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Abstract 
Cerebral or intracranial aneurysm is a leading cause of subarachnoid hemorr-
hage. It was initially treated with open surgical clipping but as rapid develop-
ment of technology a less invasive endovascular coiling technique of aneurysm 
revolutionized the treatment. Due to tortuous anatomy of parent artery and 
complicated morphology and location of aneurysm there is ongoing challenge 
in the complete obliteration of aneurysms. To aid in the advances of treating 
aneurysm stent assisted endovascular coiling was introduced to give more scaf-
fold support to parent artery and decrease events of coil protrusion from aneu-
rysms. Many types and generation of stents were developed. One of the most 
recently introduced stent is low profile visualized intraluminal support (LVIS) 
stent. Due to its low-profile nature it can be used in 0.017-inch inner diameter 
microcatheter and reach small and complex vessels providing high aneurysmal 
neck coverage which was not possible through other traditional stent. In addi-
tion, its braided design with tantalum strands and radiopaque markers make it 
more visible during stent placement and post procedure stent evaluation. De-
spite of many advantages of LVIS stent it is related to high rate of thromboem-
bolic complications and technical complications. Aim of this review paper was 
to evaluate therapeutic safety, effectiveness and feasibility of LVIS stent in en-
dovascular coil embolization of intracranial aneurysms. 
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1. Introduction 

Cerebral aneurysm or intracranial aneurysm, is a cerebrovascular disorder caused 
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by weakness in the inner muscular layer wall of cerebral artery or vein resulting in 
focal dilation or ballooning of the blood vessel. The dilated vessels can become 
thin and rupture without any threatening signs resulting in subarachnoid he-
morrhage which can lead to stroke, coma or death. Most evident division of cere-
bral aneurysm is considering the ruptured and unruptured lesions. Cerebral aneu-
rysms can be classified in terms of size (small (<10 mm), large (10 - 25 mm), and 
giant (>25 mm) in diameter) [1], location (Anterior circulation 90% and posterior 
circulation 10%) [2]. Non-saccular aneurysms (fusiform, dolichoectatic, and dis-
secting aneurysms) are rare with less than 0.1% incidence [3]. Saccular or berry 
aneurysms is the most common form of cerebral aneurysm occurring in about 1% 
- 2% of the population and related to 80% - 85% of non-traumatic subarachnoid 
hemorrhages [4] [5]. According to findings from an analysis of 68 prevalence stu-
dies data from 83 study populations prevalence of intracranial saccular aneurysms 
of 3.2% is with male: female ratio of 1:2 [6]. Intracranial aneurysms are seldomly 
acquired lesions; however, a rare heredity form has been related with conditions 
like Marfan’s syndrome, Autosomal dominant polycystic kidney disease, Eh-
lers-Danlos syndrome type IV, fibromuscular dysplasia, sickle cell anemia, Moya-
moya disease and brain arteriovenous malformation. About 5% - 40% of patients 
with autosomal dominant polycystic kidney disease have intracranial aneurysms, 
and 10% - 30% of patients have multiple aneurysms [7]. An important risk factor 
of aneurysm is family history. Reversible risk factors like alcohol consumption, 
smoking and hypertension increase occurrence of aneurysm [8] [9]. 

2. Background 

Endovascular techniques for treating aneurysms started back to the 1970s by a 
Russian neurosurgeon, MD Fjodor A. Serbinenko with the introduction of 
proximal balloon occlusion. During 1980s, there was high rate of procedural 
rupture and complications those treated with endovascular balloon occlusion 
technique [10]. Guido Guglielmi, MD, an American neuroradiologist invented 
the platinum detachable micro coil, which was used to treat the first human be-
ing in 1991 and their FDA approval in 1995 gave revolution to endovascular 
treatment of cerebral aneurysms [11]. 

Endovascular coiling has been regarded as a safe and effective alternative to 
surgical clipping of aneurysms [12] [13] [14]. The goal of both surgical clipping 
and endovascular coiling is to stop blood flow into the aneurysm. On the basis of 
aneurysm obliteration rate and without any evidence of aneurysmal recanaliza-
tion or reoccurrence, treatment effectiveness is measured. Endovascular coiling 
is a good option for treating aneurysms because it is minimally invasive tech-
nique, which means no need to open skull, can be done in short time which ul-
timately lower anesthesia time. However, the important different between endo-
vascular coiling and surgical clipping, includes how the aneurysm was closed. 
Because comparing both coiling does not physically approximate the inner blood 
vessel lining, blood flow to aneurysm may occur through the incomplete compac-
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tion of the coils. Nevertheless, due to the risk of coil herniation or migration re-
sponsible for thromboembolic complications coil embolization of complex-shaped 
and wide necked aneurysms remains challenging. Advanced techniques like bal-
loon remodeling and stent-assisted coiling for endovascular treatment of com-
plex and wide-necked aneurysms has been developed which allow compact coil 
packing hence preventing coil protruding into the parent artery [15]. In addi-
tion, stents may induce flow diversion effect hence reducing blood flow towards 
aneurysm and provides a scaffold support around aneurysm neck which helps in 
new endothelial tissue growth resulting vessel wall healing and preventing circula-
tion towards aneurysms [16]. A new self-expandable stent, the Low-profile Visua-
lized Intraluminal Support (LVIS) device is introduced for stent assisted coil 
embolization cerebral aneurysms. 

