and at showing their radio-histological 
correlations. 

2. Methodology 

This was a retrospective, analytical, descriptive and cross-sectional study con-
ducted from January 2014 to October 2017. We included all the male subjects 
who came for consultation for a swelling or a breast nodule during the study pe-
riod. They were explored through mammography, breast ultrasound and micro-
biopsy. This was performed under ultrasound guidance, with a 14-gauge auto-
matic pistol, 10 cm long and 20 mm deflection. Three to four samples were taken 
according to the nodules size. 

Variables were collected from patient records: age, family history of breast 
cancer, medical history, ACR classification, nodule size, and anatomopathologic 
diagnosis. The software Epi-Info 7.3 was used to analyze data. Patients’ data 
were kept anonymous to preserve confidentiality. 

3. Results 
3.1. Population 

The sample consisted of 13 nodules from 13 men. The average age was 56.53 ± 
14.63 years. The average size of the nodules was 28.91 ± 13.62 mm. There was no 
family history of breast neoplasia or any personal medical history (testicular ab-
normality, obesity, cirrhosis). All tumors were palpable, of retro-areolar location. 

The average age of patients with malignancy was estimated at 61.45 ± 13.62 
years. The average size of the malignant nodules was 29.45 ±12.54 mm. There 
were two cases of T4 tumors with palpable lymphadenopathy, three cases of T2 
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tumors and two cases of T1 tumors. 
Patients with benign tumors had an average age of 45.53 ± 10.52 years and the 

average size of benign tumors was 23.52 ± 11.38 mm. 

3.2. Mammo-Echographic Aspects 

Mammography and breast ultrasound have enabled to classify lesions according 
to the Breast Imaging Report and Data System (BIRADS) of the American Col-
lege of Radiology (ACR). 

One lesion was of benign appearance. It appeared on the mammography as a 
nodule with circumscribed contours, without architectural distortion and with-
out modified cutaneous planes. On the ultrasound, it was a hypoechoic nodule, 
with circumscribed contours, with a major axis parallel to the cutaneous planes 
and without posterior attenuation of the echoes. The imaging characteristics of 
this formation were in favor of benignity and the lesion was classified ACR 3. 

Ten nodules had an indeterminate appearance on ultrasound and/or mam-
mography and were classified as ACR4 (Figure 1, Figure 2). They were hypoe-
choic nodules, without posterior attenuation of the echoes, with poorly circum-
scribed contours. 

Two lesions were probably malignant in mammography and mammography. 
They had irregular and speculated contours, with posterior attenuation of 
echoes. 

3.3. Histopathological Aspects of Nodules 

Histology permitted to note seven malignant tumors and six benign tumors. 
Malignant tumors exclusively consisted of invasive breast carcinomas while be-
nign ones consisted of dystrophic (cystic and fibrocystic mastopathies) and in-
flammatory (acute and chronic mastitis) lesions. 
 

 
Figure 1. Right breast mammogram (frontal and oblique external incidence) showing a 
heterogeneous, retro-areolar mass, with partially masked, non-delineated edges. 
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Figure 2. Ultrasound image of a hypoechoic and heterogeneous breast nodule with 
non-delineated edges (ACR4) 

4. Discussion 

This study analyzed the radiological and histological aspects of mammary tu-
mors on 13 nodules among male subjects.  

Mammography and breast ultrasonography permitted to classify breast ab-
normalities as per their morphological appearance into probable benign (ACR3), 
undetermined (ACR4) or malignant (ACR5) lesions. In our sample, the nodules 
were mostly undetermined or probably malignant. 

Breast lesions among men are usually mild, with malignant lesions being rare 
unlike the case among women.  

Breast cancer among men usually occurs in old age, around 71 years old [2]. 
Western authors found an average age of 63 - 69 years [11] [12]. In sub-Saharan 
Africa, N’Timon et al. [6] reported found an average age of 55 and Kidmas et al. 
[5] in Nigeria, an average age of 57.9 years. 

The average age of our malignant tumors sample (61 years) was below western 
values, but in the same age range as other African writers. These data can be ex-
plained by life expectancy in our country, which is lower in developed countries. 

The implied etiopathological factors suggest a change in the ratio of oestro-
gens by androgens. The risk of occurrence is high among patients with Klinefel-
ter syndrome, testicular abnormality, obesity, cirrhosis [13]. There is also a fam-
ily predisposition in 20% of cases [2]. In our sample, none of these risk factors 
were found among patients having a malignant tumor. 

Malignant lesions among humans can be in the form of nodules without mi-
crocalcifications, nodules associated with microcalcifications or isolated micro-
calcifications; the nodules without calcifications are the most frequent forms 
(ref). We did not show microcalcifications in the mammography of our nodules, 
which corroborates literature data. 

Mammographic and echographic surveys of nodules classified. The radiologi-
cal aspects of breast nodules condition the further management.  

ACR3 nodules have a predictive positive value of less than 3% malignancy 
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[14]. They are well delineated, round or oval or discreetly polycyclic nodules, 
without microlobulation, are non-calcified and non-fluid on ultrasound. These 
nodules usually require close monitoring and a microbiopsy will be performed 
only when the nodule will significantly increase, in case of risk factors or in case 
of major anxiety. There was good agreement because the ACR3 nodules in the 
sample were benign in histology. 

ACR4 nodules are nodules whose appearances in imaging are undetermined. 
Their positive predictive value of malignancy varies from 3% to 97% [14]. They 
are nodules with contours that are not or only partially delineated. The great va-
riability of their PPV of malignancy requires carrying out histopathological mi-
crobiopsy. Our results corroborate these figures because in this group, there 
were as many benign lesions as malignant lesions. 

ACR5 nodules have a positive predictive value of more than 95% malignancy 
[14]. They are hypoechoic nodules with speculated contours, or with a long axis 
perpendicular to the cutaneous planes. They are nodules with a high probability 
of malignancy. These nodules all corresponded in our sample to malignant no-
dules in histology; there was a good match for this class.  

Benign lesions are usually preponderant among men, dominated by gynecomas-
tia [2]. Other benign lesions are usually derived from cutaneous and subcutaneous 
breast tissue [3]. In our sample, benign breast lesions included dystrophic and in-
flammatory lesions. 

Malignant tumors were exclusively represented by infiltrating ductal carcino-
mas according to several authors [6] [15]. The average age of onset was similar 
to other authors [16] [17] [18]. But, they are of worse prognosis than in the 
woman because of the delayed diagnosis. Most of malignancies in our sample 
were T2 and T4; two of which had lymph node extension. 

N’Timon and al [6] in Togo showed that malignant lesions occurred among 
men around 55 years of age. In Nigeria, Kidmas AT et al. [5] showed a preva-
lence of 8% of breast cancers among men in their sample, with a mean age of 
onset of 57.9 years. 

This is the first time such a study is conducted in our country even if it is li-
mited to the urban environment. Despite the small sample, these results show 
that malignant tumors are as common as benign tumors. Malignant tumors are 
diagnosed among the elderly at an advanced stage. They were represented by in-
filtrating ductal carcinomas. 

5. Conclusions 

Breast lesions exist among male patients in our country.  
Their mammography and ultrasound aspects were mostly indeterminate or 

probably malignant in nature, implying additional explorations through micro-
biopsy for histopathological confirmation, in order to optimize the treatment of 
these patients.   

Malignant tumors were preponderant in our sample and occurred among the 
elderly. 
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Abstract 
Objective: To retrospectively analyse the use of imaging studies in the Emer-
gency Department of community hospitals using evidence based guidelines 
and clinical judgement. Methods: Medical records of 661 patients who visited 
the Emergency Department (ED) in 2015 and underwent imaging studies 
were reviewed. The Canadian Association of Radiologists, American College 
of Radiologists and Choosing Wisely Canada guidelines were used to deter-
mine the appropriateness of imaging studies. The use of prior patient imag-
ing, the rate at which studies were repeated and the respective impacts on pa-
tient management of the imaging studies were also examined. Results: Of the 
1056 imaging studies reviewed, 228 (22%) were found to be clinical situations 
where no imaging study was indicated while 168 (16%) were considered a 
suboptimal choice of imaging study or modality. When no study was recom-
mended, a positive impact on the diagnosis was noted in 105 (46%) cases and 
on patient management 83 (36%) times. Notably, 219 (21%) patients had a 
relevant examination performed in the last 30 days, and 147 (14%) reports 
noted that the results of the prior study also concurred with the imaging 
study evaluated. Conclusion: In this study, 228 (22%) radiographs and CT 
studies, excluding MVC related imaging and extremity imaging, were not in-
dicated based on appropriateness criteria and consequently had a limited im-
pact on patient management. This supports the need for increased clinical 
decision support for ED physicians, regional health information exchanges 
and consideration of Computerized Physician Order Entry in the ED with 
embedded appropriateness criteria at the point of ordering. 
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Community Hospital 

 

1. Introduction 

As overall use and availability of various medical imaging modalities continues 
to climb, the impact of imaging costs on health care systems has gained in-
creased attention. In recent years, appropriateness of diagnostic imaging has 
been a significant topic of discussion in the medical community [1]. An imaging 
examination can be labelled as inappropriate for a variety of reasons, including 
the unnecessary repetition of a satisfactory imaging study and the inability of the 
investigation to answer the clinical question and consequently, contribute posi-
tively to patient management [2]. Since all imaging modalities come with a cost, 
it is important that patients receive only appropriate imaging which will aid and 
contribute to their management [2]. Estimates of the rate of inappropriate im-
aging have largely varied in literature, making it apparent that no clear consen-
sus has been reached [3]. As patient safety continues to be a developing point of 
emphasis, decreasing general radiation exposure, unnecessary patient anxiety 
and the need for various consequent invasive procedures are important and de-
sirable goals [2]. 

