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Abstract 
Background: Early detection of ductal carcinoma in situ (DCIS) is essential 
for improving the prognosis of breast cancer. Among mammographically de-
tected DCIS cases, approximately 10% - 20% of DCIS cases are manifested as 
non-calcified. Purpose: To evaluate differences in MRI findings and histolog-
ical features between mammographically evident non-calcified and calcified 
DCIS. Material and Methods: This study included 84 cases of pathologically 
proven DCIS in 82 patients who underwent preoperative breast MRI. The le-
sions were divided into non-calcified and calcified DCIS according to the 
presence of calcifications on mammography. MRI features were analyzed ac-
cording to the enhancement pattern. The pathologic features were also re-
viewed. Results: Among the 84 DCIS cases, 30 (36%) were classified as 
non-calcified DCIS, and 54 (64%) as calcified DCIS on mammography. On 
MRI, 27% (8/30) of non-calcified DCIS and 17% (9/54) calcified DCIS pre-
sented as mass enhancement, 73% (22/30) non-calcified DCIS and 83% (45/54) 
calcified DCIS presented as non-mass enhancements. No significant differ-
ence in the type of lesion was observed between non-calcified and calcified 
DCIS (p = 0.274). Histopathologically, high nuclear grade, presence of necro-
sis, and presence of HER-2 status were more common in calcified DCIS than 
in non-calcified DCIS (p < 0.05). Conclusion: There were no significant dif-
ferences in MRI findings between non-calcified and calcified DCIS. However, 
calcified DCIS had more aggressive histological features than non-calcified 
DCIS. 
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1. Introduction 

Ductal carcinoma in situ (DCIS) is a breast malignancy characterized pathologi-
cally by proliferation of malignant ductal epithelial cells in the lining of the ter-
minal duct lobular unit without invasion through the basement membrane [1]. 
In recent years, the widespread use of mammographic screening has been 
chanced on DCIS more frequently. DCIS now accounts for as many as 30% of 
breast cancers in screened populations, and for approximately 5% of breast car-
cinomas in symptomatic women [2] [3]. DCIS comprises a spectrum of nonin-
vasive malignant processes in the breast with the potential to develop into an 
invasive cancer, and in fact approximately 30% - 50% of DCIS cases do progress 
to invasive breast cancer [4] [5]. Therefore, early detection of DCIS is essential 
for improving the prognosis of breast cancer. 

Among mammographically detected DCIS cases, up to 79% manifest with 
microcalcifications [3], typically with a coarse, heterogeneous, or fine pleomor-
phic morphology, distributed in clusters, or in a segmental and linear-branching 
pattern [6]. However, approximately 10% - 20% of DCIS cases are manifested as 
non-calcified lesions on mammography, such as masses, architectural distortion, 
dilated retro areolar ducts, and developing densities. In addition, 16% of DCIS 
lesions are reported to be occult on mammography [3] [7] [8]. 

On magnetic resonance imaging (MRI), DCIS exhibits various features, such 
as a mass with a washed-out or plateau pattern upon kinetic analysis or as non- 
mass enhancement. With the development of higher spatial resolution techniques, 
MRI has become to detect significantly more cases of any grade of DCIS than 
mammography [9] [10]. To our knowledge, there is very little literature describ-
ing the MR imaging features of mammographically evident non-calcified DCIS, 
and few studies have correlated histopathological features with non-calcified 
DCIS [4] [11]. 

Therefore, the purpose of the present study was to compare the MRI and his-
topathological features between mammographically non-calcified DCIS and cal-
cified DCIS. 

2. Material and Methods 
2.1. Patients 

Our institutional review board approved the study protocol. The research ethics 
board did not require approval for this retrospective review of images and data. 

Using a computer database system, we searched for and recruited patients 
who had undergone surgical treatment of primary breast cancers at our institu-
tion between January 2011 and December 2014. A total of 109 consecutive pa-
tients with pathologically diagnosed pure DCIS based on the final pathological 
reports were included. All patients consented to modified mastectomy or partial 
resection of the breast. DCIS associated with minimal invasion and accompanied 
by invasive cancers were not included. We excluded 27 cases due to absence of 
MRI data. Two patients had bilateral DCIS. Thus, a final total of 84 DCIS cases 
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in 82 patients (age 24 - 83 years; mean 53 years) were included. 

2.2. Mammography 

Mammography was performed using either Senographe DS (GE Healthcare, 
USA) or MAMMOMAT Inspiration (Siemens, Germany). Patients underwent 
cranio-caudal and medio-lateral oblique views ± lateral and magnified and spot 
compression views as medically necessary. 

2.3. MRI 

All MRI imaging was undertaken on a 3.0T scanner (Achieva Philips Healthcare 
Best, Netherlands) in conjunction with an 8-channel phased-array breast surface 
coil. 

For MRI, an axial fat-suppressed fast spin-echo T2-weighted image was ob-
tained, and dynamic contrast-enhanced T1-weighted fat-saturated gradient-echo 
sequences were performed before and four times after a bolus injection of gado-
linium (Magnevist, Bayer Yakuhin, Japan) at a dose of 0.1 mmol per kilogram 
body weight, followed by flush-out with 20 ml of saline solution. After unen-
hanced acquisition, the first contrasted acquisition was performed 20 seconds 
after injection, and the last acquisition was performed over a period of 6 minutes 
after injection. Standard subtraction images were created from the non-enhanced 
and early and late contrast-enhanced T1-weighted fat-saturated gradient-echo 
sequences. 

2.4. Image Interpretation 

All images were retrospectively evaluated by two breast radiologists with 15 and 
7 years of clinical experience. They were blinded to other information and eva-
luated the lesion morphology independently. Discordances were discussed until 
a consensus was reached. 

Mammographic characteristics were evaluated according to the Breast Imag-
ing Reporting and Data System (BI-RADS) [12]. Lesions were classified as be-
longing to five categories: 1) negative, 2) calcifications alone, 3) mass with calci-
fications, 4) mass without calcifications, 5) other findings. The “other findings” 
category included focal asymmetric density and architectural distortion. 

Using MR images, morphological analysis was performed in consensus ac-
cording to the BI-RADS MRI lexicon [12]. The enhancement pattern on MRI 
was analyzed by qualitative assessment of contrast uptake in the initial phase 
(first 2 min) and the delayed phase, which in turn was defined by the BI-RADS 
MRI lexicon to comprise the persistent, plateau, and washout phases [12]. 

2.5. Histopathology 

Participant’s histopathological details were obtained from the electronic patient 
notes system. The following histological parameters were analyzed: nuclear 
grade (modified Bloom and Richardson grading; 1) low grade, 2) intermediate, 
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or 3) high), the presence of necrosis, estrogen receptor (ER) status, progesterone 
receptor (PR) status, HER-2 status and tumor size. HER-2 status was initially 
determined by immune histochemical staining (IHC), and was scored as positive 
in tumors with a 3+ staining score and negative in tumors with scores of 0 and 
1+. Tumors scored as IHC 2+ were further evaluated by fluorescence in situ hy-
bridization (FISH). Tumors were considered positive for ER and PR when 
strong nuclear staining was observed in at least 10% of the tumor cells tested. 

2.6. Statistical Analysis 

Statistical analysis was performed using a statistical software package (SPSS, ver-
sion 21.0, SPSS, Chicago, IL, USA). Inter-observer agreement was evaluated by 
kappa test. Kappa values higher than 0.75 were considered to indicate excellent 
agreement. For differences in the imaging and histopathological features be-
tween the two groups, the chi-squared test and Fisher’s exact test were em-
ployed. A p value of 0.05 or lower was considered significant. 

3. Results 

Inter-observer agreement between the two radiologists was excellent, with a 
kappa value of 0.925 for evaluation of mammographic characteristics, and 0.854 
for morphological analysis of MR images. 

Among the 84 DCIS lesions, 30 (36%) in 30 women (age 24 - 83 years; mean 
55 years) were defined as non-calcified DCIS, and 54 (64%) in 52 women (aged 
35 - 79 years; mean 52 years) were defined as calcified DCIS. Patients with 
non-calcified DCIS did not significantly differ from patients with calcified DCIS 
in terms of mean age (p = 0.375). A palpable mass was found in 16 (53%) cases 
in the non-calcified DCIS group and in 17 (31%) in the calcified DCIS group. 

3.1. Mammography 

The overall sensitivity of mammography for DCIS was 92% (77/84). Regarding 
the non-calcified DCIS group, which included 30 cases, mammography was 
falsely negative in 7 cases (23%) (Figure 1), detected masses in 8 (27%) (Figure 
2), focal asymmetric density in 10 (33%), and architectural distortion in 5 (17%) 
(Table 1). Among the 8 mass lesions, the shape was round/oval in 6 (75%) and 
irregular in 2 (25%). The mass margins were circumscribed in 1 case (12.5%), 
microlobulated in 2 (25%), obscure in 4 (50%), and indistinct in 1 (12.5%). Of 
the 7 mammographically occult cases, 6 were located in dense breast parenchyma. 

Regarding the calcified DCIS group, which included 54 cases, mammography 
detected calcification alone in 45 cases (83%) and masses with calcification in 9 
cases (17%). The dominant morphologies of the calcifications were amorphous 
in 14 cases (26%), coarse heterogeneous in 17 (31.5%), fine pleomorphic in 17 
(31.5%), and fine linear in 6 (11%). The distributions of the calcifications were 
diffuse in 1 case (2%), regional in 1 (2%), clustered in 2 (54%), segmental in 17 
(31%), and linear in 6 (11%). 
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(a)                                                          (b) 

 
(c) 

Figure 1. A 46-year-old woman with mammographically non-calcified DCIS. (a) Mammogram revealed negative finding. (b) MRI 
demonstrated non-mass enhancement in the upper inner portion of the left breast. (c) Final pathology result revealed a 55 mm 
ductal carcinoma in situ, cribriform and papillary type. 
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(a)                                                   (b) 

 
(c) 

Figure 2. A 50-year-old woman with mammographically non-calcified DCIS. (a) Left mammogram revealed a 10 
mm irregular mass in the lateral aspect of the breast. (b) MRI demonstrated a mass with irregular internal en-
hancement. (c) Final pathology result revealed a 10 mm ductal carcinoma in situ, cribriform type. 
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3.2. MRI 

MRI demonstrated a mass in 17 of the 84 cases (20%), and non-mass enhance-
ment in 67 (80%) (Table 2). No significant difference in the type of the lesion  
 
Table 1. Comparison of lesion types on mammography between non-calcified and calci-
fied ductal carcinoma in situ (DCIS). 

Mammography feature Non-calcified DCIS Calcified DCIS 

 30 54 

Calcification alone  45 (83) 

Mass with calcification  9 (17) 

Mass without calcification 8 (27)  

Focal asymmetric density 10 (33)  

Architectural distortion 5 (17)  

False-negative 7 (23)  

Data are numbers of cases. Numbers in parentheses are percentages. 

 
Table 2. Comparison of magnetic resonance imaging (MRI) features between non-calci- 
fied and calcified ductal carcinoma in situ (DCIS). 