3. LVIS Device Description and Endovascular  
Procedure [17] [18] 

The LVIS stent (MicroVention Terumo, Tustin, California, USA), which offers 
an option between conventional coil assist stents and flow diverters, it was de-
signed to improve the long-term efficacy of endovascular treatment while ex-
cluding impact on side branches. The LVIS is a self-expanding, hybrid closed 
cell, braided stent with nitinol wires and flared ends with proximal and distal ra-
diopaque markers, and double helical tantalum strands to help in full visualiza-
tion. Due to its small cell size (<0.9 mm) it can provide better parent artery pro-
tection against small sized coils around the aneurysm neck. It has high metal to 
surface coverage (23% on average) as compared to other available stents which 
helps improving flow diversion. 

The 2 different kinds of the stent: LVIS and LVIS Junior. The LVIS stent, 
which is suitable with a 0.021-inch microcatheter is recommended for a parent 
artery diameter of 2.0 - 5.0 mm has a cell size of 1.0 mm. It has four radiopaque 
tantalum markers on the proximal/distal ends with two radiopaque helical 
strands visible within body of the stent. The LVIS Junior stent, which is suitable 
with a 0.017-inch microcatheter, has a cell size of 1.5 mm and is intended for ves-
sels sized 2.0 - 3.0 mm. It has three radiopaque tantalum markers at the proxim-
al/distal ends and 3 radiopaque helical strands visible throughout the body. 

To deliver stent to the target site a 6F - 8F guiding microcatheter is introduced 
through a femoral sheath into the carotid artery. Radiologic examination of tar-
get artery is performed using a biplane angiographic system, rotational angio-
graphy followed by three-dimensional reconstruction is performed to assess the 
aneurysm and parent artery morphology for accurate measurement. The LVIS 
device is available in 3 sizes (3.5, 4.5, and 5.5 mm in diameter) with various 
lengths. Determination the stent size selection is done according to target parent 
artery diameter. Different stenting strategies can be done according to mor-
phology, types or location of aneurysm some are as follows: 1) Semi jailing tech-
nique; 2) Bailout stent placement [18]; 3) Overlapping stenting (Y, X-stenting) 
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[19]; 4) Bulging technique [20]; 5) Balloon remodeling followed by stenting [21]. 

3.1. Anticoagulation and Antiplatelet Treatment [18] 

All patients prior to endovascular coiling procedure are heparinized after cathe-
ter is placed to prevent blood clotting. Blood coagulation factors are routinely 
monitored pre and post procedure. Patient with unruptured aneurysms are pre-
treated with Dual antiplatelet drugs (Aspirin 100 mg and Clopidogrel 75 mg) to 
decrease platelet aggregation and inhibit thrombus formation for prevention of 
any primary and secondary thrombotic events. Loading dose of Dual antiplatelet 
drugs 300 mg each should be given before stenting procedure for patient with 
acute ruptured aneurysmal subarachnoid hemorrhage to reduced risk of clinical 
vasospasm and delayed cerebral ischemia [22]. Post procedure patient are con-
tinued with daily maintenance dose of Aspirin and clopidogrel for some weeks 
as per patient need and followed by aspirin alone for lifelong. 

3.2. Clinical and Imaging Follow-Up 

Patient are clinically assessed according to Modified Rankin scale (mRS) [23] for 
any neurological disability or dependency in daily activities on the day of pro-
cedure and in follow up in 3 - 6 - 12 months (Table 1). 

Various Imaging technique as Magnetic resonance angiography, Digital sub-
traction angiography are performed post procedure and in follow-up to evaluate 
aneurysmal occlusion, stent patency, stent position, stent migration, instent ste-
nosis, aneurysmal reoccurrence or obliteration and any thromboembolic events. 
Angiographic results for grading of aneurysmal occlusion are assessed according 
to Modified Raymond-Roy Classification [24] (class I: complete obliteration, 
class II: residual neck, class IIIa: contrast opacification within the coil interstices 
of a residual aneurysm, class IIIb: contrast opacification outside the coil inters-
tices, along the residual aneurysm wall).  

4. Review of Articles 

Regarding overall safety, effectiveness, feasibility and complications of LVIS  
 

Table 1. Modified rankin scale. 