Various research articles have been able to demonstrate the positive impact of 
using available guidelines to help decrease imaging use [4]. In Ottawa, the estab-
lishment of four decision rules: the Ottawa Ankle Rule, the Ottawa Knee Rule, 
the Canadian C-Spine Rule and the Canadian CT Head Rule resulted in a 20% - 
30% overall decrease in imaging [5]. However, in a recent survey of emergency 
physicians, it was found that although nearly every Canadian physician was 
aware of the Canadian Cervical Spine Rule, only 73% made use of it in relevant 
situations [6]. These statistics help to enlighten the issue of variable application 
of evidence-based recommendations. 

The impact of an inappropriate test request can extend much further than just 
initial imaging [7]. A recent Canadian study found that 26.1% of all CT and MRI 
radiology reports recommended the completion of further follow-up imaging 
studies [8]. It is clear that the snowball effect, which often takes place with diag-
nostic tests, can be another potential area of improvement in resource manage-
ment.  

Research has shown that a lack of information transfer between institutions 
tends to be a significant factor in repeat imaging studies [9]. A few studies have 
concretely evaluated the benefits of a Health Information Exchange (HIE) sys-
tem which allows providers to easily share clinical information between centers 
[10]. In a Boston study, a successful transfer of prior imaging was shown to lead 
to a 17% reduction in all subsequent imaging performed by the Emergency De-
partment to which the patient was transferred [11]. 

Since little data is available regarding the appropriateness of imaging in 
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community hospitals, development of strategies to measure and support appro-
priate use should be of priority. This research project aims to provide insight 
through the evaluation of the application of imaging guidelines in Canadian 
community Emergency Departments. Through this analysis, we aimed to ac-
quire retrospective data of imaging guideline application while simultaneously 
offering opportunities for practice improvements through the identification of 
potential areas of improvement. 

2. Methods 

This study was approved by the local Hospital Institutional Review Board. A 
retrospective review of Emergency Department (ED) patients who underwent 
imaging studies during their admission was undertaken. The first week of Feb-
ruary of 2015 was randomly selected (utilizing http://www.random.org/) to act 
as our main patient database.  

Initial patient inclusion criteria included all patients who were admitted dur-
ing the selected week to one of the three Emergency Departments part of the 
health partnership under study. Distinction between the different sites was not 
made in the analysis of the study. These community hospitals receive over 
200,000 Emergency department visits yearly and constitute one of the largest 
community hospital systems in the province of Ontario.  

Focus was placed on radiation emitting modalities which expose patients to 
potential long-term health related consequences, thus adding a supplementary 
element of importance to the inappropriate vs. appropriate imaging conversa-
tion. Patients were included if they had undergone either a radiograph or a CT 
scan during the selected week. Furthermore, if the same patients returned to the 
Emergency Department within a four-month period and required further radio-
graph or CT imaging, these cases were also retrospectively evaluated. This was 
done to collect data on trends of patients returning to the Emergency Depart-
ment with either the same or a new clinical presentation. Finally, an evaluation 
of the usage of prior patient imaging, the rate at which studies were repeated and 
their respective impacts on patient management was also completed.  

Exclusion criteria included imaging studies performed for motor vehicle colli-
sion (MVC) related traumas. These were excluded as patients involved in MVC 
usually elicit many simultaneous studies and often include certain legal reper-
cussions given their higher risk nature. We also excluded all upper and lower 
extremity imaging, from the clavicle to the fingers and from the femur to the 
toes. The rational for the exclusion was two-fold. First, many extremity injuries 
have specific imaging rules that physicians can follow such as the Ottawa Ankle 
Rule. Thus, the debate of appropriate vs. inappropriate imaging is far less preva-
lent in the medical community for these types of imaging studies. Furthermore, 
upper and lower extremity imaging were excluded from analysis to help decrease 
the overall number of cases to be reviewed in this study, so that focus could be 
placed on the areas of greater concern. All other areas including the head, chest, 
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abdomen, pelvis and hips were included and consequently focused on in the 
analysis. 

The data collected and analysed consisted of patient clinical history, the date 
of the ED visit, recent relevant imaging information, the imaging study per-
formed as well as the clinical information included in its request, Radiologist 
report summary and final ED physician and Radiologist diagnoses. The review 
process started with the examination of the scanned emergency worksheet, for a 
given patient, which established the patient’s symptoms and general presenta-
tion. The emergency physician’s main clinical question was confirmed with the 
use of the imaging request documentation. Following this, a review of the pa-
tient’s prior imaging was completed to establish whether or not relevant priors 
were available. If this was the case, this was further investigated to determine if 
the available prior imaging was for a similar presentation and consequently, if it 
could have been used to answer the clinical question. Then, the radiologist’s re-
port was read, followed by a second review of the emergency documentation to 
see if the radiologist recommendations or suggested diagnosis affected patient 
management. Finally, comparing the patient presentation as well as the clinical 
question to the guidelines made it possible to establish whether or not the study 
was indicated. Only patient information made available through the hospital 
clinical information system was considered.  

Establishing the Support of a Study 

Reference was made to the Diagnostic Imaging (DI) guidelines from the Cana-
dian Association of Radiologists (CAR), the American College of Radiologist 
(ACR) as well as Choosing Wisely Canada [12] [13] [14]. Patient cases were 
classified as appropriate if the imaging requested followed at least one of these 
guidelines. A study could also be classified as suboptimal if the guidelines rec-
ommended the use of either a different view, for example a standard chest ra-
diograph vs. a rib view, or the use of a different modality, such as an abdominal 
ultrasound instead of an abdominal radiograph, based on the clinical picture. 
The initial classification was completed by reviewing emergency physician 
documentation, considering recent priors and identifying the main diagnosis to 
rule out. Then, evaluating the final diagnosis, patient treatment following the 
completion of the study and whether or not recommendations included in the 
radiologist reports were followed, allowed for the determination of overall im-
pact on diagnosis and management. In cases where patient presentation was sig-
nificantly complex, when there was inadequate clinical information, when im-
aging had to be repeated due to poor image quality or when no clear commen-
dations were found in the set of guidelines referenced, the support of the study 
by guidelines was deemed indeterminate. 

For instance, an individual presenting with fever and a productive green 
cough who undergoes a standard PA chest radiograph to rule out pneumonia is 
a study which is supported by both ACR and CAR guidelines and thus, was 
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deemed as appropriate. However, if this same individual returned to the emer-
gency department a few days later with the same presentation, the repeat PA 
chest radiograph performed would be classified as no study indicated, as it is not 
a practice supported by guidelines and would likely not provide any supplemen-
tary information. Finally, an individual who suffers a fall, has a decreased level of 
consciousness and cervical tenderness constitutes an indication for a CT scan 
instead of a cervical radiograph, thus making this kind of study fall under the 
wrong imaging modality category. The analysis was completed in this fashion to 
illustrate the potential impact of implementing well recognized and readily ac-
cessible guidelines in the decision-making process. 

3. Results 

In total, 661 ED patients fell within the established criteria and their cases were 
analysed. The patient demographic consisted of 304 males and 357 females. In 
total, 1056 imaging studies and their respective cases were analysed in this study. 
Patients in this study underwent a subsequent imaging study for their presenting 
illness 325 (31%) times. Overall, 332 (32%) studies analysed resulted in positive 
findings as reported by the radiologist in contrast to 721 (68%) imaging studies 
showing either negative or indeterminate findings. For example, if an emergency 
physician wanted to rule out the possibility of pneumonia, an area of lung con-
solidation mentioned in the report was considered a positive finding. However, 
if for this same presentation a new sclerotic bone lesion was identified, this was 
noted as incidental. 