MRI feature Non-calcified DCIS Calcified DCIS p-Value 

Mass 8 9  

Shape   0.2668 

Oval 2 (25) 0 (0)  

Round 1 (12) 1 (11)  

Irregular 5 (63) 8 (89)  

Margin   0.0824 

Circumscribed 0 (0) 0 (0)  

Irregular 5 (63) 9 (100)  

Spiculated 3 (37) 0 (0)  

Internal enhancement   0.0978 

Homogeneous 0 1 (11)  

Heterogeneous 5 (63) 8 (89)  

Rim enhancement 3 (37) 0  

Non-mass enhancement 22 45  

Distribution   0.1255 

Focal area 2 (9) 9 (20)  

Linear 6 (27) 4 (9)  

Segmental 12 (55) 31 (69)  

Regional 1 (4.5) 0 (0)  

Diffuse 1 (4.5) 1 (2)  

Internal enhancement   0.6469 

Homogeneous 0 (0) 0 (0)  

Heterogeneous 7 (35) 13 (36)  

Clumped 9 (45) 19 (53)  

Clustered ring 4 (20) 4 (11)  

Data are numbers of cases. Numbers in parentheses are percentages. 
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was observed between the non-calcified and calcified groups (p = 0.274). Eight 
of the 30 (27%) cases of non-calcified DCIS and 9 of the 54 (17%) cases of calci-
fied DCIS presented as a mass. There were no significant differences in terms of 
their shapes (p = 0.267), margins (p = 0.082), or enhancement patterns (p = 
0.097). Twenty-two (73%) of the non-calcified DCIS cases and 45 of the 54 
(83%) calcified DCIS cases presented as non-mass enhancement. The difference 
in distribution (p = 0.126) and internal enhancement (p = 0.647) between two 
groups was not significantly different. 

3.3. Histopathology 

The mean lesion diameter in the non-calcified DCIS group was 30.2 mm (range 
5 - 75 mm) where as that in the calcified DCIS group was 33.2 mm (range 5 - 
118 mm). The difference was not significant. The pathological results revealed 
more cases of a high nuclear grade (p = 0.018), presence of necrosis (p < 0.001), 
and presence of HER-2 status (p = 0.018) in the calcified DCIS group than in the 
non-calcified DCIS group. However, there were no significant inter-group dif-
ferences in terms of the presence of ER (p = 0.679) or PR status (p = 0.101) 
(Table 3). 

4. Discussion 

The incidence of DCIS has been rising steadily. Currently, screening mammogra-
phy is the most useful imaging modality for detection of DCIS. Microcalcification  
 
Table 3. Comparison of histopathological features between non-calcified and calcified 
ductal carcinoma in situ (DCIS). 

Histopathological feature Non-calcified DCIS Calcified DCIS p-Value 

Nuclear grade   0.018* 

1 27 33  

2 2 17  

3 1 4  

Necrosis   <0.001* 

Yes 2 27  

No 28 27  

Estrogen receptor   0.679 

Positive 25 43  

Negative 5 11  

progesterone receptor   0.101 

Positive 25 36  

Negative 5 18  

Her 2   0.018* 

Positive 3 18  

Negative 27 36  

Data are numbers of cases. Numbers in parentheses are percentages. 
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is one of the most important features of DCIS on mammography, but not all 
DCIS lesions are calcified. Calcium can deposit on both necrotic debris (necrotic 
calcification) and non-necrotic materials, such as secretory or mucinous mate-
rials (non-necrotic calcification) [13] [14]. The sensitivity of mammography for 
detection of non-calcified DCIS has been reported to be about 20%. DCIS may 
also manifest as a mass on mammography in 10% of cases and as architectural 
distortion in 7% - 13% [3] [15] [16]. In the present study, the sensitivity of 
mammography for detection of non-calcified DCIS was 77% (23/30). In a study 
of 909 consecutive DCIS patients, Barreau et al. reported that low-grade DCIS 
was manifested as a mass or an asymmetric density more frequently than 
high-grade DCIS [16]. The presence of microcalcifications, especially those with 
a branching or fine linear morphology, strongly increases the chance of HER-2 
overexpression [17] [18]. Several studies have indicated that HER-2 overexpres-
sion is associated with a relatively worse prognosis and increased rates of recur-
rence than other cancers [19] [20]. Alternatively, poorly differentiated tumors 
more often show central necrosis and rapid growth, resulting in deposition of 
microcalcifications along the ductal structures, and therefore this feature could 
also be a reflection of the more aggressive nature of HER2-positive invasive can-
cers [17]. 

In the present study, 7 of the non-calcified DCIS cases could not be detected 
by mammography, and 6 of these 7 cases occurred in dense breast tissue. Pre-
vious studies have demonstrated that 6% - 23% of DCIS cases overall were 
mammographically occult [3] [7] [8]. The present 7 mammographically occult 
DCIS were detected on MRI and demonstrated non-mass enhancement. There-
fore, MRI could be considered a useful modality for detection and diagnosis of 
non-calcified DCIS in patients found to have dense breast tissues on mammo-
graphy. The periductal stroma associated with DCIS has a higher microvessel 
density than normal breast tissue [21]. Jansen et al. postulated that ductal base-
ment membrane permeability is elevated in the presence of DCIS, due to pro-
tease secretion from cancer cells, leading to an accumulation of gadolinium 
within the duct at the site of DCIS [22]. Consequently, MRI can detect DCIS 
more accurately than mammography, since it may be able to demonstrate 
mammographically occult or non-calcified DCIS. Though MRI has been re-
garded as the most sensitive method for detection of breast cancer, classical 
morphological signs had a limited accuracy in smaller compared to larger lesions 
[23]. It is difficult to diagnose DCIS especially in small cases and sometimes im-
possible to distinguish DCIS from benign lesion or normal parenchyma. To im-
prove diagnostic accuracy and detection of such DCIS cases, high spatial resolu-
tion and high contrast differentiation of tissues on MRI are needed. Parallel im-
aging and multichannel coils are likely to improve spatial resolution and during 
routine diagnosis [23]. In addition, results of some investigators argued that im-
proved diagnostic accuracy is achieved with 3.0T MRI [24] [25] [26]. 

Several authors have analyzed the difference between MRI features and pa-
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thologic grade of DCIS. The MRI appearance of DCIS depends primarily on the 
presence and extent of abnormal periductal or stromal vascularity [27]. Some 
previous studies reported that the type of morphologic enhancement was corre-
lated with histological grade. A few studies reported that the rate of non-mass 
enhancement increased according to nuclear grade and pathological grade [10] 
[28] [29]. Jiang et al. reported that internal enhancement with clumping is sig-
nificantly associated with histological grade and prognosis, while Facius et al. 
and Neubauer et al. reported that segmental granular pattern of enhancement is 
more likely shown in intermediate and high-grade DCIS [30] [31] [32]. Con-
cerning time-intensity curves, Neubauer et al. reported that plateau or washout 
pattern is significantly shown in intermediate and high-grade DCIS [32]. On the 
other hand, some studies have reported no correlation between enhancement 
pattern and nuclear grade of DCIS [9] [33]. The relationship between MRI fea-
tures and pathologic grade remains controversial. 

In our investigation, non-mass enhancement was the most common MRI 
finding in both non-calcified and calcified DCIS and there were no significant 
differences in lesion type or morphological appearance on MRI between non- 
calcified and calcified DCIS. However, we also found that a high nuclear grade, 
presence of necrosis, and positive HER-2 status were significantly more common 
in calcified than in non-calcified DCIS, which means that calcified DCIS has 
more aggressive histological features than non-calcified DCIS. These observa-
tions suggested that MRI findings of calcified DCIS might have features in rela-
tion to histological aggressiveness. The number of patients enrolled in this study 
was too small to draw significant conclusions. Therefore, further studies will be 
needed to confirm the characteristic MRI features of non-calcified and calcified 
DCIS in a large population. 

Histological nuclear grade and presence of comedo necrosis in DCIS are im-
portant prognostic features. ER, PR, and HER-2 status are common biological 
markers in breast cancer. Most DCIS lesions express ER, PR, or both. In general, 
non-comedo carcinomas more frequently show ER positivity [34] [35]. Regard-
ing the role of HER-2 status, immunoreactivity for the HER-2 oncogene has 
been primarily associated with high-grade DCIS [36], which has several implica-
tions for future research relevant to clinical care [18]. 

The present study had several limitations. First, the size of the population, es-
pecially the total number of patients, was relatively small in relation to the vari-
ous parameters evaluated. Second, the retrospective nature of the study probably 
led to selection bias resulting from a difference between the patient population 
and a true screening setting. The selected patients had known disease; each pa-
tient in the cohort had histologically proven DCIS. To improve diagnosis of 
DCIS, however, DCIS that remain undetected or missed clinically and by imag-
ing studies should also be evaluated. Further follow-up imaging study includes 
normal breast examination, some of which could conceivably have DCIS, would 
be needed. Third, we did not follow up the patients analyzed. To clarify the 
prognostic significance of our analysis, follow-up of patients and multifactorial 
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survival analysis will be required. 

5. Conclusion 

There were no significant differences in MRI findings between non-calcified and 
calcified DCIS. Histopathologically, calcified DCIS has more aggressive histo-
logical features than non-calcified DCIS. Recognition of the imaging features of 
non-calcified DCIS might be helpful for improving the diagnosis of DCIS. 
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Abstract 
The interposition of the colon or the small intestine between the liver and the 
diaphragm otherwise called Chilaiditi syndrome remains a rare condition. Its 
incidence varies between 0.025% and 0.28% according to recent literature and 
is only found incidentally on diagnostic imaging. Hence, it constitutes a clas-
sic pitfall in the diagnosis of false right pneumoperitoneum. We deem inter-
esting to report a case of Chilaiditi syndrome in a 44-year-old patient with no 
significant history who was admitted at emergency department for abdominal 
trauma following a road accident. 
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1. Introduction 

Chilaiditi syndrome is a condition characterized by the interposition of colon or 
small intestine between the liver and the diaphragm. It is a condition first de-
scribed in 1865 by Cantini. However, it was only in 1910 that Demetrius Chilai-
diti reported 3 cases of patients with radiological evidence of colonic interposi-
tion between the diaphragm and the liver [1]. Its discovery is most often inci-
dental during chest or abdominal imaging. Chilaiditi sign is typical pitfall in the 
misdiagnosis of right false pneumoperitoneum. Global incidence of the malposi-
tion varies from 0.025% to 0.28% with a clear male predominance [2]. The affec-
tion is more common in the elderly. We hereby report the case of Chilaiditi syn-
drome in a 44-year-old patient with no significant history who presented at the 
emergency department with suspected abdominal trauma following a road acci-
dent. 
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2. Case Report 

Patient, 44 years old with no significant clinical history admitted to emergency 
ward for abdominal trauma following a road accident. Symptoms dated back a 
few hours prior to his admission after patient was involved in a motorcycle colli-
sion with right-side impact on fall. 

Physical examination found a conscious patient, stable vitals with abdominal 
examination revealing right upper quadrant tenderness. 

Lab tests came back unremarkable. 
Plain chest radiograph centered on the diaphragmatic dome revealed a gas 

shadow in the epigastric region (Figure 1). 
Abdominal CT showed a colonic interposition between the liver and the di-

aphragm (Figures 2-4) without pneumatosis in the cavity and segment VI liver 
contusion. 

Management entailed administration of intra venous analgesics and pro-
ton-pump inhibitors with close monitoring of vitals and biological markers. 

Clinical course was uneventful with favorable outcome after conservative 
management. 