Symptoms Grade 

No symptoms at all 0 

No significant disability despite symptoms; able to carry out all usual duties and activities 1 

Slight disability; unable to carry out all previous activities, but able to look after own affairs 
without assistance 

2 

Moderate disability; requiring some help, but able to walk without assistance 3 

Moderately severe disability; unable to walk without assistance, unable to attend to needs 
without assistance 

4 

Severe disability; bedridden, incontinent, and requiring constant nursing care and attention 5 

Dead 6 
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stent we reviewed various original articles related to LVIS Stent from 2012-2018. 
PUBMED, SCOPUS, GOOGLE SCHOLAR and RESEARCH GATE search en-
gines were used using key words low profile visualized intraluminal support 
(LVIS) for articles search. We mainly focused on articles in english language 
about study related safety and effectiveness of LVIS, articles directly comparing 
LVIS stent with other stent in the endovascular treatment of cerebral aneurysms. 
Articles related to surgical clipping, endovascular coiling without stent assis-
tance, animal study and non-English language were kept on exclusion criteria 
(Figure 1). 

4.1. Wei Su, Yisen Zhang et al. [25] 

In this single-center retrospective study they enrolled 218 patients with various 
types of intracranial aneurysms treated with LVIS stent. After the implantation 
of stent post procedural angiographic results of aneurysmal occlusion were eva-
luated as Raymond class 1 (139, 63.8%), Raymond class 2 (75, 34.4%), Raymond 
class 3 (4, 1.8%). All patients were clinically evaluated by mRS score after the 
procedure and at follow-up from 1 to23 months. mRS score at follow-up were:0 
for 141 (88.1%) patients,1 for 15 (9.4%) patients, 2 for 0 (0.0%) patients, 3 for 1 
(0.6%) patients, 4 for 1 (0.6%) patients, 5 for 0 (0.0%) patients, and 6 for 2 
(1.3%) patients. 2 of 1 patient died cause of distal vessel perforation due to tip 
wire of LVIS stent and other patients died due to hemorrhage from recurrence 
of vertebral dissecting aneurysm leading to brain stem failure. According to this  

 

 
Figure 1. A flow diagram reflecting the literature review process. 
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study LVIS stent deployment success rate was high (99.1%) as compared to other 
laser cut stent studies because of high aneurysmal occlusion and low complica-
tion rate. However, this study concluded that to evaluate efficacy of LVIS in 
treatment of intracranial aneurysm larger patient population and longer follow 
up is needed. 

4.2. David Fiorella, Alan Boulos et al. [26] 

This study was prospective, multicenter, interventional study done in 21 
UNITED STATE hospitals to assess the safety and effectiveness of LVIS stent in 
the coil embolization of wide necked intracranial aneurysms. Total of 153 pa-
tients were enrolled from the date July 2013 to October 2014. As per study pro-
tocol success rate asses by successful and stable stent placement with coverage of 
aneurysm neck and parent artery patency. Safety was evaluated as rate of stroke 
or death within 30 days to 1-year time interval. Effectiveness of treatment was 
assessed according to complete angiographic aneurysmal rate without any re-
treatment and stenosis (≥50%) of parent artery at 1-year follow-up. Success rate 
was 149 of 153 (97.3%) patients. As per safety protocol total 14 (9.2%) out of 153 
patients had stroke (ischemic and hemorrhagic) events and 3 patients died fol-
lowed by major stokes and additional 3 patients died of non-neurological cause 
(suicide, cardiac events and drug overdose) within time interval 30 days-1 year. 
Overall mortality was 6 (3.9%) out of 153 patients. 14 patients did not follow up 
for 1-year angiographic assessment so out of 139 patients 128 (92.1%) patients 
showed ≥95% aneurysmal occlusion and 132 (95%) showed ≥ 90% occlusion.6 
patients (less than 5%) required retreatment and no patients showed parent ar-
tery stenosis. Due to high success rate of stent deployment, high level of proce-
dural safety and high occlusion rate of aneurysms US LVIS pivotal trial con-
cluded LVIS stent as safe and effective tool in the treatment of wide necked ce-
rebral aneurysms. 

4.3. Young Dae Cho & Chul-Ho Sohn et al. [27] 

Total of 55 patients with saccular aneurysm treated with LVIS (LVIS, LVIS Jr) 
stent between October 2012 and February 2013 were included in this prospec-
tive, multicenter study done in 2 hospitals from south korea.27 patient treated 
with standard LVIS and 28 with LVIS Jr. This study was based in the midterm 
follow up (6 month) clinical and angiographic results in which follow-up imag-
ing of 54 patients was done. According to study result 45 (81.8%) aneurysm were 
successfully occluded with procedure related morbidity 2 (3.6%) out of 55 pa-
tients. Midterm results show confirmation of 50 (92.6%) complete aneurysmal 
occlusion, 3 (5.5%) neck remanant, 1 (1.9%) residual sac. This study pointed that 
LVIS was feasible in stent assisted endovascular coiling and can be used in the 
treatment of unruptured intracranial aneurysms but due high rate of instent 
stenosis 26 (86.7%) out 30 aneurysms follow up angiographic result and seg-
mentally incomplete stent expansion in 5 cases they concluded that further long 
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term follow up monitoring is needed. 