3.1. The use of Imaging Guidelines 

With the use of the CAR, ACR and the Choosing Wisely Canada guidelines, it 
was determined that in 228 (22%) cases, no studies were recommended based on 
the clinical presentation. In 168 (16%) cases, the incorrect imaging study or im-
aging modality was used (Table 1).   

3.2. The Impact of Imaging Guidelines on Patient Care and  
Management 

Studies supported by guidelines eliminated a suspected diagnosis and/or sug-
gested a new diagnosis in over three quarters of the studies evaluated (Table 2).  
 
Table 1. The application of general imaging guidelines to imaging decision making in the 
Emergency Department. 

 
Radiographs 

Computed 
Tomography 

Totals 

Completed study supported by guidelines 44% 82% 51% 

No study recommended in clinical context 26% 4% 22% 

Suboptimal imaging modality or study completed 19% 4% 16% 

Indeterminate or insufficient clinical context 11% 10% 11% 
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Table 2. Impact of general imaging guidelines on diagnosis, treatment and management. 

 
Completed study 

supported by  
guidelines 

No study  
recommended in 
clinical context 

Suboptimal imaging 
modality or study 

completed 

Indeterminate or 
insufficient clinical 

context 

Result obtained from imaging study 

Positive 36% 36% 11% 32% 

Negative 53% 50% 69% 55% 

Inconclusive 11% 14% 20% 13% 

Effect of imaging study on diagnosis 

Eliminated or suggested new diagnosis 77% 39% 35% 72% 

Supported suspected diagnosis 12% 7% 4% 9% 

Previous established diagnosis unchanged 4% 32% 4% 9% 

Unable to eliminate the main suspected diagnosis 3% 19% 54% 3% 

Positive or negative result ignored 4% 4% 4% 1% 

Effect of study on patient management 

Eliminated need for treatment and further imaging 32% 15% 13% 22% 

Modified therapeutic approach 35% 9% 7% 23% 

Supported suspected therapeutic approach 14% 12% 3% 10% 

Further imaging evaluations needed 12% 5% 21% 15% 

Indeterminate effect 5% 38% 41% 21% 

No effect 1% 21% 15% 3% 

 
These studies had a positive effect on the diagnosis 484 (89%) times and a posi-
tive effect on patient management in 441 (81%) presentations (Table 2). They 
also resulted in less inconclusive findings than all other groups (Table 2). In 
contrast, when no study was recommended, a positive effect on the diagnosis 
was found in 105 (46%) cases. Furthermore, when a suboptimal imaging study 
or imaging modality was used for patient assessment, a positive effect was noted 
in 65 (39%) cases (Table 2). A positive effect on patient management was also 
noted in 83 (36%) and 38 (23%) cases respectively for both these groups (Table 
2).  

When a suboptimal imaging study or modality was used according to the 
guidelines referenced, significantly fewer studies resulted in a positive finding 
resulting in more negative and indeterminate results (Table 2). These studies 
also required that further studies be completed for 59 (35%) patient presenta-
tions and were unable to eliminate the main suspected diagnosis 90 (54%) times 
(Table 2). 

3.3. The Use of Relevant Prior Imaging 

In our patient population, it was noted that 655 (62%) cases had relevant priors 
available. Furthermore, 107 (10%) of the imaging studies requested by the ED 
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physicians had relevant prior imaging performed less than a week before pre-
senting to the ED. This number increased to 219 (21%) when looking at priors 
within 1 month of the ED visit and 408 (39%) when considering a 6-month 
window. Out of the 1056 imaging study reports analysed, 147 (14%) of these 
concurred with a previously performed imaging study. Of these, 18 (12%) were 
the same study performed less than two days prior to patient presentation. 
Moreover, the same study was performed less than 1-week prior in 38 (26%) 
cases where a concordance was noted. The greatest percentage of studies con-
curring with previous studies was seen in clinical situations where no studies 
were recommended (28%). Furthermore, 72 (32%) of these studies did not 
change the previously established diagnosis, a value far greater than all other 
groups (Table 2).    

The prior imaging studies referred to include imaging studies performed on 
site, in partnership hospitals or in other outpatient clinical settings that are part 
of the Hospital Diagnostic Imaging Repository Services (HDIRS). Notably, it was 
also observed that 6 patients in this study had a foreign relevant prior which was 
not accessible to the ED staff, but which had been completed within a month of 
the patient presentation. It is to be noted that the existence of these prior foreign 
studies was not considered when determining the appropriateness of the studies 
being analysed. 

4. Discussion 
4.1. The Impact of Imaging Guidelines  

Although recent estimates have greatly varied based on imaging types and re-
search design, the results obtained appear to suggest that the rate at which un-
supported radiograph and CT imaging are being completed in Canadian centers 
may in fact resemble the higher estimates found in global literature [2]. 

A potential solution to support appropriate imaging utilization would be the 
implementation of Computerized Physician Order Entry (CPOE). An enhanced 
CPOE system, equipped with alerts at the point of ordering which would high-
light prior imaging studies from Provincial DI repositories, paired with clinical 
decision support around appropriate diagnostic imaging choices, could provide 
an important positive support to clinicians. CPOE does however come with its 
own set of challenges, most notably, physician acceptance of recommendations 
and overall software limitations [15]. CPOE also introduces noteworthy chal-
lenges in ED workflow, but could add significant value if it is well designed, op-
timized for providers and supports clinical decision making with minimal im-
pact to productivity. Furthermore, advanced hospital information systems could 
offer the added benefit of improved ED provider-radiologist communication 
through provision of key clinical information which is often lost in paper docu-
mentation and non-physician order entry. As evidence based clinical decision 
support systems have previously shown some effectiveness in increasing the rate 
of appropriate imaging use, the potential practice improvement opportunities 
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through its implementation in a community hospital is noteworthy [16]. 
Our findings strongly indorse the implementation of such a system, as un-

supported studies were found to have significantly less positive impact on diag-
nosis and overall patient care (Table 2). When no study was indicated, the pre-
viously established diagnosis remained unchanged in nearly one third of cases 
(Table 2). This is a finding of note as many of the contraindicated studies were 
simply repeats or follow-up imaging of previously confirmed diagnoses being 
completed in a shorter delay than recommended by the guidelines. Implementa-
tion of CPOE, alerts and quick reference to guidelines may provide the tools 
necessary to significantly decrease this number.  

Another simple potential point of focus for practice improvement includes 
placing more emphasis on the importance of good protocoling. Simple strategies 
such as the training of technical staff and the implementation of added elements 
in a checklist prior to the completion of an imaging request can ensure that ra-
diologist have more of the necessary information to make an informed decision 
[16]. Nevertheless, implementation of such criteria has not always proven to be 
an efficient methodology, as ordering physicians can learn to modify terminol-
ogy to ensure a specific study is completed, thus adding a supplementary layer of 
complexity [17]. 

It is however worth noting that unsupported and contraindicated studies did 
have a positive impact on patient care in a multitude of instances. Whether this 
unexpected high number came as a result of incomplete documentation render-
ing many of these studies as falsely non-indicated or as a result of physician ex-
perience and intuition is difficult to accurately determine. Nevertheless, this 
suggest that perhaps our overall focus should be placed on significantly decreas-
ing instead of completely eliminating these types of studies, by allowing physi-
cians to override a CPOE alert in clinical situations where guidelines do not fully 
consider certain elements of a clinical picture. 

As of January 1st 2020, legislation in the United-States will be enforcing this 
general direction of practice under the Protecting Access to Medicare Act [18]. 
Physicians will be required to consult specific appropriateness imaging guide-
lines for radiology to receive reimbursement through Medicare [19]. By imple-
menting this strategy and adding financial implications to the following of im-
aging guidelines, the goal is to reduce unsupported and clinically unjustified 
imaging studies. If through a system-based approach even a small percentage of 
the observed unwarranted imaging studies were eliminated, there is potential of 
great financial savings, decreased radiation exposure to patients and elimination 
of many follow-up studies which are performed due to incidental findings.  