3. Discussion 

Chilaiditi syndrome is a rare condition. Globally, its incidence is estimated be-
tween 0.025% to 0.28% with the affection more common in adult males as was 
the case in our patient [2]. 
 

 
Figure 1. Plain radiograph showing gas shadow between liver and diaphragm. 
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Figure 2. Abdominal CT showing colic interposition between liver and anterior abdominal 
wall. 

 

 
Figure 3. Abdominal CT coronal section showing colic interposition between liver and 
diaphragm. 
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Figure 4. Abdominal CT sagittal section showing interposition of colic interposition be-
tween liver and diaphragm. 
 

As per its pathogenesis, it is well established that normal embryological de-
velopment of the liver as well as means of fixation of the intestine prevents in-
terposition of the colon between the diaphragm and the liver. However, in cer-
tain rare anatomical variations, notably hypotrophy of the liver or agenesis of 
the right lobe of the liver, or in the event of elongation of the suspensory liga-
ment of the liver, elongation of the colon (dolichocolon), poor fixation or poor 
position of the colon, congenital pathologies of the small intestine or diaphragm 
with elevation of the right hemidiaphragm (eventration), relaxation or agenesis 
of the suspensory ligament of the mesentery [3] [4] [5] the latter could occur. 
These factors may be present in 6% of patients at birth. On the other hand, in 
adults other factors including cirrhosis [6], chronic constipation, increased ab-
dominal pressure (pregnancy), obesity [7], enlargement of the lower rib cage due 
to chronic obstructive pneumonitis with a large space in which the interposition 
of the colon may occur [1] are also believed to be contributory factors. 

From a pathology standpoint, colonic segments involved in the interposition 
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between the liver and the diaphragm or the abdominal wall are mostly the 
transverse colon, followed by the right colic flexure even though cases involving 
small intestine interposition have also been reported [7]. 

Colonic interposition is often asymptomatic despite relative higher incidence 
of radiological evidence [8]. 

As far as its diagnosis is concerned, interposition of the colon (Chilaiditi sign) 
is defined as the presence of a gas shadow below the right hemidiaphragm on 
plain abdominal X-ray. Positive diagnosis of Chilaiditi syndrome based on im-
aging requires the presence of the following criteria: elevation of the right di-
aphragmatic hemicoupola by the intestine, gas distension of the colon beneath 
the diaphragm, lowering of the upper margin of the liver than the level of the left 
diaphragmatic hemicoupola with no other positional anomalies [9]. 

Differential diagnosis of the syndrome involves mainly pneumoperitoneum 
[10] [11]. In addition, changes in patient positions do not change the location of 
radiological evidence unlike in a patient with free air in the peritoneal cavity. 

4. Conclusion 

Chilaiditi syndrome is a rare pathological entity, discovered incidentally during 
diagnostic imaging and constitutes a major pitfall in the diagnosis of right false 
pneumoperitoneum. 
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Abstract 
Congenital cystic dilatations of the bile duct are rare malformations repre- 
senting 1 per 13,000 births with a female predominance. Diagnosis of this pa-
thology is based on radiological imaging especially radiological investigations 
conducted on an ultrasound coupled with Computed tomography (CT) scan 
and especially a bili-MRI which allows the analysis of the bile duct malforma-
tions and the anomalies of the pancreaticobiliary junction. We will discuss in 
this clinical case the various radiological aspects of cystic dilatations of the bi-
liary duct. 
 
Keywords 
Cystic Dilation, Bile Duct, Radiology, Malformation 

 

1. Introduction 

Congenital cystic dilations of the biliary duct are rare malformations that are 
grouped into several types, depending on the site, shape and distribution of the 
malformation. They represent 1 in 13,000 births [1] and are more frequent in 
Asia with a significant female predominance. Congenital cystic dilations are 
most often diagnosed in childhood as 75% of the cases diagnosed at the age of 10 
years [1]. Radiological imaging plays a very important role in the diagnosis of 
these preoperative anomalies. Thus, through this clinical case, we will discuss the 
various radiological aspects of cystic dilatations of the biliary duct. 

2. Case Report 

A 24-year-old primigest with amenorrhea for 16 weeks was admitted in our hos-
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pital for febrile jaundice. This illness had begun 45 days before her admission 
with the appearance of a cholestatic jaundice associated a right hypochondrium 
pain with no improvement after indulging in self medication. These symptoms 
aggravated 5 days before her admission when she presented fever and chills. This 
prompted the patient to consult our emergency department. 

Physical examination found a conscious patient with a body temperature at 
39.7˚C, tachycardia (120 beats/minute), polypnea (30 cycles/minute), an appar-
ent yellowing of the sclerae and a right hypochondriac region pain. 

Laboratory test revealed the following: elevated White blood cells (18,540/mm3), 
CRP (240 mg/l), cholestasis with total bilirubin = 105 mg/l, and direct bilirubin = 
86 mg/l, GGT = 838 UI/l, PAL = 1057 UI/l. Renal function was impaired with 
elevated serum creatinine = 18 mg/l and blood urea nitrogen = 0.9 g/l. 

The abdominal ultrasound revealed a significant dilation of the common bile 
duct and the intrahepatic bile ducts without a visible obstacle. 

An MRI showed malformed cystic dilation of the intrahepatic bile ducts, the 
right and left hepatic ducts and the common bile duct with its transverse axis 
measuring 10 cm (Figures 1-4). 

The patient was hospitalized in our intensive care unit (ICU) for severe angi-
ocholitis and was put on antibiotics. 

A fetal expulsion occurred 24 hours later. Patient passed away afterwards in a 
setting of septic shock complicating her underlying angiocholitis. 
 

 
Figure 1. Axial section, T1 sequence showing massive dilation of liver bile 
ducts; (a) right (blue) and left (red) (b) common bile duct. 
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Figure 2. T2, axial section showing massive dilation of liver bile ducts; (a) 
right (blue) and left (red) (b) common bile duct. 

 

 
Figure 3. 3D MRCP showing important dilation of bile ducts, right (blue) 
left (red) and common bile duct (purple). 
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Figure 4. 2 weighted sequences, coronal section showing massive dilation 
of the common bile duct (purple) and normal gallbladder (yellow). 

3. Discussion 

Cystic dilatations of the bile duct rare congenital malformations. They are more 
common in Asia with a female predominance [1]. Its frequency is estimated be-
tween 1/100,000 and 1/175,000 births. Diagnosis of this congenital malformation 
is usually made before the age of 10 years. 20% - 50% of cases are discovered in 
adulthood in western countries. 

Many theories have been proposed to explain its origin:  
- In 1969, Babbitt [2] incriminated an anomaly of the pancreaticobiliary junc-

tion found in 57% - 96% of cases, characterized by three criteria:  
• Long hepatopancreatic duct > 15 mm; 
• Extra-duodenal union of the two distal canals which is distant from the 

sphincters; 
• Connection angle > 30˚. 

This anomaly of the-pancreaticobiliary junction is incriminated in:  
- The reflux of pancreatic enzymes into the common bile duct [3] which re-

sults in irritation of its walls that would favor the formation of congenital 
cystic dilatations of the bile ducts,  

- The degeneration of the dilated bile duct segments and the gallbladder. 
Other possible causes have been mentioned: genetic, familial or immune fac-

tors, retroviral infection, functional anomalies of the sphincter of Oddi, conge-
nital weakness of the bile duct wall, anomalies of autonomic innervation, com-
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mon bile duct “hypoganglionosis”, and any other factors responsible for ob-
struction of the main bile duct [3]. 

The clinical symptoms of cystic dilation of the bile tract are based on the clas-
sical triad: pain, jaundice and mass of the right hypochondriac region. This triad 
is more present in children below the age of 10 years and is found in only 10% of 
cases. Some cases are detected during antenatal care. Acute pancreatitis often 
reveals the choledochal cyst. Other revealing complications are lithiasis, which 
can block the common bile duct, cholangitis, Gallbladder perforation with cho-
leperitoneum, biliary cirrhosis, and secondary degeneration of the cystic wall 
which has been reported from the age of 12 years [4]. 

In 1723, Vater described for the first time the dilatations of the biliary tree. In 
1959, Alonso-Lej [5] proposed the first classification of these anomalies. Cur-
rently, the most widely used classification is that of Todani [6], which groups 
these malformations into five types according to their locations, their extent, and 
the type of dilation of the bile ducts. 
- Type I (80% - 90%): Cystic dilatation of the common bile duct. This is the 

most frequent form. There are 3 sub-types:  
• Ia: Dilatation of a part or all of the extrahepatic bile duct with a cystic duct 

originating from the cyst. 
• Ib: Segmental dilation of the common bile duct. 
• Ic: Fusiform dilation of the common bile duct and the common hepatic duct. 
- Type II (3%): Diverticula of the common bile duct. It is a diverticulum that 

comes from the common bile duct or the common hepatic duct. 
- Type III (5%): Choledochocele. This is an intramural dilation of the distal 

part of the common bile duct that protrudes into the second part of the duo-
denum. According to the classification of Sarris and Tsang:  

• Type A: the ampulla opens into the top of the cyst, pours into the duodenum 
via a distinct orifice:  

o A1: common pancreaticobiliary canals, 
o A2: separate canals,  
o A3: small intra-mural choledochocele. 
• Type B: the ampulla directly flows into the duodenum. 
- Type IV (10%): Multiple cystic dilatations. There are 2 types: 
• Type IVa: intrahepatic and extrahepatic dilations of the biliary tree. 
• Type IVb: multiple extrahepatic cysts. 
- Type V (1%): Caroli disease is a rare congenital disease characterized by mul-

tiple sack like dilatations of the intrahepatic bile ducts. It can be bilateral 
sometimes. It can present early complications such as intrahepatic lithiasis, 
and recurrent bacterial cholangitis. It can also have delayed complcations 
such as biliary cirrhosis, portal hypertension and malignant degeneration. It 
may be associated with renal anomalies polycystic kidney disease, Cacchiricci 
disease, congenital hepatic fibrosis. 

The initial diagnosis of cystic bile duct dilation is essentially based on ultra-

https://doi.org/10.4236/ojrad.2017.73019


J. M. Ovungu et al. 
 

 

DOI: 10.4236/ojrad.2017.73019 175 Open Journal of Radiology 
 

sound studies. It is a reliable tool in the evaluation of the importance of the dila-
tion of the biliary tree. It remains the most sensitive and the most specific in the 
search for intracystic calculi. It shows a well-limited thin-walled cystic or fusiform 
formation, containing hyperechoic material corresponding to biliary sludge. 

The CT scan allows good characterization of the lesions and shows an iso or 
hypodense thin walled mass unenhanced by contrast which contains a sludge. 
This mass is located just above the pancreas. The Bili-MRI [7] is the reference 
imaging modality allowing a more defined exploration of bilio-pancreatic tree. It 
shows all the malformations of the biliary tree allowing the differential diagnosis 
with an obstructive pathology and is very useful in the detection of bi-
lio-pancreatic anomalies. It allows us to suspect a malignant degeneration by 
showing: a endoluminal polypoid tumor or an irregular thickened cystic wall. It 
shows lesions in the form of a regular, well-defined mass of variable size in con-
tinuity with the main bile duct with a hypo-intense liquid T1 signal, hyper in-
tense T2 sgnal, and unenhanced after injecting a contrast agent. 