4.4. Bradley a Gross, William J Ares et al. [28] 

This study was held between November 2013 and April 2018, total 64 patients 
were included in which 27 patients were treated with LVIS Jr and 37 patients 
were treated with ATLAS stent in endovascular coil embolization of cerebral 
aneurysms. Objective of this study was focused on clinical comparison of LVIS 
Jr and ATLAS on the basis of technical success and complication rate. According 
to their study results initial Raymond 1 occlusion rate of aneurysm of ATLAS 
was higher (57% vs 41% LVIS, P = 0.03), significant greater rate Raymond 1 or 2 
aneurysmal occlusion in follow up angiography results (ATLAS 100% vs 81% 
LVIS, P = 0.04) with minimum rate of in-stent stenosis for ATLAS (ATLAS 0% 
vs 19% LVIS, P = 0.04). As compared to those treated with LVIS stent this study 
demonstrates ALTAS stent has higher aneurysmal obliteration rate and lower 
in-stent stenosis rate. 

4.5. Huijian Ge, Xianli et al. [29] 

This single center, retrospective study was done in November 2014 to December 
2015. Total of 190 patients with 208 intracranial aneurysms were undergone 
treatment with LVIS (92 patients with 96 aneurysms) and Enterprise stent (98 
patients with 112 aneurysms). Aim of this study was to analyze the post proce-
dure angiographic results, complication related to procedure (hemorrhagic and 
thromboembolic events) and clinical outcomes to compare between LVIS and 
Enterprise stent. Procedure related complication was 10.9% of patients and En-
terprise 16.3%. Thromboembolic events (8 LVIS, 14 Enterprise) P = 0.263 and 
hemorrhagic events (2 LVIS, 1 Enterprise) P = 0.611 with good clinical outcomes 
(mRS or 0 - 2) (P = 0.379) shows no statically significant difference between two 
stents. However, in case of initial complete or near complete occlusion of aneu-
rysms LVIS (96.9%) and Enterprise (88.4%), LVIS shows higher rate of complete 
or near complete obliteration rate. 

4.6. Su-Yeon Park, Jae-Sang Oh et al. [30] 

This systematic literature review was done whether the low profile self-expandable 
stent (LVIS Jr and LEO baby) have higher incidence of thromboembolic com-
plications or not as compared to another existing stent. In addition, they have 
done meta-analysis LVIS Jr vs LEO Baby stent on the basis of three outcomes 
(obliteration of aneurysm prior to 6 month follow-up and procedural and tech-
nical complications). To show the safety and efficacy of low profile self-expandable 
stents 11 suitable reports were taken for this systematic review. Total of 217 
aneurysms were reported which were treated using various stenting techniques. 
Raymond class 1 and 2 obliteration was found in 87% of aneurysm on imme-
diate post procedure angiographic results. Raymond class 1 and 2 was found in 
79% and Raymond class 3 obliteration was found in 3% of treated aneurysms on 
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3 - 6-month angiographic follow-up results. LVIS JR and LEO Baby shows low 
Reoccurrence rate 6.5% (1.3% in LVIS, 5.7% in LEO Baby) in midterm follow up 
results as compared to other available stents. Low profile self-expandable stents 
can be used in small parent artery and have more metal coverage due to which it 
can be useful and safe to treat intracranial aneurysms but have high post proce-
dure thromboembolism rate 6.5% and technical complications. Meta-analysis 
concluded that there was no significant difference (P value = 0.953) between 
LVIS Jr and LEO Baby stent in obliteration rate at 6 months angiographic follow 
up but periprocedural complication rate was significantly lower (P = 0.008) in 
LVIS Jr as compared to LEO Baby. 

5. Summary 

In 1997 Higasida first published study about stenting technique in endovascular 
coiling of ruptured intracranial aneurysms; since then there is rapid develop-
ment in the field of stent assisted coil embolization of cerebral aneurysms [31]. 
Purpose of endovascular technique is complete obliteration, stopping intracrani-
al blood supply to aneurysms hence preventing recanalization for the protection 
against aneurysmal rupture. However small, wide necked and other complex 
anatomy cerebral aneurysm are still challenging for the treatment [32] [33]. Due 
to rapid growth in technology many newer generation self-expandable stents are 
already developed; one of them is Low-profile Visualized Intraluminal Support 
device (LVIS and LVIS Jr). LVIS offers advantages over other available stent like 
its low-profile nature, more visibility [34] (3 radiopaque nitinol strands visible 
through the body as well as three proximal and distal radiopaque markers), and 
closed cell with braided design which ultimately increases metal to vessel neck 
surface area resulting in better flow diversion effect [32] [35]. 