4.2. Repeat Studies and the Insufficient Use of Prior Imaging 

Research has suggested that the issue of unnecessarily repeated diagnostic imag-
ing studies is still an area which could use great improvement [19]. A recent 
Ontario study demonstrated through a large-scale analysis that cross-sectional 
imaging of the head, chest, abdomen and pelvis were reimaged with the use of 
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the same modality at the rate of 12.8% within a 90-day period [19]. Furthermore, 
they showed that this frequency of repeats decreased in areas where a shared 
online imaging repository was used [19]. Similarly, our findings demonstrated 
that 231 (22%) of the studies evaluated had a relevant prior image performed 
within a 180-day period. 

Implementation of a Health Information Exchange database with integrated 
alerting at the time of DI ordering could potentially help address this issue [20]. 
Efficient access to all patient prior imaging holds great quality of care impact 
and recent estimates have demonstrated overall positive savings associated with 
such access [21]. Algorithms which would flag studies done within a certain time 
interval or anatomical proximity to the one being requested would further sup-
port more informed and efficient diagnostic imaging approaches by helping to 
decrease, most notably, the number of unsupported studies [20]. 

Although the hospital system analysed in this study does belongs to a shared 
imaging repository extending to many other hospitals and clinics, this is not all 
inclusive. As was the case for 6 individuals analysed in this review, previous for-
eign imaging studies may remain inaccessible with this type of system. Further-
more, the repository is not integrated with the hospital information system, thus 
making the process of looking up previous imaging studies a multi-step process 
for providers. In the situations observed, the unavailable priors had been per-
formed less than 1 month before the patients presented to the Emergency De-
partment suggesting that some could have potentially negated the need for new 
imaging. We argue that moving to a single shared imaging repository for the 
Province which includes a system of notifications that could alert providers of 
the availability of prior imaging studies at the point of ordering could further 
decrease the observed incidence of repeat imaging.   

5. Limitations 

This study relied upon the review of many written paper-based ED records 
which poses legibility and completeness challenges. It is therefore likely that cer-
tain studies may have in fact been supported by guidelines, but the available 
physician documentation was not complete. Furthermore, occasional clerical 
errors in assigning the correct ordering physician were noted which presents a 
challenge in studying physician utilization in a non-CPOE environment. Studies 
may have been ordered under the name of the emergency physician, even if the 
patient had been transferred to a new most responsible provider who was the 
actual ordering physician, thus contributing to a small overestimation in the 
number of studies requested by the emergency department. Lastly, transcription 
errors, although not directly evaluated, have been described previously in litera-
ture as a noteworthy source of error in imaging request and thus constitute an-
other area of potential limitation [22]. 

6. Conclusions 

In summary, 228 (22%) radiographs and CT studies requested by the Emergency 
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Department in a community hospital, excluding MVC related imaging and ex-
tremity imaging, did not meet any of the CAR, ACR or Choosing Wisely Canada 
guidelines. Additionally, in 168 (16%) cases, a suboptimal imaging study or im-
aging modality was utilized. In all cases of unsupported imaging use, a positive 
impact on patient care and management was noted less than 50% of the time. 
Most patients had relevant prior imaging, with 107 (10%) patients having one 
within one week prior to their ED presentation.  

Significant opportunities exist regarding improving appropriate utilization of 
diagnostic imaging resources in the ED. Although clearly multifactorial, we sug-
gest that there is potential for major system benefit especially with physician en-
gagement. Focus should be placed on developing optimized CPOE with embed-
ded alerting and clinical decision support that fits provider workflow, maximises 
efficiency and minimises patient harm. Furthermore, although previous imaging 
studies may be automatically retrieved and made available in certain systems or 
departments at the time of imaging review, it is currently not available at the 
time of ordering. By implementing a Health Information Exchange system 
paired with an alert system, the amount of imaging studies which are repeated 
due to inaccessibility or lack of provider awareness could be decreased.  

Building towards a future where prior imaging is consistently made available 
to physicians at the point of care, with appropriate use guidelines being inte-
grated in the decision-making process may lead to significant reductions in un-
necessary imaging. Continued physician and patient education around appro-
priate use of imaging is also key. Considering the growing use of diagnostic im-
aging, such strategies could play an important role in improving the quality and 
safety of patient care, reducing ED wait times and overall health system costs. 
Supporting appropriate utilization at the point of care with embedded and up to 
date guidelines holds great potential in improving resource management which 
extends far beyond the completion of a single inappropriate test. 
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Abstract 
Conjunctival squamous cell carcinoma is a common malignant tumor in 
adults. It affects the peri-limbic conjunctiva. This is a neoplasia that is in-
creasing in tropical Africa because it occurs in subjects with prolonged expo-
sure to ultraviolet rays, in patients immunocompromised to the human im-
munodeficiency virus and HPV infection. Computed tomography allows one 
to make a diagnosis. We report the case of 57 patients in whom the diagnosis 
was made radiologically and confirmed by histology. 
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1. Introduction 

Conjunctival squamous cell carcinoma is a rare tumor affecting the peri-limbic 
conjunctiva [1]. It is a malignant tumor that is common in adults [2]. Conjunc-
tival squamous cell carcinoma occurs in patients with prolonged exposure to ul-
traviolet light, immunocompromised human immunodeficiency virus (HIV) 
and HPV (human papilloma virus) infections [3]. In the tropics, benign tumors 
are common such as pterygium. These benign tumors develop on the conjuncti-
va of the inter-palpebral area, at the level of the limb and tend to invade the cor-
nea [4]. Malignant tumors are much rarer, but must always be present in the 
mind of the ophthalmologist. The most represented is conjunctival squamous 
cell carcinoma (SCC), which is one of the differentiated squamous tumors [4], 
hence it is the interest of this study. 

It is an increasing neoplasia in tropical Africa because of these different risk 
factors. Imaging, especially CT, is still part of the diagnosis and management of 
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squamous cell carcinoma. We report the epidemiological, clinical and calculated 
tomography of this condition in 54 patients. 

2. Patients and Methods 

This was a retrospective study with a descriptive aim carried out over 8 years 
from February 2008 to February 2017 in the Ophthalmology, Radiodiagnostics 
and Imaging departments of the University Hospital of Treichville. It involved 
54 eyes of 54 patients. Included were all patients who had consulted during the 
study period and had conjunctival tumor with or without locoregional and cere-
bral invasion with a histological diagnosis of squamous cell carcinoma. The spe-
cific objectives of this study were to describe the epidemiological, clinical and 
computed tomographic features of conjunctival squamous cell carcinoma in our 
patients. It also consisted of showing some correlation between the HIV-AIDS 
virus and this condition. 

A clinical examination of the eyes has been performed in all our patients. 
They all benefited from a computed tomography scan that showed the tumor. A 
biopsy or surgical excision of the tumor was performed under general anesthesia 
for anatomopathological analysis. HIV-AIDS serology was performed after in-
formed consent from patients with, in some cases, CD4 cell typing. 

3. Results 

We objectified more women than men with a sex ratio of 0.89. The age of the 
patients ranged from 6 to 70 years with an average of 45.5 years. All our patients 
were black and lived in Abidjan, Côte d'Ivoire (sub-Saharan Africa). The clinic 
was dominated by orbital tumors with exophthalmia and a conjunctiva-limbic 
tumor. The damage involved the right eye in all our patients. 

HIV serology was positive in 39 patients. Lymphocyte typing was performed 
in all these patients. From a radiological point of view, the tumor was located in 
the left eye in 45 patients and in the right eye in 09 patients without intracerebral 
extension (Figure 1). It was an intraocular burgeoning tissue process with intra 
and extra conical involvement in all patients (Figure 2). 

The optic nerve was stretched in 10 patients. The oculomotor muscles were 
infiltrated by the tumor in 22 patients (Figure 3). There was osteocondensation 
in contact with the tumor in 38 patients (Figure 4). The diagnosis of squamous 
cell carcinoma was established after biopsy by tumor incision or surgery. Pa-
tients underwent tumor resection combined with adjuvant topical chemothera-
py. Postoperative follow-up was simple in all patients. These different variables 
studied are summarized in Table 1. 

4. Discussion 

Conjunctival squamous cell carcinoma occurs most often in the elderly [4]. All 
reported patients had an age ranging from 6 to 70 years with an average of 45.5 
years. Chronic irritation of an infectious nature, such as trachoma, or mechanical,  
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Figure 1. Axial CT scan parenchymal window: left intraorbital budding tumor process. 
 

 
Figure 2. Axial CT scan parenchymatous window: intranibular left mass with intra and 
extra conical extension (horizontal arrow). Presence of another tumor process beginning 
in the right eye (curved arrow). 
 

 
Figure 3. Axial CT scan parenchymatous window: intra-orbital left mass with intra and 
extra conical extension. 
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Figure 4. CT scanographic axial view of the bone window: osteocondensation of the left 
zygomatic process. 
 