The surgical treatment consists of a complete resection of the cyst with a 
Roux-en-Yhepatico-jejunal anastomosis [5]. 

Choledochocele may be treated with endoscopic sphincterotomy or surgical 
excision. 

4. Conclusion 

Cystic dilatations of the bile duct are rare malformations. Radiological imaging 
plays an essential role in diagnosing this affection, especially a Bili-MRI which 
allows an accurate biliary imaging. Surgery is the main treatment method for 
this affection, though endoscopy can sometimes be performed. 
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Abstract 
Background: Intrahepatic recurrence of hepatocellular carcinoma (HCC) is 
frequently noted in patients after hepatectomy of HCC. Recurrence HCC is 
usually diagnosed as small nodule ≤ 2 cm in diameter due to the frequent 
postoperative check up with US, dynamic CT, or dynamic EOB-MRI. Radio-
frequency ablation (RFA) is recommended for these small HCCs, because 
RFA is minimally invasive, effective, and repeatedly performed. Purpose: To 
investigate the long-term outcome and prognostic factors of RFA in recurrent 
HCC after heaptectomy. Material and Methods: Between February 2002 and 
October 2011, 75 patients with initial intrahepatic recurrence of HCC after 
hepatectomy underwent RFA. The 57 patients were men and 18 women, 
whose age ranged from 44 years to 83 years (median, 69 years). Sixty-nine pa-
tients had a single nodule and 6 patients had two nodules. The size of the 81 
nodules ranged 5 - 30 mm (median, 15 mm). Regular follow-up after RFA was 
performed to evaluate rates of local tumor progression, overall survival rates, 
and disease-free survival rates. Prognostic factors related to overall survivals 
and disease-free survivals were evaluated, too. Results: During follow-up pe-
riods after RFA (3 to 151 months, median, 55 months), local recurrence was 
noted in 10 nodules of 10 patients (10/81 nodules = 12.3%). The rates of local 
recurrence of 1-yr, 3-yr, 5-yr, and 8-yr were 7.6%, 12.0%, 12.0%, and 12.0%, 
respectively. During the follow-up periods, 36 patients were alive and 39 died. 
The cumulative overall survival rates of 1-yr, 3-yr, 5-yr, and 10-yr were 97.3%, 
79.1%, 56.6%, and 32.2%, respectively. The cumulative disease-free survival 
rates of 1-yr, 3-yr, and 5-yr were 42.7%, 18.8%, and 12.6%, respectively. 
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Child-Pugh Class (A or B) before RFA for a recurrent HCC was a significant 
prognostic predictor of overall survival rates (p = 0.007), and Child-Pugh class 
(A or B) before hepatectomy was that of disease-free survival rates (p = 0.004). 
Conclusion: RFA was an effective, useful therapeutic option for treatment of 
recurrent HCC after hepatectomy. Child-Pugh Class (A or B) before RFA was 
a significant prognostic predictor of long-term survival, and Child-Pugh class 
(A or B) before hepatectomy was a significant prognostic predictor of dis-
ease-free survival. 
 

Keywords 
Hepatocellular Carcinoma (HCC), Recurrent HCC, Radiofrequency Ablation 
(RFA) 

 

1. Introduction 

Hepatectomy is an established curative treatment for hepatocellular carcinoma 
(HCC), and now performed worldwide [1]. However, intrahepatic recurrence 
of HCC is frequently noted in patients after hepatectomy of HCC. The inci-
dence of intrahepatic recurrence has been reported to be as high as 70% at 5 
years after hepatectomy [2] [3]. The treatment options for intrahepatic recur-
rent HCC are various, including repeated hepatectomy, radiofrequency abla-
tion (RFA), or transcatheter chemoembolization (TACE) [4] [5] [6]. Indeed, 
the treatment algorithm for recurrent HCC varies from center to center. Al-
though repeated hepatectomy would be a curative treatment [3], most patients 
might not be candidates for hepatectomy because of the small remnant liver or 
inadequate hepatic function. RFA is an effective treatment for small HCC ≤ 3 
cm, whose results are comparable to those of hepatectomy. There are a num-
ber of studies describing the effectiveness of RFA for recurrent HCC after he-
patectomy [4] [5] [7] [8] [9]. 

In our hospital, surgeons and radiologists had consequence that RFA was a 
first-line treatment for the initial intrahepatic recurrence of small HCC ≤ 3 
cm after hepatectomy, because of the good local control and low invasive-
ness. The purpose of this study was to retrospectively evaluate the effective-
ness of RFA for the treatment of intrahepatic recurrent HCC after hepa-
tectomy. 

2. Materials and Methods 

The institutional review board approved this retrospective study, and written 
informed waved (E-2127). 

Between February 2002 and October 2011, 75 patients who underwent hepa-
tectomy for HCC at our department of surgery and developed initial intrahepat-
ic recurrence during postoperative follow-up periods, were referred to depart-
ment of radiology for RFA. Our criteria for percutaneous RFA included: 1) no-
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dular size ≤ 3 cm in diameter, 2) number of nodules ≤ 3, 3) absence of tumor 
thrombus in the portal vein, 4) absence of extrahepatic metastasis, 5) Child-Pugh 
class A or B, 6) prothrombintime ratio ≥ 50%, 7) platelet counts ≥ 50,000 
cell/mm3, 8) depicted nodules with ultrasound (US). 

The baseline characteristics of the 75 patients were shown in Table 1. Of the 
75 patients, 57 were men and 18 women, whose age ranged from 44 years to 83 
years (median, 69 years, mean, 68 years). 69 patients (92.0%) had a solitary no-
dule and 6 patients (8.0%) had two nodules. The size of total 81 nodules ranged 
5 - 30 mm (median, 15 mm). Of 81 nodules, 69 nodules (85.2%) were <2 cm in 
diameter and 12 nodules (14.8%) were ≥2 cm. Of the 75 patients, 69 patients 
were classified into Child-Pugh A and eight patients into Child-Pugh B before 
RFA. Although most patients were believed to be candidates for repeat hepa-
tectomy, surgeons and radiologists in our hospital had consequence that RFA is 
a first-line treatment for an initial recurrent HCC. 

The diagnosis of recurrent HCC was made on the basis of imaging findings: 
newly presenting tumors at follow-up dynamic multi-detector CT, or dynamic 
EOB-MRI, and abdominal US after hepatectomy, and characteristic enhance-
ment patterns on the early phase of dynamic multi-detector CT, dynamic 
EOB-MRI [10], or contrast enhanced US using perfluorocarbon microbubbles 
(Sonazoid, Daiichi-Sankyo, Tokyo, Japan) [11] in 77 nodules, and confirmed by 
percutaneous needle biopsy in 4 nodules. Intrahepatic recurrent HCC were di-
agnosed from 3 to 150 months after hepatectomy (mean, 28.9 months; median, 
19.5 months). 
 
Table 1. Patients’ background and tumor characteristics. 

Demographic characteristic Value 

No. of patients 75 

Age (y), mean ± SD 68.0 ± 9.0 

<70 39 

≥70 36 

Gender 
 

Male 57 

Female 18 

Cause of liver cirrhosis 
 

Hepatitis C virus 44 

Other 31 

Clinical characteristics at the time of initial hepatectomy 
 

Child-Pugh class 
 

A 73 

B 1 

Maximum tumor diameter(cm) 
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Continued 

<5 46 

≥5 14 

Tumor number 
 

Single 61 

Multiple 1 

Hepatectomy type 
 

≤Lobectomy 69 

>Lobectomy 6 

Microvascular invasion 
 

Positive 21 

Negative 41 

Degree of differentiation 
 

Well or moderate 43 

Poorly 15 

AFP level (ng/mL) 
 

<100 53 

≥100 15 

PIVKA-2 level (ng/mL) 
 

<100 22 

≥100 32 

Clinical characteristics before RFA 
 

Child-Pugh class 
 

A 67 

B 8 

Maximum tumor diameter (mm) 
 

<20 69 

≥20 12 

AFP level (ng/ml) 
 

<100 60 

≥100 13 

PIVKA-2 level (ng/mL) 
 

<100 55 

≥100 18 

recurrence interval after hepatectomy (y) 
 

<1 20 

≥1 55 
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2.1. RFA Procedures 

An internally cooled electrode system (Cool-tip RF Ablation System, Covidien, 
MA) [12] was used for 69 patients. This system consists of a 480-kHz generator; 
a 20- or 15-cm-long, 17-gauge cooled-tip radiofrequency electrode with a 2- to 
3-cm-long exposed metallic tip; and a dispersive pad applied to the patient’s 
skin. Grounding was achieved by attaching a dispersive pad to each of the pa-
tient’s thighs. RF 2000 system (Radio Therapeutics Corporation, Mountain 
View, CA, USA) [12] was used for 6 patients. This system consists of a 460-kHz 
generator; a LeVeen 15-gauge monopolar array electrode with 8 or 10 expanda-
ble electrode tines with 2- or 3-cm diameter; and a dispersive pad applied to the 
patient’s skin. Grounding was achieved by attaching a dispersive pad to each of 
the patient’s thighs. Three authors (K.S., T.S., and R.I.), who have 8, 29, and 10 
years of experience each in interventional radiology, performed RFA under US 
guidance. 54 nodules were treated under guidance of B-mode US, and 27 no-
dules treated under guidance of Sonazoid-CE-US [11]. 

On contrast harmonic sonography using Sonazoid (Sonazoid-CEUS), early 
vascular imaging which can show the perfusion features of the microvascular 
bed of the liver parenchyma and tumor, and late liver parenchymal imaging 
(Kupffer imaging) can be obtained. After Sonazoid-CEUS was performed, a ra-
diofrequency electrode was introduced into a HCC nodule under guidance of 
Kupffer imaging. 

Combined RFA and TACE [13] [14] were performed in 22 nodules of 21 pa-
tients. First TACE was performed: introducing a microcatheter into a feeding 
hepatic artery segmentally or sub-segmentally after diagnostic celiac and supe-
rior mesenteric arteriography. Then, emulsion of 20 - 40 mg doxorubicin (Epi-
rubicin, Tokyo) and 2 - 4 ml Lipiodol (iodized-oil, Tokyo) was injected via the 
microcatheter followed by injection of gelatin particles (Gelfoam or Gelpart, 
Tokyo). Then, RFA was performed within 1 week later. 

2.2. Follow-Up 

Dynamic CT was performed within a week after RFA to evaluate therapeutic ef-
fectiveness [15]. Residual unablated lesions were defined as irregular peripher-
al-enhancing foci in the ablation zones. The residual unablated lesions were 
treated with additional RFA. When a non-enhancing area larger than the nodule 
was noted at post-treatment dynamic CT, we diagnosed the therapeutic efficacy 
as complete. 

The patients were followed up in the clinic at 2- or 3-month intervals. At each 
follow-up visit, blood tests, including those to measure levels of serum a-feto- 
protein and prothrombin induced by vitamin K absence or agonist II (PIVKA- 
II), were performed. Dynamic CT or dynamic EOB-MRI was performed at 3- 
month intervals. Local recurrence was defined as a newly appearing enhancing 
lesion in or near the treated nodule [15]. The occurrence of new lesions in the 
liver was also evaluated with follow-up dynamic CT or dynamic EOB-MRI. Two 
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authors (M.K. and T.K.) assessed these findings. Local recurrence or occurrence 
of new lesions in the liver was treated with RFA, TACE, or hepatic resection. 
RFA was performed when three or fewer nodules 3 cm or less in diameter were 
detected, and TACE was performed if the largest nodule detected was larger than 
3 cm or when there were more than three nodules, regardless of their size. 