According to study [26] [34] [36] LVIS stent was highly effective in the treat-
ment of small, wide-necked aneurysm. In previous report LVIS VS Enterprise 
stent they compared both stent; as a result there was no significant difference in 
clinical outcomes and complication of both stent but LVIS stent resulted in high 
complete or near complete occlusion rate of aneurysms [29]. On the basis of 
hemodynamic effect of stent to reduce blood flow to aneurysms, using computa-
tional fluid dynamic this study has highlighted that the single LVIS device does 
more flow reduction than double Enterprise device but not as compared to pipe-
line device but double LVIS stent has better flow diverting effect than pipeline 
[37]. 

Hence after reviewing several articles related to LVIS stent in the coil emboli-
zation of intracranial aneurysms of different type and morphology this stent 
proved its safety, effectiveness and feasibility with its advance features and could 
be better option than other available stent. However, to reduce chances proce-
dure related complication (thromboembolic and ischemic events), technical 
complication (rupture of aneurysms while coiling) precise knowledge about 
characteristic of aneurysm, anatomy of aneurysm originating artery and better 

https://doi.org/10.4236/ojrad.2019.92009


U. KC, G. Deng 
 

 

DOI: 10.4236/ojrad.2019.92009 101 Open Journal of Radiology 
 

understanding of properties of stent are required. Last but not the least further 
comparison study of LVIS stent vs other stent with higher population and longer 
follow-up is required to verify its advantages on the endovascular coiling treat-
ment intracranial aneurysms. 
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Abstract 
Background: The associations between the severity of interstitial lung disease 
and the stage and histologic type of concurrent lung cancer remain unknown. 
Purpose: To evaluate whether the severity of interstitial lung abnormality 
(ILA), as indicated by quantitative computed tomographic (CT) indexes and 
CT visual score, was correlated with the stage and histological type of con-
current lung cancer. Materials and Methods: Twenty-eight patients with 
surgically diagnosed lung cancer and ILA on CT were enrolled in this retros-
pective study. The subjects were allocated to one of three groups by histolog-
ical type: adenocarcinoma group (13 subjects); squamous cell carcinoma 
group (10 subjects); and the other histological diagnosis group (5 subjects). 
Two independent observers evaluated the CT findings to determine the CT 
visual score, and the kurtosis and skewness of CT-based density histograms 
were determined. The relationships between severity of ILA and the patho-
logical stage and histological type of concurrent lung cancer were evaluated. 
Results: There were no significant differences in the CT visual scores and 
quantitative indexes among the three groups. CT visual score was significant-
ly negatively correlated with pathological stage (r = −0.43, P = 0.025). Con-
clusion: Patients can have only mild ILA on visual scoring but advanced lung 
cancer. Therefore, the frequency of follow-up examination should not be 
based on the severity of ILA on CT. 
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1. Introduction 

The frequency of lung cancer is higher in patients with interstitial lung disease 
(ILD) than in the general population [1] [2] [3]. Several imaging studies of 
lung-cancer-associated ILD [4] [5] [6] have been reported: computed tomo-
graphic (CT) scans show ill-defined lesions mimicking air-space consolidation 
[4] or nodular lesions with sharp margins [5] [6], with most tumors located in 
the periphery of fibrotic lesions [4] [5] [6]. However, the associations between 
the severity of ILD and the stage and histologic type of concurrent lung cancer 
remain unknown. 

There are several ways to evaluate the severity of ILD on CT images. Quantit-
ative CT indexes and CT visual scores are known indicators of the severity of 
ILD [7] [8] [9] [10]. Computer-derived indexes, such as kurtosis and skewness, 
can be obtained from frequency histograms of thin-section CT scans of the lung. 
Kurtosis describes the sharpness of the peak in a histogram. A histogram that is 
more peaked than the normal distribution has a positive kurtosis value. Skew-
ness refers to the asymmetry of a histogram. A histogram with a long tail to the 
right has a positive skewness value. Histograms from patients with ILD are less 
skewed and less kurtotic than those from healthy subjects. This is thought to re-
sult from an increase in soft tissue and decrease in air space [7]. Kurtosis and 
skewness are moderately correlated with the results of pulmonary function tests 
(forced vital capacity, forced expiratory volume in 1 s, total lung capacity, and 
diffusing lung capacity) [7] [8]. Furthermore, kurtosis is an independent predic-
tor of mortality [9]. CT visual score, which is a semi-quantitative score of the 
visual extent of interstitial change on CT images, is also useful for predicting 
clinical mortality [9] and outcomes [10]. 

We hypothesized that, if there were any relevance of these quantitative index-
es to concurrent lung cancer, they could be used to help identify those ILD pa-
tients who were most at risk of lung cancer. Here, we evaluated radiographic in-
terstitial lung abnormality (ILA) on CT of patients with lung cancer and investi-
gated the relationship between quantitative indexes and visual scores of ILA and 
the stage or histologic type of concurrent lung cancer. Our aim was to determine 
whether there was any index that could be used to identify a group of ILA pa-
tients at high risk of lung cancer. 