Table 1. Abstract table of the variables studied. 

VARIABLES STUDIED RESULTS 

SEXE dominant 48 hommes 

Average age 45.5 years 

RESIDENCE All in Ivory Coast 

Serology HIV 39 patients 

Main site of tumor Left eye in 45 patients 

Clinical Clinical orbital and conjunctiva limbic tumors 

Optic nerve damage 10 patients 

Occultomotor muscle damage 22 patients 

Osteocondensation 38 patients 

Treatment tumor resection + adjuvant topical chemotherapy 

 
such as dust, and infection with Human Papilloma Virus (HPV) 16 or 18, would 
be risk factors [5]. 

No ethnological factor has been identified. When conjunctival squamous cell 
carcinoma occurs at earlier ages, HIV infection should be sought. HIV is not di-
rectly carcinogenic: it is a promoter in the development, extension and distribu-
tion of these tumors. HIV induces a chronic suppression of the immune system, 
hence the anti-cancer immunity, which increases the oncogenic potential in case 
of dysplasia [6]. More than half of our patients had HIV. This confirms the cor-
relation between HIV and the occurrence of conjunctival squamous cell carci-
noma. 

Cutaneous squamous cell carcinomas are exceptional in the melanoderm popu-
lation [4] [5]. Our study shows that this population is not spared by this tumor 
because all our patients were black. Prolonged sun exposure is unanimously 
recognized as a predisposing factor for corneo-conjunctival dysplastic lesions, 
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precancerous and by extension to Conjunctival squamous cell carcinoma [7]. 
Ultraviolet rays are harmful on the epibulbar conjunctiva opposite the palpebral 
closure slot straddling the limb [7]. Conjunctival squamous cell carcinoma can 
occur in different clinical forms [8]: the most common is the gelatinous form, 
characterized by dilated superficial vessels. The nodular form has an increased 
lymph node metastatic potential. It was the nodular form presented by all our 
patients. 

Imaging, in particular CT, can be used to assess the lesion of the tumor [2] [9]. 
It was a burgeoning, ulcerated tumor infiltrating intra and extra conical fat. Com-
puted tomography showed the extension of the tumor to the occulomotor muscles 
in some and stretching of the optic nerve in others. The extension was also at the 
optical chiasma level in some of our patients which explained the blurred vision in 
these patients. The tumor may extend in some cases in the cerebral parenchyma. 
In our case, we did not have intra-parenchymal cerebral extension. On the other 
hand, there was bone involvement such as osteocondensation of the affected orbit-
al walls. Lymph metastases (pre-vaginal and sub-angulomaxillary) and general 
metastases (heart, lung, brain) are rare and mainly concern highly evolved tu-
mors [10]. 

Histology alone allows diagnosis with certainty [11]. Conjunctival squamous 
cell carcinoma consist of atypical epithelial cells organized in spans or isolated 
and located within concentric dyskeratotic cells, forming horny globes. The 
limbus of the conjunctiva is an area favorable to the hatching of the precancell-
ous and cancerous lesions because of the presence of the deposit of the com-
partment of the stem cells, origin admitted of the essential of the renewal of the 
corneene epithelial coating. It is indeed in this region that most carcinomas 

Histological analysis was performed in all our patients after an incision or 
surgical excision. 

The treatment is mainly based on surgery associated with chemotherapy. Ad-
juvant external radiotherapy or contact may also be proposed in infiltrating 
ECCs to avoid the risk of local recurrence and swarming of cancer cells at the 
level of the operating site [12]. In our case, it was performed surgery and che-
motherapy in all our patients [12]. In our patients, surgery and chemotherapy 
were performed. 

5. Conclusions 

Conjunctival squamous cell carcinoma is a common malignant tumor in adults. 
The risk factors involved are HIV infection, prolonged exposure to ultraviolet 
radiation and HPV infection (human papilloma virus). Our study confirms the 
link between conjunctival squamous cell carcinoma and HIV/AIDS. 

Conjunctival squamous cell carcinoma has a poor prognosis and is a public 
health problem because of its late management. Imaging including CT is of pa-
ramount importance in the positive diagnosis and the extension assessment. 

Histology is the only test to make the diagnosis of certainty. The treatment 
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combines surgery, chemotherapy more or less associated with radiotherapy. 
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Abstract 
During the operation of an X-ray machine, if the radiation protection of X-ray 
room is insufficient, not only the patient but also clinical staffs as well as public 
are exposed to high X-ray exposures. In this research work, leakage and scat-
tered radiations were measured from X-ray machine in the radiology depart-
ment of Cape Coast Teaching hospital in the Cape Coast Municipality of Gha-
na. The scattered radiation exposures of X-rays in some selected areas within 
the facility were measured. The X-ray machine was operated for a range of kilo 
voltage peaks of kVp 77, 70, 63 and 66 with intensities 20, 6.3 and 8.0 mAs, 
which represents the main technique factors of some body parts such as chest, 
lumbar spine and extremities during radiographic examinations. The mea-
surements were performed using a RADOS-120 Universal survey meter. The 
radiation doses rates measured in the various locations in the Radiology De-
partment of Cape Coast Teaching Hospital of Ghana were in the range of 0.10 
µSv/hr to 0.12 µSv/hr. These values were all within the background measure-
ment of 0.10 µSv/hr. Moreover, there were no risks of high radiation doses to 
patients, staffs and people visiting the X-ray department. The results obtained 
indicated that within the radiology department of the Hospital, all the selected 
locations were very safe to patients, occupational workers and the general pub-
lic which could be attributed to adequate shielding in the facility. 
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1. Introduction 

The German physicist Roentgen, while studying the properties of cathode rays in 
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1885, found that a very penetrating radiation was coming from a discharge tube. 
Since the nature of radiation was hitherto unknown, it was called X-rays. Sub-
sequently, the properties of this radiation were thoroughly investigated and es-
tablished but they are still known as X-rays. The discovery of new and unknown 
radiation stimulated the imagination of many workers who made serious at-
tempts to establish its nature. On the basis of several experiments, it was recog-
nized that most of the properties of this radiation are similar to those of elec-
tromagnetic waves of very short wavelengths. These radiations are produced 
mainly by machines when high voltage electrons interact with matter. X-rays are 
similar to gamma rays as they can pass through fairly thick materials. Ionization 
radiation has brought substantial benefits when used in medicine, but there are 
known risks due to stochastic effects and deterministic effects [1] [2] [3].   

In radiology department of the hospital under investigation, three methods of 
patient dose assessment are used; these are 1) direct dose measurement on a pa-
tient, 2) dose measurements in physical phantom, and 3) Monte Carlo simula-
tions. Lack of up-to-date dose information and conversion coefficient compli-
cates the justification and optimization of the procedures. Choosing the best 
procedure for the diagnosis with the lowest radiation dose and cost proves to be 
challenging [4] [5].  

Passive solid-state dosimeters can be used for direct dose measurement on a 
patient and in a phantom for a specific medical examination. The characteristics 
of the passive dosimeter are that the radiation induces ionization in the material, 
which is proportional to the energy absorbed in matter. Thermo luminescence 
dosimeter (TLD), optically stimulated luminescence dosimeter (OSLD), and Ra-
diophoto luminescence Dosimeter (RPLD) are commonly used as passive dosi-
meters [6] [7] [8]. 

The longer a person is exposed to radiation, the more energy the body will be 
absorbed from the radiation. This is not to be mistaken with the idea that the 
radiation will somewhat stay in the body causing other health effects. The energy 
will immediately affect the body by breaking bonds in molecules or affecting the 
cells in the body. It is the absorption of energy that may lead to health effects. 
Any time radiation interacts with the body, it has the potential to damage the 
cells in the body, possibly leading to health effects. As more and more energy is 
transferred to the body by the radiation, the chances of causing a health effect 
also increases [9] [10]. 

2. Method 

This research work has been carried out by the measurement of the effective 
dose rates due to scattered radiation from diagnostic X-ray room in Cape Coast 
Teaching Hospital, Cape Coast of Ghana. The radiation dose was monitored by 
using a portable survey meter called RADOS Universal Survey Meter RDS-120. 
The model of the fixed X-ray machine was Bucky Diagnost manufactured by Phi-
lips. The survey meter is equipped with an end window Geiger-Muller counter 

 

DOI: 10.4236/ojrad.2018.84033 300 Open Journal of Radiology 
 

https://doi.org/10.4236/ojrad.2018.84033


J. Owusu-Banahene et al. 
 

cylindrical tube enabled to detect different kinds of ionizing radiation such as 
gamma and X-rays. Therefore, it was suitable appropriate or good for this re-
search work as it was able to measure the radiation doses or radiation exposure 
using X-rays. The survey meter was used to measure the effective dose or scat-
tered X-rays at the control area (e.g. protected cubicle), and uncontrolled areas 
such as patient waiting area, Radiographer’s office, changing room and just be-
hind the main door of the diagnostic X-ray unit as shown in Figure 1. 