2.3. Evaluation 

Overall survivals were defined as the interval between the first RFA and the 
death or the last visit to the outpatient clinic until May 2015. Local recurrence 
rates were defined as the interval between the first RFA and diagnosis of local 
recurrence, the last visit to the outpatient clinic, or the death until May 2015. 
Event-free survival rates were defined as the interval between the first RFA and 
diagnosis of local recurrence or occurrence of new HCC in the liver, distant me-
tastasis, the last visit to the outpatient clinic, or the death until May 2015. The 
follow-up periods after RFA for recurrent HCC ranged 3 month to 151 months 
(median, 55 months, mean, 58.9 months). 

The prognostic factors of the baseline characteristics before RFA included pa-
tient age (≥70 years or <70 years), gender, Child-Pugh classes (A or B), serum 
AFP level (>100 ng/mL or <100 ng/mL), PIVKA-2 (>100 ng/mL or <100 
ng/mL), nodular size, ablated margin (<5 mm or ≥5 mm), combined TACE or 
not, local recurrence (present or absent) were assessed with the Cox propor-
tional hazard models. We also evaluated the prognostic factors of the clini-
co-patho- logic variables related to hepatectomy. These were Child-Pugh 
classes (A or B), serum AFP level (≥100 ng/mL or <100 ng/mL), PIVKA-II 
(≥100 ng/mL or <100 ng/mL), and resected tumor size (≥5 cm or <5 cm) be-
fore hepatectomy. The factors during and after hepatectomy included positive 
microvascular invasion or negative, degree of the differentiation of HCC 
(poorly or moderate/well-differentiated), and recurrence interval after hepa-
tectomy (≥1 year or <1 year). These were assessed by using the Cox propor-
tional hazard models. 

2.4. Statistical Analysis 

SPSS was used. A P value < 0.05 was considered to indicate a significant differ-
ence. Data processing and analysis were performed with commercially available 
software (SPSS for Windows, version 13.0; SPSS, Chicago, IL, USA). 

3. Results 

A total of 81 RFA sessions were performed for 81 HCC nodules of 75 patients. 
Of 81 nodules, 78 were completely ablated with an initial RFA session (Figure 
1): primary therapeutic effectiveness, 96.3% (78/81 nodules). In the other three 
nodules, the second RFA session was added for the residual enhanced foci and 
complete therapeutic effectiveness was obtained. In all the 81 nodules secondary 
effectiveness was 100% (81/81 nodules). Of the 81 nodules, 61 nodules (75.3%)  
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(a)                                                          (b) 

 
(c)                                                          (d) 

 
(e) 

Figure 1. 75-year-old man with HCV-cirrhosis, who had undergone central bisegmentectomy 1.5 year ago, developed a recurrent 
HCC. (a) Early-phase dynamic EOB-MRI shows an enhanced nodule sized 1.7 cm in segment 7. (b) Hepatobiliary phase at dy-
namic EOB-MRI shows a low intense nodule in segment 7. (c) The nodule was invisible with B-mode US, but vascular imaging of 
Sonazoid-CEUS depicted a highechoic nodule (an arrow). (d) The nodule was noted as low echoic, and RFA was performed under 
Kupffer imaging. (e) Dynamic CT obtained 3days after RFA showed a low dense area larger than the recurrent nodule. The nodule 
was completely ablated. 
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had the circumferential ablative margin with >5 mm (ideal circumferential abla-
tive margin) and in 20 nodules (24.7%) the circumferential ablative margin was <5 
mm. 

During follow-up periods after RFA (3 to 151 months, median, 55 months), 
local recurrence was noted in 10 nodules of 10 patients (10/81 nodules = 12.3%). 
The rates of local recurrence were 1-yr, 3-yr, 5-yr, and 8-yr were 7.6%, 12.0%, 
12.0%, and 12.0%, respectively. During the follow-up periods, 36 patients were 
alive and 39 died. The cumulative overall survival rates of 1-yr, 3-yr, 5-yr, and 
10-yr were 97.3%, 79.1%, 56.6%, and 32.2%, respectively (Figure 2). The median 
survival time was 55 months. Of the 75 patients, 66 patients developed new HCC 
in the liver, lung metastasis in 5 patients, bone metastasis in 3 patients, lymph 
node metastasis in 2 patients. Nine patients were no recurrent HCC in the liver 
or no distant metastasis. The cumulative disease-free survival rates of 1-yr, 3-yr, 
and 5-yr were 42.7%, 15.8%, and 12.6%, respectively (Figure 3). The median 
disease-free survival time was 12.3 months. There were significant differences 
among the subgroups divided by the Child-Pugh class (A or B) before RFA (p = 
0.007) as to overall survival rates, and the subgroups divided by the Child-Pugh 
class (A or B) in clinico-pathologic variables related to hepatectomy as to dis-
ease-free survival rates (p = 0.004) (Table 2). There were no significant differ-
ences among the subgroups that were divided by other variables. 

4. Discussion 

Current imaging modalities, including dynamic multi-detector CT, dynamic EOB- 
MRI, or Sonazoid-contrast-enhanced US have high sensitivity for diagnosing  
 

 
Figure 2. Graphs shows overall survival rates in patients with recurrent HCC nodules 
treated with RFA (n = 75). The overall survival rates of 1-yr, 3-yr, 5-yr, and 10-yr were 
97.3%, 79.1%, 56.6%, and 32.2%, respectively. 
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Figure 3. Graphs shows disease-free survival rates in patients with recurrent HCC no-
dules treated with RFA (n = 75). The disease-free survival rates of 1-yr, 3-yr, and 5-yr 
were 42.7%, 15.8%, and 12.6%, respectively. 
 

Table 2. Prognostic factors of overall survival rate and disease-free survival rates. 

Overall survival rate Disease-free survival rates 

The baseline characteristics before RFA P value The baseline characteristics before RFA P value 

Age, younger (<70): older (≥70) NS (0.748) Age, younger (<70): older (≥70) NS (0.233) 

Gender, male: female NS (0.843) Gender, male: female NS (0.650) 

Child-Pugh, Class A: Class B 0.007 Child-Pugh, Class A: Class B NS (0.163) 

Serum AFP level, <100 ng/mL: ≥100 ng/mL NS (0.551) Serum AFP level, <100 ng/mL: ≥100 ng/mL NS (0.390) 

Serum PIVKA-2 level, <100 ng/mL: ≥100 ng/mL NS (0.092) Serum PIVKA-2 level, <100 ng/mL: ≥100 ng/mL NS (0.088) 

The clinic-pathologic characteristics related to RFA  The clinic-pathologic characteristics related to RFA  

Tumor size, <20 mm: ≥20 mm NS (0.962) Tumor size, <20 mm: ≥20 mm NS (0.640) 

Ablated margin, <5 mm: ≥5 mm NS (0.087) Ablated margin, <5 mm: ≥5 mm NS (0.616) 

RFA alone: combined RFA and TACE NS (0.097) RFA alone: Combined RFA and TACE NS (0.950) 

Local recurrence NS (0.92) Local recurrence NS (0.071) 

The characteristics before hepatectomy  The characteristics before hepatectomy  

Child-Pugh, Class A: Class B NS (0.286) Child-Pugh, Class A: Class B 0.004 

Serum AFP level, <100 ng/mL: ≥100 ng/mL NS (0.704) Serum AFP level, <100 ng/mL: ≥100 ng/mL NS (0.348) 

Serum PIVKA-2 level, <100 ng/mL: ≥100 ng/mL NS (0.775) Serum PIVKA-2 level, <100 ng/mL: ≥100 ng/mL NS (0.235) 

Resected tumor size, <5 cm: ≥5 cm NS (0.950) Resected tumor size, <5 cm: ≥5 cm NS (0.879) 

The characteristics after hepatectomy  The characteristics after hepatectomy  

Microvascular invasion, positive: negative NS (0.097) Microvascular invasion, positive: negative NS (0.521) 

Differentiation, poorly: moderate/well NS (0.852) Differentiation, poorly: moderate/well NS (0.743) 

Recurrence interval, <1 year: ≥1 year NS (0.468) Recurrence interval, <1 year: ≥1 year NS (0.227) 
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HCC [16] [17] [18]. Especially patients with prior hepatectomy for HCC are 
high-risk groups of occurring HCC in the remaining liver [3] [4] [5]. In our 
study, postoperative follow-up dynamic CT or dynamic EOB-MRI was fre-
quently performed at 3-month intervals in all patients. So early diagnosis of re-
current HCC could be performed. The size of the 81 recurrent HCCs ranged 5 - 
30 mm (median, 15 mm), and 69 of 81 nodules (85.2%) were ≤2 cm in diameter. 

For treatment of native HCC ≤ 2 cm in diameter, overall survival rates of pa-
tients treated with RFA are comparable to those of hepatectomy [19] [20]. There 
have been some reports comparing the outcomes of repeated hepatectomy and 
RFA for recurrent HCC after hepatectomy [21] [22] [23] [24]. Chan AC et al. 
[21] compared the efficacy of salvage liver transplantation, repeated hepatic re-
section and RFA in the treatment of intrahepatic HCC recurrence after hepa-
tectomy; salvage liver transplantation and repeated hepatic resection showed 
comparable survival outcomes, but both treatments were significantly better 
survival outcomes than RFA. However, Song KD et al. [22] described that RFA 
and repeated hepatectomy attained similar survival benefits in the management 
of recurrent HCC after hepatectomy. They compared the long-term outcomes of 
repeated hepatic resection and RFA for recurrent HCC by using propensity 
score matching. They showed that the overall survival rates at 1, 3, 5, and 8 years 
were 98.7%, 85.7%, 72.1%, and 68.6%, respectively, and the disease-free survival 
rates at 1, 3, and 5 years were 71.8%, 45.1%, and 39.4% in the RFA group. No 
statistical differences of overall survivals and disease-free survivals were noted 
between RFA and repeated hepatectomy groups. 

However, the repeated hepatectomy would be technically more difficult, be-
cause of intra-abdominal adhesions caused by previous hepatic resections as well 
as new growth of intrahepatic vascular structures after previous hepatic resec-
tion, and there is a potential risk of postoperative hepatic failure after repeated 
hepatic resection in patients with limited hepatic function reserve [22]. On the 
other hand, RFA can be repeatedly performed for local recurrence after both 
RFA and new HCC appeared in the remaining liver. Moreover, RFA is less mor-
bidity and mortality than hepatectomy. So, in our study RFA has been per-
formed as a first-line treatment for the initial intrahepatic recurrence after hepa-
tectomy, although most of the 75 patients would undergo repeated hepatectomy 
because of the good hepatic reserve. Our results of the cumulative overall surviv-
als: 1-yr, 3-yr, 5-yr, and 10-yr, 97.3%, 79.1%, 56.6%, and 32.2% and disease-free 
survivals: 1-yr, 3-yr, and 10-yr, 42.7%, 15.8%, and 12.6%, respectively were 
comparable to those of the previous reports. 