2. Materials and Methods 
2.1. Study Subjects 

The retrospective study population comprised patients with lung cancer that was 
surgically diagnosed at Juntendo University Hospital between November 2012 
and February 2015. The study was approved by the ethics committee of our in-
stitute (approval No. 2015015). We reviewed the findings of those lung cancer 
patients who had undergone thin-section (2-mm slice thickness at 2-mm inter-
vals) CT of the whole lungs in the period 2 months before surgery, and those pa-
tients with ILA on CT were enrolled in the study. All CT findings were reviewed 
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anew by the authors (K.S., thoracic radiologist with 15 years’ experience; K.A., 
pulmonologist with 7 years’ experience; M.F., thoracic surgeon with 8 years’ ex-
perience; and K.T., thoracic surgeon with 21 years’ experience). ILA was diag-
nosed by CT on the basis of reported criteria [11] [12] [13] and by consensus of 
the authors. ILA was defined as follows: non-dependent ground glass attenua-
tion, non-dependent reticular abnormality, traction bronchiectasis and honey-
combing. Patients who had received radiation or chemotherapy before surgery 
were excluded, and finally 28 patients with ILA were enrolled. Twenty-one patients 
were male and seven were female. The age range was 55 to 85 years (mean ± SD, 71 
± 7 years). Twenty-four patients were smokers (ex-smoker or current smoker). 

2.2. CT Scan Protocol 

All patients underwent thin-section CT with a 16-detector-row CT scanner or 
64-detector-row CT scanner (Aquilion 16 or Aquilion 64; Canon Medical Sys-
tems, Tochigi, Japan) using 1-mm collimators and scanning parameters of 120 
kVp with automatic exposure. A magnified view of each lung was reconstructed 
by using the lung algorithm (2-mm thickness at 2-mm intervals; entire lungs). 

2.3. Histopathological Evaluation for Lung Cancer 

Data on pathological stage and histologic type of lung cancer were obtained 
from the postoperative histopathological diagnosis. Staging was performed ac-
cording to the 7th Edition TNM lung cancer staging system of the International 
Association for the Study of Lung Cancer (IASLC) Staging Committee. To de-
termine the relationships between histologic type and severity of ILA, we catego-
rized patients into three pathological groups: adenocarcinoma (AC), squamous 
cell carcinoma (SCC), and other (OT). 

2.4. CT Visual Scores 

The thin-section CT findings were graded on a scale of 1 through 5 (from least 
severe to most severe) on the basis of the following classification system: 1, nor-
mal attenuation; 2, ground glass attenuation; 3, reticular abnormality; 4, traction 
bronchiectasis; and 5, honeycombing. This grading scale and the zones assessed 
were based on previous reports, with minor changes [10] [14]. The presence of 
each of the above-mentioned imaging features was assessed independently in 
each of three (upper, middle, and lower) zones of both lungs. The upper lung 
zone was defined as the area of lung above the level of the tracheal carina. The 
lower lung zone was defined as the area of lung below the level of the inferior 
pulmonary vein, and the middle lung zone was defined as the area of lung be-
tween the upper and lower zones. We estimated (to the nearest 10%) the propor-
tion of lung parenchyma displaying each of the five described imaging features. 
The abnormality score of each zone was calculated by multiplying the percentage 
area by the grading scale score (1 to 5). The three zone scores of both lungs were 
averaged to determine the total score for each patient (see example in Figure 
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1(a), Figure 2(a)). Two radiologists independently evaluated all images. 

2.5. Quantitative CT Indexes 

Lung-associated data were extracted and the bronchi, vessels, and tumors were 
excluded automatically by using a commercially available image analysis system 
(Synapse Vincent; Fujifilm Medical, Tokyo, Japan). A frequency histogram  

 

 
Figure 1. A 59-year-old man with interstitial lung abnormality. (a) Computed tomogra-
phy (CT) of the right lower lung zone. There was 80% normal attenuation (grading scale 
1), 10% ground glass attenuation (grading scale 2), and 10% reticular abnormality (grad-
ing scale 3). The CT visual score of the right lower zone was calculated by multiplying 
each percentage area by each grading scale score: 80 × 1 + 10 × 2 + 10 × 3 = 130. The total 
score was the average of the upper, middle, and lower zone scores of both lungs; the CT 
visual score of this patient was 118. (b) Frequency histogram of this patient. Kurtosis was 
−0.992 and skewness was 0.743. 

 

 
Figure 2. A 66-year-old woman with severe interstitial lung abnormality. (a) Computed 

tomography (CT) of the right lower lung zone. There was 50% normal attenuation, 20% 

ground glass attenuation, 20% reticular abnormality, and 10% traction bronchiectasis. 

The CT visual score of the right lower zone was 130 and the total score was 168. (b) The 

frequency histogram of this patient was less kurtotic and skewed than that of the patient 

in Figure 1. Kurtosis was −1.358 and skewness was 0.312. 
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(−1024 to −250 HU) was created from the data remaining (see examples in Fig-
ure 1(b), Figure 2(b)). The kurtosis and skewness of the whole of both lungs 
were calculated as quantitative CT indexes of ILA. 