Measurements were performed during the daytime, normal working hours of 
the selected hospital which was five hours, from 8 AM to 1 PM per day. Before 
the X-ray machine was switched on, the background radiation dose rate at the 
Radiology Department of the hospital was measured and found to be 0.10 μSv/h. 
Subsequently after the exposure to the radiation, the fall out radiation was 
measured in the control panel, radiographer’s office, changing room, just behind 
the main door and patient waiting area. The X-ray machine was operated for a 
range of kilo-electron volts of 77, 70, 63 and 66 and intensities 20, 6.3 and 8.0 
mAs which represent the exposures for diagnostic imaging of body parts such as 
chest, lumbar spine and extremities respectively. Above exposure ranges and 
 

 
Figure 1. Schematic diagram of scattered X-rays at the Radiology department of Cape 
Coast Teaching Hospital. Legend: CR: Changing Room means a place where by patients 
have to remove their clothing’s and put on hospital clothing for radiologic examination; 
PWA: Patient Waiting Area is an area whereby patients are allowed to sit or wait before 
they are called for X-rays examination; PC: Protected Cubicle is an area within the X-ray 
room where the radiographer stands or sits when X-rays are taken; BD: Behind Door is a 
lead-lined protected entrance door of an X-ray room; RO: Radiographer Office is a place 
or room outside the X-ray room whereby the radiographer sits to write notes of docu-
ments when X-rays are not taken. 
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types of imaging were selected because they were most mostly used at the se-
lected areas of the hospital. 

3. Results and Discussion 

Before the measurements were done the background reading of the survey meter 
RADOS-120 was taken and it was found to be 0.1 μSv/h. At this energy 77 KeV 
and 20 mAs, all dose rates were slightly above the background radiation. The pa-
tient waiting area and the radiographer’s office have the least dose rates showing 
that these locations were the safest areas to be in when the X-ray machine is in 
operation. This is mainly due to the distance of these places from the X-ray ma-
chine as well as the design of the X-ray room. The protected cubicle, the chang-
ing room and just behind the main door have higher scatter radiation dose rates. 
This is also due to the closeness of these areas to the X-ray machine and proba-
ble some defects in the shielding provided to protect these areas. This means that 
some photons or X-rays penetrate through these locations but still these areas 
were safe due to adequate shielding provided at the facility as shown in Figure 2. 

For this energy 66 KeV and 20 mAs, there was no scatter radiation recorded in 
the radiographer’s office and the patient waiting area. This is due to the lower 
energy of the X-rays used as well as adequate shielding in the room. The chang-
ing room, behind the main entrance door and the protected cubicle recorded a 
slightly higher reading than 0.1 μSv/h. This indicated that, all these areas are safe 
for both workers and patients as shown in Figure 3. 

All radiation doses were within the acceptable range for this energy 70 KeV 
and intensity 20 mAs with no scatter radiation recorded in the patient waiting 
area. This showed that the patient waiting area is very safe for patients to sit 
whilst awaiting for examinations to be done. The changing room and the pro-
tected cubicle gave a higher radiation dose rate of 0.12 μSv/h and 0.11 μSv/h re-
spectively. All locations were safe for both patients and workers as shown in 
Figure 4. 
 

 
Figure 2. Variation of Dose Rate against Location for X-ray using 77 KeV and 20 mAs. 

0.08

0.085

0.09

0.095

0.1

0.105

0.11

0.115

0.12

0.125

Changing room Patient waiting 
area

Protected 
cubicle

Behind door Radiographer's 
office

D
os

e 
Ra

te
 (μ

Sv
/h

)

Location

 

DOI: 10.4236/ojrad.2018.84033 302 Open Journal of Radiology 
 

https://doi.org/10.4236/ojrad.2018.84033


J. Owusu-Banahene et al. 
 

 
Figure 3. Variation of Dose Rate against Location for X-ray using 66 KeV and 20 mAs. 

 

 
Figure 4. Variation of Dose Rate against Location for X-ray using 70 KeV and 20 mAs. 
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in Figure 5. There was no scatter radiation recorded in any of the locations be-
low this X-ray energy. This makes all these locations safe for both patients and 
workers when the X-ray machine is under operation. Table 1 shows average ef-
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Figure 5. Variation of Dose Rate against Location for X-ray using 63 KeV and 20 mAs. 
 
Table 1. Results for each location with X-ray using 77 KeV and 20 mAs. 

LOCATION EFFECTIVE DOSE RATE/(μSv/h) 
AVERAGE EFFECTIVE 

DOSE RATE/(μSv/h) 

Changing room (CR) 0.11 0.12 0.12 0.12 

Patient waiting area (PWA) 0.11 0.11 0.11 0.11 

Protected cubicle (PC) 0.12 0.12 0.13 0.12 

Behind door (BD) 0.11 0.12 0.12 0.12 

Radiographer’s office (RO) 0.12 0.11 0.11 0.11 
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pality using a universal survey meter of RADOS-120. The results of the effective 
dose rate (μSv/h) measurements for these areas are shown in Table 2 to Table 4. 
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of that location from the X-ray machine as shown in Figure 1. All measurements 
were with background radiation of 0.10 μSv/h. It can be shown that as the X-rays 
parameters keV and m As were increased more X-rays are penetrated through 
these locations and were detected by the survey meter. Also, it can be seen that at 
lower X-ray energies, the effective doses were approximately the background 
radiation. This was observed in Figure 4. The effective dose rates measured at 
these locations were all below the reference dose rate of 0.1 mSv/hr and there 
were no adverse risks for public. This means that more photons or X-rays does 
not penetrate through Radiology Department rooms of the Hospital due to ade-
quate shielding of the walls or doors. There is no obvious health risk of radiation 
exposure for all the exposed population visiting the Radiology Department of 
Cape Coast Teaching Hospital. 
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Table 2. Results for each location with X-ray using 66 KeV and 8.0 mAs. 

LOCATION EFFECTIVE DOSE RATE/(μSv/h) 
AVERAGE EFFECTIVE 

DOSE RATE/(μSv/h) 

Changing room (CR) 0.12 0.11 0.11 0.11 

Patient waiting area (PWA) 0.10 0.11 0.10 0.10 

Protected cubicle (PC) 0.11 0.12 0.11 0.11 

Behind door (BD) 0.11 0.11 0.11 0.11 

Radiographer’s office (RO) 0.10 0.11 0.10 0.10 

 
Table 3. Results for each location with X-ray using 70 KeV and 20 mAs. 

LOCATION EFFECTIVE DOSE RATE/(μSv/h) 
AVERAGE EFFECTIVE 

DOSE RATE/(μSv/h) 

Changing room (CR) 0.12 0.11 0.12 0.12 

Patient waiting area (PWA) 0.10 0.10 0.11 0.10 

Protected cubicle (PC) 0.12 0.12 0.11 0.12 

Behind door (BD) 0.11 0.11 0.12 0.11 

Radiographer’s office (RO) 0.11 0.11 0.11 0.11 

 
Table 4. Results for each location with X-ray using 63 KeV and 20 mAs. 