In two studies, long-term survival of patients with native HCC treated with 
percutaneous RFA as a first-line treatment depended upon the Child-Pugh class, 
serum AFP level, tumor size, and multiplicity of tumors [25] [26]. In the study of 
Choi D, et al. [15], high serum AFP level before RFA and resected tumor size at 
initial hepatectomy were independent significant predictive factors of long-term 
survival in patients with recurrent HCC after hepatectomy. Lu et al. [8] reported 
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that the pre-ablation serum AFP level was the only prognostic predictor, and 
recurrence intervals after hepatectomy and tumor staging were not related to 
survival. In our study, a prognostic factor affected to overall survivals was 
Child-Pugh classification (Child A or B) before RFA and that affected to 
event-free-survivals was Child-Pugh classification (Child A or B) before hepa-
tectomy. Other factors, such as the gender and age etc. did not influence the 
prognosis. 

Takaki et al. [26] showed that a single tumor at the time of initial hepatectomy 
and a low a-fetoprotein level (≤100 ng/mL) at recurrence were significantly fa-
vorable independent factors affecting overall and recurrence-free survival. Choi 
et al. [15] described a lower serum AFP level (≤100 ng/mL) before RFA or with 
small resected tumors (≤5 cm) demonstrated better survival results [15]. In our 
study the most patients had small (median, 15 mm), single recurrent tumor, so 
tumor size and multiplicity of tumors would not be included into prognostic 
factors. 

This study has several important limitations. First, this was a single-arm re-
trospective study. RFA was not performed for HCC nodules undetected at US. 
Moreover we should compare the outcomes between RFA and repeated hepa-
tectomy. 

5. Conclusion 

In conclusion, RFA was an effective, useful therapeutic option for treatment of 
recurrent HCC after hepatectomy. Child-Pugh Class (A or B) before RFA and 
Child-Pugh classification (Child A or B) in clinico-pathologic variables related 
to hepatectomy were significant prognostic predictors of long-term survival. The 
use of RFA was recommended for the treatment of recurrent tumors after he-
patic resection. 
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Abstract 
Human African Trypanosomiasis (HAT) or sleeping thickness is a forest and 
rural disease; where agriculture is the main activity. It is a chronic and lethal 
disease without treatment. HAT is caused by two parasites; Trypanosoma 
Brucei Gambiense (gTB) and Trypanosoma Brucei Rhodesiense (rTB) trans-
mitted to humans by the tsetse fly. It is endemic condition in Africa between 
the 15˚ north latitude and the 20˚ south latitude. It is reported outside this 
area in travelers who stayed in endemic zone. Infection by gTB is wider and 
more frequent (98%) than that by rTB (2%). The Democratic Republic of 
Congo is the most affected country with more than 75% of reported cases. The 
geographical distribution is not homogeneous. There are more affected re-
gions in a zone called “foci” which represents areas favorable to the develop-
ment of the vector. Its diagnosis and treatment are very important because of 
its social and economic impact at both the individual and community levels. 
Promising molecules including fexinidazole are currently undergoing testing. 
Nowadays populations move more and more easily but the discovery of this 
disease in daily neuroradiological practice is exceptional. We propose in this 
paper through two observations, reminders on epidemiological, clinical and 
MRI features of HAT. It typically performs the edematous, bilateral and dif-
fuse encephalitis. It is important to distinguish these aspects from the arsen-
ic-induced encephalitis that may occur during treatment. Only vector control 
allows eradicating this disease. WHO has set targets elimination of HAT as a 
public health problem for 2020 deadline. 
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1. Introduction 

Human African Trypanosomiasis (HAT) is an anthropozoonosis disease due to 
two flagellated protozoan species; Trypanosoma Brucei Gambiense (gTB) and 
Trypanosoma Brucei Rhodesiense (rTB) transmitted to humans by the tsetse 
flies or glossina. It is an endemic condition between the 15˚ north latitude and 
the 20˚ south latitude, a favorable area to development of the vector. So it is en-
demic in Central, Eastern and Western Africa. It’s a lethal condition without 
treatment. To date there is not effective preventive therapy. 

Only anti-vector control can eradicate the disease. Under control in the 1960s, 
it re-emerged in the mid of 1990s. Government, non-governmental and WHO 
programs are working together to eradicate it. Diagnostic techniques have been 
improved significantly (PCR) but remain expensive in our regions where na-
tional health programs are sometimes faulty and difficult to use on a large scale. 
The detection of serum IgM by CATT and the search for trypanosome in the 
CSF are the most commonly used techniques. Treatment is currently based on 
protocols combining pentamidine, effornithin, nifurtimox and melarsoprol. 

Its features in MR imaging are poorly reported in endemic areas. People move 
better than the past and cities have a higher technical medical level than rural 
areas. We illustrate through these two observation reminders on epidemiological, 
clinical, MRI features and the treatment of this condition. 

2. Case Presentation 
2.1. Observation 1 

2.1.1. Clinical Features 
Ms OH C 40 years was addressed in MRI for headache associated with alertness 
disorder. Nocturnal insomnia and diurnal somnolence, left hemiparesis and 
extrapyramidal syndrome were noted and a slight fever. Brain CT showed dif-
fuse hypodensity on the central gray nuclei without significant contrast en-
hancement. MRI was performed on a high-field device 1.5 T siemens in the 3 
planes with T1 SE, T2 SE, T2 FLAIR, T2* and T1 gadolinium sequences. 

2.1.2. Biochemical Examinations 
The biological examinations showed a biological inflammatory syndrome with 
elevation of CRP without abnormality on the blood. Serum IgM testing by 
CATT showed positivity; the lumbar puncture detected trypanosomes in the 
CSF. 

2.1.3. MRI Fearures 
MRI showed predominant vasogenic cerebral edema on the gray nuclei and the 
right semi-oval center. Small focus of cytotoxic edema on the right internal cap-
sule. Achievement of the thickened and hypersignal right optical strip. Minimal 
contrast. Discreet mass effect on the right lateral ventricle dispite the extending 
edema (Figures 1-3). 
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Figure 1. MRI axial section T2 FLAIR on (a), and a T1 weighted after gadolinium on (b). Extended edema on the bas-
al ganglia and the white matter predominantly on the right side (star (a)). Moderate mass effect on the right lateral 
ventricle (arrow in (a)) despite the extended edema. Very slight contrast enhancement in the posterior arm of the in-
ternal capsula (arrow( b)). 
 

 
Figure 2. MRI axial section weighted T2 FLAIR in (a) and (b) showing the vasogenic edema extending upwards on 
the internal temporal region (thin arrow on (a)), the frontal white matter (star on (b)), the peduncle (thick arrow on 
(a)) and the right optic tract (arrow head in (a)). 
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Figure 3. MRI axial section diffusion weighted B1000 on (a) showing a focus restriction area hyperintense on the 
posterior arm of the internal capsula (arrow). Restriction on the ADC map on (b) hyposignal (arrow in (b)). Vaso-
genic edema predominates elsewhere in the basal ganglia and the white matter (star on (a) and (b)). 

2.1.4. Evidence Diagnostic 
Meningo encephalitis stage of HAT. 

2.1.5. Treatment 
The treatment was admistered in the trypanosomiasis specialized center and was 
based on pentamidine 200 mg/day intramuscular injection associated with ar-
sobal 180 mg/day, dexamethasone 24 mg/day and ampicillin 4000 g/day. Ad-
ministration of serum glucose 1.5 to 2 L/day with addition of NaCl, KCl and 
multivitamin complex. 

2.2. Observation 2 
2.2.1. Clinical Features 
Mr M K, 45 years old, chronic ethyl soil, was admitted to the emergency room 
for alteration of consciousness associated with a tremor. Fever was not noted. 
Abnormal somnolence has proceeded about a month. MRI scan was done using 
the same protocole. 

2.2.2. Biochemical Examination 
They had shown an inflammatory syndrome with elevated CRP, a slight micro-
cytosis without anemia and a slight neutrocytosis. Detection of serum IgM an-
ti-trypanosomes by CATT and the search for trypanosomes on the CSF was pos-
itive. 

The lumbar puncture showed hyperproteinorachia, hypoglycorachia and 
hyperchlorurorachia. 
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2.2.3. MRI Features 
MRI showed bilateral vasogenic diffuse edema on the gray nuclei, semi-oval 
centers, protuberance and cerebral peduncle. Reaching of the right optical tract 
was noted. Little mass effect. No haemorrhage or significant contrast enhance-
ment were noted (Figure 4 and Figure 5). 

 

 
Figure 4. MRI axial sections T2 weighted ((a) and (b)) showing a diffuse edema of the white matter of the semi-oval centers and 
the basal ganglia (star (b)) without any significant contrast enhancement in the T1 weighted axial section on (c). 
 

 
Figure 5. MRI T2 weighted axial section on (a) and (b) showing the extended edema to the brain stem (stars) and 
reaching the right optic tract (arrow (b)). 
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2.2.4. Evidence Diagnostic 
Encephalitic stage of HAT. 

2.2.5. Treatment 
The same protocole was performed at the trypanosomiasis specialized center. 

3. Commentary 
3.1. HAT Epidemiology 

HAT is endemic in 36 countries in sub-Saharan Africa corresponding to an ex-
posure of 50 to 60 million inhabitants. Tropical disease once neglected, it now 
forms part of the WHO roadmap for diseases to be eradicated by 2020 as a pub-
lic health problem. In 2012 the number of new cases registered was less than 
8000 [1] [2] [3]. gTB is prevalent in Western and Central Africa while rTB is 
prevalent in Eastern and Southern Africa. This condition occurs in areas of high 
vegetation which maintains moisture, temperature and luminosity favorable to 
the development of its vector, the tsetse fly or glossina. The difficult access to 
rural areas and the urbanization of cities make this disease an exceptional dis-
covery in current neuroradiological practice. People are moving now better than 
the past. Its features in imaging, particularly in high field MRI must be known in 
order to launch the etiological investigation as quickly as possible. 

3.1.1. What Are the Clinical Features of HAT? 
Natural history of HAT is classically divided into 3 phases. The inoculation stage 
induced by the bite of the tsetse fly causes a local inflammatory reaction called 
trypanoma. It leads to focal induration with erythema, local elevation of tem- 
perature and hyperaesthesia. After regression about 3 weeks, it leaves a hyper-
pigmented scar that can last several years. 

The haemolymphatic stage is characterized by the importance of general signs 
with fever, lymphadenopathy, generalized pruritus, rash, edema, anemia, cardio- 
vascular and endocrine disorders, renal involvement and infections. Mainly, 
pulmonary infection can cause death. 

The encephalic stage is characterized by disorders of alertness, sleep disorder 
with diurnal somnolence and night insomnia, leading to permanent hypersom-
nia and coma, which are the main characteristic of this HAT. This desease is also 
called “sleeping sickness”. Other abnormalities of the nervous system are also 
noted; motor and tonus disorders, modification of archaic osteo-tendinous and 
cutaneous reflexes, sensory disturbances with cutaneous and deep hyperaesthe-
sia, psychiatric disorders, electrogenesis disorders [2] [4] [5]. 