2.6. Statistical Analysis 

A chi-squared test was used to determine differences in sex, smoking status, and 
pathological stage among the three pathological groups. The Kruskal-Wallis test 
was used to determine differences in age among the three pathological groups. 
An intraclass correlation coefficient was used to determine the relationships be-
tween the CT visual scores assigned independently by the two radiologists. 
Spearman’s rank correlation coefficient was used to determine the relationship 
between CT visual score and quantitative CT indexes. Spearman’s rank correla-
tion coefficient was also used to determine the relationships between severity of 
ILA and pathological stage. One-way analysis of variance was used to determine 
differences in the visual score and quantitative indexes among the three groups. 
A P-value less than 0.05 was considered statistically significant. All data were 
analyzed by using Statistical Software (IBM SPSS Statistics 21; IBM, Armonk, 
NY and Statcel 4; OMS, Tokyo, Japan). 

3. Results 
3.1. Subjects’ Characteristics and Pathological Stage  

of Concurrent Lung Cancer 

The clinical findings of the 28 patients are summarized in Table 1. There were 
significant differences in age among the three groups (P < 0.03). There were no 
significant differences among the three groups in terms of gender, smoking sta-
tus, or pathological stage. The pathological stage was IA in 6, IB in 9, IIA in 3, 
IIB in 4, IIIA in 4, and IIIB in 2. AC was the predominant histologic type (n =  

 
Table 1. Subject characteristics and pathological stages of lung cancer. 

  All (n = 28) AC (n = 13) SCC (n = 10) OT (n = 5) P 

Sex, n 
Male 21 7 9 5 

0.051 
Female 7 6 1 0 

Age, years, mean  71 75 69 66 0.03 

Smoking status, No. 
smoker 24 9 10 5 

0.067 
Non-smoker 4 4 0 0 

Pathological stage, No. 

IA 6 2 4 0 

0.36 

IB 9 4 3 2 

IIA 3 1 2 0 

IIB 4 3 0 1 

IIIA 4 2 0 2 

IIIB 2 1 1 0 

SCC: squamous cell carcinoma; AC: adenocarcinoma; OT: other. 
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13, 46%) and SCC was the second most common (n = 10, 36%). OT consisted of 
2 small-cell carcinoma, 1 large-cell carcinoma, 1 adenosquamous carcinoma, 
and 1 large-cell neuroendocrine carcinoma. 

3.2. CT Visual Scores and Quantitative Indexes 

The CT visual scores and quantitative indexes and their relationships are shown 
in Table 2. We investigated the inter-evaluator correlation of visual scores to 
confirm the score validity. Substantial reproducibility (0.71) was confirmed be-
tween the CT visual scores assigned by the two independent observers. Therefore, we 
used the averages of the two observers’ scores to evaluate the relationships with the 
quantitative indexes, the pathological stage and the histologic type. There was a 
significant negative correlation between visual score and skewness (r = −0.39, P 
= 0.025), but kurtosis was not correlated with visual score (r = −0.18, P = 0.36). 
There was a significant positive correlation between kurtosis and skewness (r 
=0.94, P < 0.0001) (Table 2). 

3.3. Correlation between Severity of ILA and Pathological Stage 

There was a significant negative correlation between visual score and pathologi-
cal stage (r = −0.43, P = 0.025). Neither kurtosis (r = 0.103, P = 0.59) nor skew-
ness (r = 0.122, P = 0.53) was correlated with pathological stage (Table 2). 

3.4. Correlation between Histologic Type and Severity of ILA 

Differences in quantitative CT indexes and CT visual score among the three pa-
thological groups are shown in Table 3. There were no significant differences in 
the severity of ILA among the three pathological groups. Kurtosis in SCC was 
lower than in the other two groups, but the differences were not significant (P = 
0.26). 

 
Table 2. Correlation coefficients (r values) between CT visual score, quantitative CT in-
dexes, and pathological stage. 

Parameter CT visual score Kurtosis Skewness Pathological stage 

CT visual score 1    

Kurtosis −0.18 1   

Skewness −0.39 (P = 0.025) 0.94 (P < 0.0001) 1  

Pathological stage −0.43 (P = 0.025) 0.10 0.12 1 

 
Table 3. CT visual scores and quantitative CT indexes in the three pathological groups. 