LOCATION EFFECTIVE DOSE RATE/(μSv/h) 
AVERAGE EFFECTIVE 

DOSE RATE/(μSv/h) 

Changing room (CR) 0.11 0.10 0.11 0.11 

Patient waiting area (PWA) 0.10 0.10 0.10 0.10 

Protected cubicle (PC) 0.10 0.10 0.11 0.10 

Behind door (BD) 0.10 0.11 0.11 0.11 

Radiographer’s office (RO) 0.10 0.10 0.10 0.10 

4. Conclusion 

The results indicated very small variations in the radiation doses as compared to 
the background radiation doses at the various locations at the radiology depart-
ment of Cape Coast Teaching Hospital in Central Region of Ghana. This is 
probably due to different factors such as the distance of the locations from the 
X-ray machine and the effectiveness of the barriers (e.g. walls and doors). Effec-
tive doses at the control area were always slightly higher than the effective doses 
at the radiographer’s office by 0.01 μSv/h for each X-ray energy. Nearer locations 
such as behind the entrance door, the changing room and the controlled areas 
had slightly higher effective dose rates than locations such as the Radiographer’s 
office and the patient waiting area. Lower X-ray energies give rise to lower dose 
rates and the vice versa. From the results obtained, it was seen that all the hos-
pital room barriers (e.g. doors and walls) were adequately shielded to reduce all 
radiation doses. Moreover, there are no risks of high radiation doses on the 
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patients, staff and people visiting the X-ray department of Cape Coast Teaching 
Hospital. The results obtained indicate that within the radiology department of 
the Hospital, all the selected locations are very safe to patients, occupational 
workers and the general public. Finally it was observed that all the radiation 
protection principles were adequately observed. 
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Abstract 
Body Mass Index (BMI) and Percentage Body Fat (%BF) values have been 
determined in cancer patients. In the study, 83 adult cancer patients were as-
sessed of which 15 (18.1%) were males and 68 (81.9%) females. Body weight 
and height of individual patients were used in calculating their respective 
BMI values. The respective %BF values were determined taking into consid-
eration of the age, gender and BMI. Maximum values of BMI (34.71 kg/m2) 
and %BF (46.37%) were obtained, for which they were females and the min-
imum values of BMI (12.08 kg/m2) and %BF (12.35%) respectively. The pa-
tient with the minimum %BF value was male and that of BMI was female. It 
was observed from the results that females have higher values of both BMI 
and %BF than their male counterparts. The study reveals higher rate of fe-
male cancer incidence than males. 
 

Keywords 
Body Mass Index, Percentage Body Fat, Obesity, Risk Factor and Metabolic 
Disorder 

 

1. Introduction 

Currently, cancer is one of the most deadly diseases in the world, killing about 
seven million people in the world every year for which about 70% of the deaths 
occur in developing countries. The number of cancer cases is growing globally 
but developing countries are worst hit by the cancer crisis, since the resources 
needed to prevent, diagnose and treatment are severely limited. It has been hig-
hlighted by Program of Action for Cancer Therapy (PACT) that these figures 
quoted for cancer rates are likely to double by the year 2020 and tripling nearly 
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by the year 2030 with a projection of seventeen million deaths [1]. 
Obesity is a condition in which excess fat has accumulated in the body such 

that it may have an adverse effect on health leading to decreased life expectancy 
and increased health problems. Obesity and its related diseases are a major 
healthcare problem in many countries. The prevalence of obesity is increasing 
worldwide in both developed and developing countries. In the advanced coun-
tries like USA and Europe more than 40% of the population are overweight [2] 
[3]. Obesity is an important risk factor for many chronic diseases like diabetes 
mellitus, osteoarthritis, coronary heart disease, certain types of cancer like can-
cer of colon, nasopharyngeal and pregnancy complications. Obesity occurs as a 
person consumes more calories than one can burn. There are other factors 
which contribute to obesity development. Some of these are age, gender, physical 
activity and medication.  

Changes in life styles and low physical activity even in developing societies is a 
predisposing factor for adult weight increasing and prevention of obesity is an 
important subject in health programming. Obese women appear to have greater 
iron stores than non-obese women [4]. Iron is an essential element and although 
deficiency leads to anemia, iron overload is also associated with many health 
problems [5]. Obesity is a metabolic disorder characterized by an increase of 
body fat. It is the degree of body fatness that is important as a risk factor rather 
than the degree of excess weight. However, the body fat cannot be measured eas-
ily. The World Health Organization (WHO) classification of obesity used BMI, a 
simple index of weight-of-height ratio, because of the robust nature of the mea-
surements and routine inclusion of weight and height in clinical and population 
surveys [6]. The BMI is an index calculated from a person’s weight and height. 
The BMI is a valuable tool which is used to determine whether a person’s health 
is at risk or not. 

Another way to determine whether one’s weight is placing a health risk is to 
measure the circumference of your waist. Waist measurement does not deter-
mine if you are overweight, but it also an indication of having excess fat in the 
abdomen. This is important because, extra fat around the waist may increase 
health risks even more than fat elsewhere on the body. It has been established 
that women with waist measurements more than 35 inches (88.9 cm) and men 
with waist measurements more than 40 inches (101.6 cm) may have an increased 
risk for obesity-related diseases. 

Determination of body mass index (BMI) is very important for cancer pa-
tients undergoing various types of radiotherapy. Body mass index is a measure 
of body weight relative to the height and it is consistently used as an estimate of 
adiposity. BMI has been positively associated with incidence and mortality from 
a variety of cancer patients [7] [8]. It is an indication whether the patient is un-
derweight, normal, overweight or very overweight (obese). Obesity has more re-
cently been shown to play a significant role in the development of some cancers, 
including cancers of the breast, prostate, colon and many others. Obesity in-
creases the risk of certain types of cancers such as those involving the gastroin-
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testinal tract and hormone dependent neoplasms including endometrial carci-
nomas [8] [9]. Obese people are at a higher risk for developing failures in radia-
tion therapy. 

Patients can be classified into different BMI categories according to the WHO 
classification [10]. Category 1, acceptable (BMI < 25 kg/m2); Category 2, over-
weight (BMI ≥ 25 but <30 kg/m2); Category 3, obese (BMI ≥ 30 but <40 kg/m2); 
and Category 4, morbidly obese (BMI ≥ 40 kg/m2). BMI is an important anth-
ropometric index usually used for body fat status assessment and as an indicator 
for total body fat determination [11]. Deurenberg et al. [12] have established that 
the body fat can be determined for both children and adults. 

A number of researchers have postulated that, fat tissues influence concentra-
tions of various significant development signaling molecules, such as testoste-
rone, estrogen and insulin-like growth factor, which play a vital role in cancer 
development and progression [12]. Different researchers have established dif-
ferent BMI limits for both men and women genders. This is very useful in either 
drug administration or delivering of radiation doses to cancer patients during 
treatment.  

Cancer risk is associated with the metabolism of fats and sugars which affect 
hormones like insulin and estrogen. Estrogen affects the growth of cancer and 
normal cell proliferation. Excess fats in diet therefore create free radicals that can 
damage the cell membrane causing cells to become cancerous. Obese people 
have an abnormally high and unhealthy proportion of body fat. Research has 
shown that, the main causes of obesity are sedentary lifestyles and overcon-
sumption of high calorie food [13] [14] [15]. Fruits and vegetables in diet con-
tain phytochemicals that can neutralize excess free radicals and may reduce their 
toxic effects. 

In this study, the BMI and %BF would be investigated in relation to the high 
rate of incidence of cancer patients. The overall cancer patients would be catego-
rized according to gender. 

2. Materials and Methods 
2.1. Calculation of Body Mass Index 

The patient data were collected for 83 adults over a wide range of cancers. The 
cancer patients selected were all adults between the ages of 28 and 90 years with 
various types of cancer sites. Body weight was measured with light indoor cloth-
ing by an electronic balance with an accuracy of 0.1 kg. Standing height without 
shoes was measured by a wall mounted stadiometer to the nearest 0.1 cm. These 
measurements were taken while subjects were relaxed, standing erect and had 
their arms at their sides and feet together. The calculation of the BMI was done 
by using the golden standard formula as shown in Equation (1) 

2

WBMI
H

=                             (1) 

where: W = weight of the patient in kilograms; H = height in meters. 
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2.2. Calculation of Percentage Body Fat (%BF) 

The calculations of the percentage body fat were determined by using the fol-
lowing mathematical equation for adult patients 

Percentage Body fat (%BF) = (1.20 × BMI) +                
(0.23 × Age − (10.80 × gender) − 5.4             (2) 

The rating for males and females gender was 1 and 0 respectively when ap-
plying the equation in (2). 

For female adults, where by Sex = 0 it can be shown that, the equation be-
comes 

1.20 BMI 0.23 Age 5.4∗ + ∗ +                     (2a) 

and for male adults, Sex = 1, then the equation also becomes 

1.20 BMI 0.23 Age 16.2∗ + ∗ −                    (2b) 

3. Results and Discussion 

Table 1 shows the distribution of cancer patients with their calculated BMI 
and %BF. In Table 1, it is observed that 22.9% were found to be overweight and 
obese according to the WHO classification using BMI as an index indicator for 
which mostly were females. The highest %BF was 46.37% which was observed to 
be a female. 

The variation of BMI and %BF with the number of patients is shown in Fig-
ure 1 and Figure 2. From Figure 1, the maximum values of BMI and %BF are 
 
Table 1. Distribution of cancer patients with their calculated BMI and %BF. 