3.1.2. Patho-Physiology and Imaging Aspects of HAT 
The parasite gets into the nervous system through the leptomeninge, reaching 
the sub-arachnoid space where it becomes detectable in the CSF. It finaly gets in 
the brain tissue through the Virchow-Robin spaces [6]. It induces a perivascular 
inflammatory reaction. If CT is normal at this stage, MRI may show meningeal 
or parenchymal abnormalities. In addition, MRI can differentiate between the lesion 
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induced by the parasite and that due to melarsopol induced-encephalitis. Arsenical 
derivative forming part of the therapeutic arsenal of encephalitic form [2] [6]. 

The HAT performs focal lesions, typically bilateral and quite symmetrical, on 
the grey nuclei, the cerebellum and the splenium of the corpus callosum [5] [6]. 
Later, diffuse hyperintensity is observed on the internal capsula, the external and 
extreme capsula associated with an attack of the cortex and deep grey nuclei. 
These aspects were noted in our two patients but without involvement of the 
cortex or the corpus callosum. The involvement of the optical pathways and the 
brainstem seems to be caracteristical (Figure 1 and Figure 2). In the case re-
ported by Sabbah there was a meningeal or medium cerebellar peduncle lesion 
initially. There is no gadolinium enhancement. In our patients, signal of the le-
sions was predominantly a vasogenic edematous type; hyposignal T1, hypersig-
nal T2, without zone of significant restriction. In the patient of the observation 
1, the small restriction zone on the posterior arm of the internal capsula ex-
plained the partial deficit clinically described. It’s a singular remark that there 
was no focus haemorrhage. 

Through our two observations and the cases reported in the literature, the 
typical aspects of HAT result in bilateral and quasi-symmetrical vasogenic ede-
ma involving the basal ganglia, the white matter, the brainstem. There is no sig-
nificant contrast enhancement or mass effect despite the extending edema. 
Reaching of the visual pathway, the optic tract particularly seems characteristic 
in our 2 observations (Figure 2(a) and Figure 5(b)). We have not found in the 
rewiew of the litterature involvement of the optic tract in patient suffering from 
HAT. However in the case reported by Gill et al. involvement of the optic radia-
tion have been discribed [6] [7] [8]. 

These topographic and signal features of the HAT make possible to evoke the 
diagnosis before launching aetilogical research. MRI also make possible to dis-
tinguish lesions due to HAT from an arsenical encephalitis induced by melarso-
prol administered during the treatment. It is a serious complication since it is 
fatal to 5% and whose survival is burdened with heavy sequelae. Checkley et al. 
reported a case of survival at the cost of a locked-in syndrome. Arsenical ence-
phalitis typically results in haemorrhagic lesions with severe edema [5] [7] [9]. 

3.2. Anatomopathological Aspects 

Lesions of HAT correspond to a perivascular sleeve made of lymphocytes both 
in the parenchyma and in the arachnoid. The vessels are surrounded by demye-
lination foci and axonal damage in which microglial cells and gemocytes are 
found. These lesions predominate in the white matter and without any focus 
haemorrage [5]. 

3.3. Evidence Diagnosis 

Evidence diagnosis is based on finding the trypanosome in the trypanoma at the 
inoculation phase, in the blood or the ganglionic juice at the lymphatic-sanguine 
phase or in the CSF in the meningoencephalitis phase. 
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Serological diagnosis is also possible in the blood or CSF by detection of an-
ti-trypanosome antibodies IgM [2] [4] [10]. PCR techniques are also available 
and remain more efficient. Its use on a large scale should make possible to detect 
the disease early and also allows differentiating the parasites rTB and gTB [3]. 

3.4. Treatment 

Curative treatment is based on pentamidine, eflornithine, nifurtimax and me-
larsoprol for the gTB form. The rTB form is treated with suramine and melarso-
prol. Currently trials are underway for treatment with fexinidazole [1] [2] [3] [4] 
[9] [10] [11]. 

Melarsoprol is a toxic arsenical derivative responsible for encephalopathy that 
may occur in 10%. Its mortality is estimated between 3% to 5% [9]. Relapse is 
not negligible estimated in 20% in Robays’ study [10]. 

There is no available preventive treatment for this fatal disease. These aspects 
highlight the importance of anti-vector treatment as the only guarantee of effi-
cacy for the eradication of HAT [1] [2] [3].  

4. Conclusion 

The management of trypanosomiasis from diagnosis to treatment, rests mainly 
on the responsibilities of specialized centers. Wider use of diagnostic tools, 
should be extended to any medical structure for wider sentinel oversight. On the 
other hand, imaging, MRI particularly, must be integrated into the tools of care 
and follow-up of the patients both to guide the etiological research and to seek 
the complications related to the melarsoprol-based treatment. 
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Abstract 
Objectives: To assess the patients and health personnel’s level of awareness 
on risks related to ionizing radiation during CT scan. Materials and me-
thods: Three questionnaires were addressed to patients, prescribing physi-
cians, and the medical imaging staff for three hospitals respectively. This per-
mitted us to assess their knowledge on the benefits and risks of the required 
medical exam, based on the dangers of being exposed to X-rays, especially 
induced-radiation cancer following the amount of X-rays received during a 
CT scan and the possibility of not receiving radiation as tools of diagnosis. 
Results: 150 patients, 84 referring doctors of CT scan tests and 60 medical 
imaging personnel were retained. For patients, only 7.1% received informa-
tion on the benefits and risks of their exams, and 34.4% believed that x-rays 
were harmful to their health. For the prescribers, 46.7% took into account the 
benefits/risk ratio before prescribing a test and only 16.7% of the referring 
doctors have informed the patient of the risks related to X-ray. 90% of the 
medical imaging staff ensures that the required test is justified, and 50% in-
formed the patient on the risks associated with their radiation exposure, and 
the increased risk of developing cancer. 65% of the imaging staff could not es-
timate the dose that the patient will receive during the medical test. 25% men-
tioned the dose received during the acquisition in the patient’s exam report. 
Conclusion: This study confirms that the referring doctors, the patients, and 
the radiologists have a low knowledge concerning the risks associated with 
radiation exposure during a CT scan assessment. We will therefore say that 
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patients and prescribers are not aware of the doses of radiation on CT and 
their possible risks, even though there is a risk of developing cancer. 
 

Keywords 
X-Rays, CT Scan, Level of Knowledge, Risks, Patients, Medical Staff 

 

1. Introduction 

Since their discovery, X-rays have constantly contributed to revolutionizing in 
the medical fields by saving lives on daily basis [1]. They are mostly used in two 
procedures of medical imaging: radiography and Computed Tomography or 
Scanner. They occupy such an important place today that they have become an 
indispensable tool in medical diagnosis. However, this practice is not risk free. 
X-ray is an ionizing radiation and therefore capable of causing harmful effects to 
tissues, depending on the dose received [2]. CT scan has particularly become a 
subject of interest since it constitutes the main source of exposure to X-ray [3] 
and also for the fact that the dose absorbed by an organ during a CT scan is one 
hundred times greater than that of a corresponding conventional radiography 
[4], hence considerable. It has recently been revealed in modern literature that 
there is an ever-increasing abuse in the use of these medical imaging methods 
[5], and most often in conditions that do not comply with employment stan-
dards. 

Studies have shown that an uncontrolled use of ionizing radiation is likely to 
be due to an underestimation of the doses delivered and the risks associated with 
low doses of X-rays by prescribers [6] and the ignorance of the imaging person-
nel concerning the Doses of radiation received by patients during radiology di-
agnostic tests [7]; but also to the ignorance of the effects of ionizing radiation by 
the patients themselves [8]. What about the situation in sub-Saharan Africa? It is 
clear that there is a little vagueness in the assessment of risks to patients in 
sub-Saharan Africa in the face of new uses of X-rays and the level of awareness 
of their users elucidates this mystery [9]. 

Our objective was to assess the level of knowledge of patients, prescribers and 
imaging staff on the risks associated with irradiation doses during CT scan. 

2. Materials and Methods 

The study was carried out in the medical imaging services of three (3) hospitals 
structures, From March to November 2016. 

3. Participants 

Our target population was divided into three groups: 18 years old patients, who 
came to undergo a CT scan within the imaging department, from referring phy-
sicians requesting CT scan during the period of study; and all medical imaging 
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personnel directly or indirectly involved in the realization and reading of the 
x-rays examinations. Three questionnaires were designed for this purpose. They 
were given to the three groups respectively (patients, prescribing physicians, 
medical imaging personnel), and the identity of each participant was kept secret. 
They had three objectives: to assess their knowledge of the benefits and risks of 
the examination requested; to assess their knowledge on the dangers of X-rays 
especially the risk of induced-radiation cancer due to the dose received during 
the CT scan examination; The radiation protection measures adopted and the 
possibility of a non-irradiation examination. The interviews were in the form of 
multiple choice questions with a unique answer, where the interviewees had to 
tick the correct answer; equally with open-ended questions where participants 
could express themselves freely. 

4. Evaluation of Participants 

The imaging services were used to record the answers of patients and the imag-
ing personnel. The other participants (prescribing physicians) were interviewed 
in their respective departments. We approached each participant after the CT 
scan. The subject and purpose of the study was presented to each person either 
verbally or in written form in order to seek for their consent. The data was col-
lected from the patient who agreed to participate in the study and also from all 
medical staff: physician (residents/holders), radiologists (physicians, residents, 
technicians) directly involved in the health care of the patients under study. Each 
questionnaire handed out, was completed with the assistance of an investigator. 
To avoid favoritism, the questionnaires were handed over without prior prepa-
ration, to the participants, based on the subject matter. 

The data collected were as follows: 
At the level of the patient: Demographic data (gender, age, level of educa-

tion, profession); Information on advantages and risks received prior to and af-
ter his examination (type, place of information); information on irradiation 
dose; knowledge of X-rays and their effects, the possibility of a non-irradiating 
substitute exam. 

At the level of participants and medical imaging personnel: Demographic 
data (professional category, years of experience); the information given to the 
patient concerning his/her examination (risks, advantages, dose), they estimate 
on the dose of irradiation in CT and their knowledge on the X-rays. 

Regarding the dose estimates for each CT acquisition, we find the dose length 
product (DLP) received by the patient during cerebral CT scan, abdomin-
al-pelvic, lumbar and thoracic CT examinations. It was shown on the scanner 
console (GE Medical Systems) after the exams. For patients examined with the 
HITACHI brand device, the PDL was raised during the course of the examina-
tion. In the case of multiple exposures the PDL recorded in the same region was 
the sum of PDLs (as required by Decree 1151 of 11 June 2013 of the Ministry of 
Public Health of the Republic of Cameroon concerning dosimetry information 
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to be included in the medical record). The effective dose (E) expressed in milli-
sieverts (mSv) was then calculated using the tissue conversion coefficient (k) ac-
cording to the formula: E = PDL × k. 

On each device, we were interested in the following parameters: kV and mAs; 
The Pitch; The height of acquisition; the thickness of the sections; the speed of 
rotation. To collect the data we used: data sheets of A4 paper formats, and pens. 

5. Data Analysis 

The data collected from the questionnaires were transferred to an Excel 8.0 file 
and then coded and exported to the SPSS software and Epi info 7 for analysis. 
The discrete variables are presented as a series of (effective) quotations, and as 
percentages. 

Dose and risk information were obtained from the website of the Institute for 
Radiation Protection and Nuclear Safety (IRSN). Data on radiation protection 
regulations in Cameroon were collected from the ANRP. 

Averages and frequencies were compared using the Fisher test (frequencies) 
and the Kruskal and Wallis test (average). The margin of significance of the sta-
tistical tests was fixed at a p < 0.005 (confidence interval 95%). 