Patient ID Sex Age (years) Weight (kg) Height (m) BMI (kg/m2) %BF 

001 F 45 39.7 1.58 15.90 24.03 

002 F 72 57.6 1.61 22.22 37.82 

003 F 43 69.7 1.65 25.76 35.40 

004 M 70 56.1 1.56 23.05 27.56 

005 F 64 57.2 1.73 19.11 32.25 

006 F 45 80.3 1.68 28.45 39.09 

007 F 62 46.8 1.53 19.99 32.85 

008 F 43 66.1 1.62 24.87 34.33 

009 F 54 55 1.59 21.75 33.12 

010 F 45 39.2 1.55 16.32 24.53 

011 F 64 32.5 1.58 13.02 24.94 

012 M 60 55 1.65 20.20 21.84 

013 F 38 67.2 1.64 24.99 33.33 

014 F 70 52.3 1.60 20.43 35.22 

015 F 72 48.6 1.59 19.22 34.22 

016 F 40 65.7 1.62 25.03 33.84 

017 F 50 57.8 1.58 23.30 34.06 

018 F 39 59.7 1.61 23.03 31.21 

019 F 41 69.9 1.69 24.39 33.30 
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Continued 

020 F 44 93.8 1.64 34.71 46.37 

021 F 73 48.5 1.50 21.56 37.26 

022 F 75 53.6 1.63 20.17 36.05 

023 F 75 51.6 1.61 19.91 35.74 

024 F 71 57.8 1.61 22.30 37.69 

025 F 32 62.5 1.73 20.88 27.02 

026 F 75 37.7 1.60 14.7 29.49 

027 F 47 48.5 1.57 19.68 29.03 

028 F 40 46.2 1.48 21.09 29.11 

029 F 72 48.6 1.59 19.22 34.22 

030 F 45 77.5 1.65 28.47 39.11 

031 F 40 65.7 1.62 25.03 33.84 

032 F 75 32.8 1.55 13.65 28.23 

033 M 69 78.4 1.63 29.43 34.99 

034 F 54 58.2 1.77 18.58 29.32 

035 M 31 62.4 1.61 24.07 19.81 

036 F 60 53.5 1.57 21.71 34.45 

037 F 65 48.6 1.66 17.64 30.72 

038 F 55 69.3 1.71 23.70 35.69 

039 F 39 59.7 1.61 23.03 31.21 

040 F 43 61.7 1.65 22.66 31.68 

041 M 47 42.7 1.70 14.78 12.35 

042 F 28 57.6 1.68 20.41 21.45 

043 F 90 59.6 1.70 20.62 40.04 

044 F 55 61.4 1.66 22.28 33.99 

045 F 64 32.5 1.64 12.08 23.82 

046 F 75 70 1.58 28.04 45.50 

047 F 40 42.7 1.59 16.89 24.07 

048 M 69 55.8 1.60 21.80 25.83 

049 M 49 69.4 1.68 24.59 24.58 

050 F 55 60.6 1.63 22.81 34.62 

051 F 74 56.7 1.67 20.33 36.02 

052 F 50 44 1.60 17.19 26.73 

053 F 45 38.6 1.58 15.46 23.50 

054 M 70 60.6 1.79 18.91 22.59 

055 F 61 64 1.72 21.63 34.59 

056 M 61 73.7 1.67 26.43 29.55 

057 F 45 46.5 1.61 17.94 26.48 

058 M 61 93.0 1.66 33.75 38.33 

059 F 37 57.4 1.54 24.20 32.15 
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Continued 

060 F 52 91.0 1.66 33.02 46.18 

061 F 57 80.3 1.62 30.60 44.43 

062 F 54 55.0 1.59 21.76 33.13 

063 F 40 79.4 1.66 28.81 38.37 

064 F 55 51.4 1.69 17.80 28.61 

065 F 49 81.1 1.66 29.43 41.19 

066 F 37 59.5 1.72 20.11 27.24 

067 F 75 70 1.58 28.04 45.50 

068 F 40 46.2 1.48 21.09 29.11 

069 F 90 54 1.58 21.63 41.26 

070 M 65 52.3 1.72 17.68 19.97 

071 M 35 47 1.60 18.36 13.88 

072 F 43 69.7 1.65 25.76 35.40 

073 M 35 49.8 1.69 17.44 12.78 

074 M 61 73.7 1.67 26.43 29.55 

075 F 65 48.6 1.66 17.64 30.72 

076 F 54 66.8 1.65 24.54 36.47 

077 F 41 69.0 1.69 24.07 28.11 

078 F 45 46.5 1.61 17.94 26.48 

079 M 49 69.4 1.68 24.59 24.58 

080 F 43 69.7 1.65 25.76 35.40 

081 F 50 44 1.60 17.19 26.73 

082 F 49 81.1 1.66 29.43 41.19 

083 F 43 61.7 1.52 26.71 36.18 

 

 
Figure 1. The distribution of BMI with number of patients. 
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Figure 2. The distribution of percentage body fat with number of patients. 
 
34.71 kg/m2 and 46.37 respectively, and this is seen in patients with identifica-
tion number 020. Minimum values of BMI and %BF however occurred in dif-
ferent patients. Patient ID Number 045 had the least BMI value of 12.08 kg/m2, 
and patient ID Number 041 had the least %BF value of 12.35. A general trend is 
observed in both BMI and %BF for all other patients. In all patients, %BF values 
are higher than BMI values except in only four patients with ID Numbers 035, 
041, 071, and 073 for which they are all males. This could be as result of greater 
iron stores in females than in men [13]. The lowest %BF value amongst the fe-
males is 21.45 and is seen in patient ID Number of 042. Figure 3 and Figure 4 
also show the distribution of female and male patients in different age groups. 
From Figure 5, the patient parameters are age, weight, height, body mass index 
(BMI) and percentage body fat for both females and males. From Figure 5, it 
was observed that, the ages are almost the same or equal with slight difference in 
weight, height and body mass index (BMI) but there is remarkable difference in 
both males and females. From Figure 6, the patient parameters are compared 
with their corresponding age groups. It was seen that, the patient parameters 
follow the same trend having higher values for the weight, equal height, compa-
rable BMI with gradual increase in their percentage body fats. The percentage 
patient distribution of BMI according to WHO classifications is also shown in 
Figure 7. In Figure 7, the series 1 have been removed from the pie chart. This 
shows the distribution in overweight, obese and acceptable percentage of BMI 
values according to the World Health Organization (WHO) classification. From 
Table 2, it is observed that, the distribution of cancer patients in terms of age 
group has the highest age group between 51 - 60 years however the lowest age 
group was observed between 71 - 80 years. It was also observed that, the BMI 
values are almost equal. In Table 3, it was observed that, they have the same  
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Figure 3. Distribution of female patients with age groups. 
 

 
Figure 4. Distribution male patients with age groups. 
 
Table 2. Distribution of cancer patients in terms of age group. 

Age 
group 

Weight(kg) Height(m) BMI %BF 

Average Range Average Range Average Range Average Range 

21 - 30 57.6 57.6 1.7 1.7 20.4 20.4 21. 5 21. 5 
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81 - 90 56.8 54.0 - 59.6 1.6 1.6 - 1.7 21.1 20.6 - 21.6 40.7 40.0 - 41.3 
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Figure 5. Distribution of patient parameters with gender. 
 

 
Figure 6. Distribution of patient parameters with age groups. 

 
Table 3. Distribution of cancer patients in terms of gender. 

Sex No. 
Age Weight (kg) Height(m) BMI %BF 

Average Range Average Range Average Range Average Range Average Range 

M 15 55.5 31 - 70 62.6 42.7 - 93.0 1.7 1.6 - 1.8 22.8 14.8 - 33.8 23.9 12.4 - 38.3 

F 68 54.0 28 - 90 58.2 32.5 - 93.8 1.6 1.5 - 1.8 22.0 12.1 - 34.7 33.3 21.5 - 46.4 
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Figure 7. Percentage Patient distribution of BMI according to WHO classification. 

 
height for both genders. Meanwhile there is remarkable difference in the per-
centage body fat (%BF) as females have higher %BF than their male counter-
parts. However they have almost equal values of BMI. 

4. Conclusion 

In the study, the data of 83 adults aged from 28 to 90 years were analyzed and it 
has been observed that, females record high incidence of cancer than males 
(18.1% females and 81.9% males). The results therefore suggest that females have 
higher values of %BF than their male counterparts. From Figure 5 it can be de-
duced that females have much greater values of %BF than their male counter-
parts even though their BMI values for both gender are comparable. The reasons 
for these high values might be due to low physical activities, much iron storage 
in females than males. It has been observed that, at the same BMI, women tend 
to have more body fat than men. Demographic study on cancer patients is being 
carried out to determine the location of the patient, quality of lifestyle and the 
daily nutritional aspects.  
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