6. Results 
6.1. Evaluation of Patients 

150 patients met our selection criteria. The age groups varied from 20 to 85 years 
with an average of 46.67 years. The most widely represented age groups are those 
between the ages of 40 to 50 and 50 to 60, with a proportion of 24.0%. The most 
represented level of study was the university level with an average of 37.1%, and 
they have the best answers amongst all the other participants. 

Figure 1 shows that 72.86% of the patients received information based on 
their examination. Most of the information received from this group about the 
benefits of the examination (60.0%), some during the clinical consultation, and 
others by their personal investigations. 
 

 
Figure 1. Different information’s received by the patient. 
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6.2. Information Received by the Patient 

According to Table 1, 17.1% believed that their risk of developing cancer in-
creased following the medical examination. The irradiation dose was not re-
ported to any patient after the CT scan. 

6.3. Effects of X-Rays on Health 

38.6% of our patients had never heard of X-rays; but most of them (58.5%) at-
tributed the dangerous term to the x-rays. 

6.4. Evaluation of Referring Doctors 

Eighty four questionnaires were collected and analyzed from prescribers. They 
were 53% composed of specialists, followed by general practitioners 40%. Their 
years of experience varied from 1 to 26 years, with an average of 9.83 years. The 
most represented group was between 10 and 15 years of age. Most of them, 
71.9%, had received training in the radiation protection of patients during their 
training. For our referring doctors, 46.7% take into account the advantage/risk 
ratio before prescribing an examination. We found no link between this results 
and the radiation protection training. In addition, only 16.7% informed syste-
matically the patient of the risks related to X-rays resulting from the examina-
tion, as compared to 40% (who often make mention of these risks; While 63.3% 
of prescribers believed that the risk of developing cancer may increase as a result 
of a CT scan. The prescribers were split into two groups according to their years 
of experience (level): a group of less than 10 years and a group of 10 years or 
more. The group of 10 years and above, informed the patients more of the risks 
associated with his/her examination. But the difference in distribution between 
the two classes is insignificant. None of the two groups informs the patient about 
the dose that they could receive during their CT scan, and none could estimate 
the dose of radiation that could be received by the patient during an abdominal 
pelvic CT scan. 32.3% of prescribers gave an exact dose ratio between a Chest 
X-ray (RT) and an abdominal pelvic (CT) scan. It is more represented by the 
group of less than 10 years. 

6.5. Evaluation of Medical Imaging Staffs 

Sixty medical imaging personnel participated in this study. They were made up 
 
Table 1. Health effects of X-rays. 

 Headcount Percentage 

No replies 58 38.6% 

Destroying the cells 51 34.3% 

Cause cancer 26 17.1% 

Can reduce life span 11 7.1% 

none 4 2.9% 

TOTAL 150 100% 

https://doi.org/10.4236/ojrad.2017.73022


M. N. Guena et al. 
 

 

DOI: 10.4236/ojrad.2017.73022 204 Open Journal of Radiology 
 

of radiologists (35%) and technicians (55%), respectively. Resident Radiologists 
were poorly represented. Their years of experience varied from 2 to 26 years, 
with an average of 10.65 years. The most represented group was that of 5 and 
less years of experience. 75.0% have already received training in radiation pro-
tection. 90.0% of the imaging personnel ensure that the requested examination is 
justified. 50% of the imaging personnel informed the patient of the risks asso-
ciated with their examination. Only 25% of the medical imaging personnel re-
ported the dose received to the patient. 50% of the imaging staffs believed that 
the risk of developing cancer in the patient has increased. 65% of the imaging 
staffs could not estimate the dose that the patient will receive during the exami-
nation. 

7. Discussion 

The main objective of this study is to assess the level of awareness of patients, CT 
scan prescribers and medical imaging staffs regarding their knowledge of radia-
tion doses during a CT scan and the possible risks. These participants were taken 
from three hospitals, with the background of the type of structures (public, pri-
vate) their high-quality technical platform and their high level of attendance, to 
study the ‘context’ parameter in the patient-medical staff relationship. This was 
not the case in the study by Christophe I. Lee et al. [10]. We have encountered 
two limitations in our study: the poor knowledge of our different patients, the 
failure of radiation protection regulations and the non-application of existing 
laws. 

7.1. Characteristics of the Sample 

We sampled 150 patients for CT exams. We found neither correlation between 
the responses to the questions and the sex of the patients, nor between their age 
and their level of consciousness. 37% of our patients had a higher level of educa-
tion; we found that this parameter could play a big role on the level of under-
standing of the investigator and his degree of involvement in the management of 
his pathology [11]. We interviewed each of them. An interview was preferable 
due to the lack of understanding of certain information in the questionnaire, 
such as the radiation dose, their X-ray representation, the name or type of ex-
amination requested. Nevertheless, we have noted that a high level of study in 
our context, increases the level of knowledge of the patients on the x-ray, but 
does not help to raise their level of consciousness regarding the x-ray and the 
possible risks involved; Since none of them had asked the prescriber for a 
non-irradiating examination. 

Seventy six (76) and sixty (60) questionnaires were recovered from the pre-
scribers of CT scans and from the medical imaging staffs respectively. The per-
centage of filled forms stood at 91.1%. However, we found that there is a weak 
correlation between the number of years of experience and the results of the 
working staffs (F-test = 0.8123, p = 0.375). These finds disagree with those of 
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Christoph I. Lee et al. [10], where years of experience increase the level of con-
sciousness of this group. But agree with those of Moifo B. et al. in Cameroon 
[12], who found out that the level of unsatisfactory knowledge (79.5%) among 
prescribing doctors regarding the justification of examinations as exposed to io-
nizing radiation. This may be related to the fact that in our context, health pro-
fessionals do not benefit from any continuous training organized in radiology 
protection hospitals as Daniel Zewdneh et al. discovered [13]. 

7.2. Information on the Benefits and Risks of the Exam 

27.2% of our patients had not received any information regarding the risks or 
benefits arising from their CT scan. And 60 % had received some basic informa-
tion concerning the benefits of the examination. Only 7.1% received information 
about the benefits and risks of their examination and 5, 9% only on the risks 
(Figure 1). Gervaise AF et al., Confirms that the practitioner must emphasize on 
the expected benefit of the examination and the resulting benefit/risk relation-
ship [14]. These patients received information about the risks involved in their 
personal research. Our data confirms, as in other studies, that this information is 
poorly communicated [10] [14]. 46.7% of the prescribers take the benefit/risk ra-
tio into account before prescribing an examination, and only 33.33% inform the 
patient of the risks associated with the examination. 

It should be noted that 85% of the medical imaging staffs do not know if the 
patient has been informed of the risks associated with their examination. Major-
ity (p = 80%) of the prescribers declared that due to insufficient time, they were 
unable to adequately inform the patient about the risks of their examination, ex-
cept for more matured patients to whom they mentioned the benefits of the ex-
amination. Leclere J. et al. Went on to show that the desire of the medical staff to 
inform the patients also depended on their personality, their involvement in the 
relationship, their ability to listen and their mood at the time, his level of tired-
ness or stress [11]. 

7.3. Risk of Radiation-Induced Cancer 

A lesser amount (17.1%) of patients felt that their risk of developing cancer as a 
result of their CT scan had increased as reported in Table 1. But most (65.7%) 
had no idea on this issue. On the side of the medical staffs, we observed the op-
posite, where 63.3% of the prescribers and 50% of the medical imaging staffs 
thought that the risk of cancer patients could increase further due to a CT scan. 
The disproportion of opinion among radiologists and prescribers suggests that 
concrete information about the possible risks of radiation - induced cancer is not 
controlled by the medical profession. 

7.4. Information on Irradiation and Dose Estimation 

The average doses delivered during an abdominal pelvic CT scan were: 30.67 
mSv and that of a CT scan was: 20.46 mSv. These values are higher than those of 
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the diagnostic reference levels established by the IRSN [15]. The International 
Commission on Radiological Protection (ICRP) certifies that: The average risk 
of cancer death in a Western society is about 25%. After a CT scan involving 10 
mSv irradiation, this risk is increasing by only 0.05% (hence 25.05%) [16]. 

There is therefore a risk of developing cancer following CT examinations. In 
fact, most of our patients (p = 35.71%, n = 25) had received doses greater than 
10 mSv. However, almost all (100%) of our patients were not informed about the 
dose of irradiation received during the CT scan and the possible risks involved. 
However, the regulations of the Republic of Cameroon require that the dose 
(DLP) received during the exam should be mentioned on the patient's report 
and that the latter should be informed [17]. Most referring doctors stated that 
the imaging staffs responsible for irradiation should inform the patient of the 
risks involved. Some authors have suggested that the referring doctor, rather 
than the radiologist or technician or radiographer, is the most appropriate per-
son to discuss these issues because they are more intimately acquainted with the 
clinical details of the patient and the need for a particular examination [18]. This 
lack of information revealed that the prescribers and the imaging staffs inter-
viewed had little or no knowledge of the doses of irradiation; If they do not in-
form the patient, it is because they have no knowledge of the possible doses of 
irradiation in the scanner. 46.66% of the prescribers underestimated the dose ra-
tio between a Chest X-ray (RT) and an abdominal pelvic (CT). This was also the 
case in Jacob K and al [18]. From these findings and those mentioned above, it 
can be said that the level of knowledge of prescribers and patients about the risks 
associated with scanning is very low. 

We noted that 90% of our patients arrived in our imaging services at least one 
day after the consultation. Some arrived at the hospital already worried and 
having preconceptions about the examination they will undergo from their 
knowledge acquired at school on x-rays (48.6%) and from public opinion they 
know on scanning. Most (60.00%) of our participants who had heard of X-rays 
believed that X-rays can destroy their cells thus reducing their lifespan and can 
be the cause of cancer; It should be noted that 64.28% of them did not know that 
their exam required the X-rays. These reports show us an alarming state of the 
adequate information to patients in medical imaging services. 

7.5. Limitations of Our Study 

Our study is limited by the fact that we cannot investigate all the public’s aware-
ness of the risks associated with x-rays. It was limited to hospitals. We had not 
studied consciousness on the induction of mutations by x-rays because these link 
to the cancer development. There are also other risks in hospitals, particularly in 
imaging departments, such as the risk of reaction to contrast media, for which 
awareness of patients and medical staff can also be studied. 

8. Conclusions 

Our study confirmed the low level of knowledge of referring physicians and pa-
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tients, moderate level of knowledge of radiologist regarding the risks associated 
with irradiation during a CT scan. We will therefore say they are not aware of 
the doses of irradiation on CT scan and their possible risks, even though there is 
a risk of developing cancer. 

All these data therefore seek to encourage the principle of precaution, without 
overestimating the risks of radiation-induced cancer associated with low doses of 
X-rays. The practice of informing patients on the risks of their examination and 
the routine transcription of dosage information on their reports will permit us to 
situate our practices and to adapt them in relation to the values of the reference 
guides. 
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Abbreviations Note 

CT: Computed Tomography 
mAs: Milli ampere seconds 
DLP: Dose Length Product 
GE: General electric 
Kv: Kilo voltage 
mSv: milli Siervet 
ICRP: International Commission on Radiological Protection 
IRSN: Institute of Radiation Protection and Nuclear Safety 
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