 
All (n = 28) AC (n = 13) SCC (n = 10) OT (n = 5) P 

Visual score 145.6 ± 23.4 144.6 ± 23.5 149.8 ± 25.1 140 ± 23.2 0.75 

Kurtosis −0.72 ± 0.29 −0.66 ± 0.31 −0.84 ± 0.23 −0.63 ± 0.35 0.26 

Skewness 0.9 ± 0.18 0.91 ± 0.21 0.84 ± 0.12 0.96 ± 0.21 0.44 

Data are means ± SD. SCC: squamous cell carcinoma; AC: adenocarcinoma; OT: other. 
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4. Discussion 

To the best of our knowledge, this is the first paper to investigate the relation-
ship between severity of ILA and stage of concurrent lung cancer. We found a 
negative correlation between visual score and pathological stage. This suggests 
that it is possible for patients to have only mild ILA but advanced lung cancer. 
One possible reason for this result is that patients with severe ILD may have un-
dergone frequent examination; therefore, early-stage lung cancer may have been 
more likely to be detected in these patients. Although Best et al. [9] reported that 
quantitative CT indexes were correlated with the extent of ILD, in our histo-
gram-based quantitative analysis there was no relationship between the quantit-
ative indexes and the stage of concurrent lung cancer. Thus there was no rela-
tionship between the severity of ILA and the stage of concurrent lung cancer in 
the histogram analysis. Therefore, the frequency of follow-up examination 
should not be based on the severity of ILA in terms of either visual or histo-
gram-based analysis on CT. 

We found that kurtosis was lower in SCC than in the other two groups, but 
the differences were not significant. AC was the predominant histologic type and 
SCC was second. Some studies report that SCC is the most common histologic 
type in patients with idiopathic pulmonary fibrosis (IPF) [3] [4] [5] [15], whe-
reas others show a predominance of AC [16] [17]. In Japan, AC is the predomi-
nant histologic type (58% to 68%), followed by SCC (21% to 22%) in all patients 
with lung cancer [18] [19]. The proportion of SCC in our study (i.e. 36%) was 
higher than this. The results of Kawasaki et al. [20] suggest that the incidence of 
SCC in IPF patients (46%) is significantly higher than that in non-IPF patents 
(22%). Kawasaki et al. also suggested that p53 gene alterations in squamous me-
taplasia might provide a clue to the molecular mechanisms underlying the high 
incidence of peripheral-type SCC in IPF patients [21]. 

There was a significant negative correlation between visual score and skew-
ness, but kurtosis was not correlated with visual score. One possible reason for 
this lack of correlation is that honeycombing, which is the most severe CT visual 
score finding, forms low-attenuation areas on CT images, making kurtosis high. 

Our study had several limitations. It was retrospective and involved only surgic-
al cases. Furthermore, we selected only those patients who had undergone 
thin-section CT of the whole lung for automatic analysis by an image analysis sys-
tem, so some patients were excluded from the study. In our study, ILA was diag-
nosed only from the CT findings, and there is no detailed pathological classifica-
tion for ILDs. However, the diagnostics of ILD are still under discussion [22]. We 
agree that image-driven indexes could help in the evaluation of ILD severity [7] [8] 
[9]. Note that here we used the term “ILA” instead of “ILD” because there is as yet 
no confirmation of the concordance of CT and pathological findings in ILD. 

5. Conclusion 

It is possible for patients to have only mild ILA but advanced lung cancer. 
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Therefore, the frequency of follow-up examination should not be based on the 
severity of ILA on CT. 
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Abstract 
Background: Urethral stricture is a disabling condition that remains preva-
lent due to the upsurge of sexually transmitted infections and traumatic le-
sions of the urethra during trauma of the pelvis in humans. Objective: De-
scribe the epidemiological, clinical and radiological presentations of male 
urethral strictures. Method: It was a cross-sectional and descriptive study 
during a one-year period from January to December 2017 including all male 
patients presenting for a urethrocystography examination, at the Ngaoundere 
Radiology and Medical Imaging Center who agreed to participate. The 
urethrocystography technique depended on patient’s condition and was 
either retrograde, anterograde, or following intravenous urography. The ex-
aminations were performed with GE X-ray equipment using Kodak Dry View 
CRs. The interpretation was performed by a radiologist with at least five years 
of experience. The variables studied were age, clinic, history, uretrocystogra-
phy technique and results. The data were collected using a previously estab-
lished data sheet and processed with Sphinx Plus2 V5 and Microsoft Excel 
2010 software. Results: 39 patients were enrolled in this study; the average 
age of our patients was 43.8 years with extremes of 4 and 76 years. The 50 - 60 
age group (30.7%) was the most affected. Infection (53.9%) and trauma 
(23.1%) were the most common etiologies; dysuria (38.5%) and diminution 
of urinary flow (30.8%) were the most patient’s complaint. Retrograde ureth-
rocystography (66.7%) was the most performed technic. Minimal bleeding in 
46.2% of patients was the most common incident during urethrocystography; 
76.9% of patients had a difficult urination and 7.7% an impassable urethral 
meatus. After interpretation, 84.6% of patients had urethral stenosis, which 
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was associated with bladder diverticula (23%) and fistulas (15.3%). The ste-
nosis was seated on membranous urethra (81.8%), tight type (45.4%), short 
(66.7%) and single (81.8%). The post-void residue was significant in 84.6% of 
cases and not significant in 15.4% of cases. 15.3% of the urethrocystographies 
were normal. Conclusion: Urethral stenosis in Ngaoundere mainly affects 
young adult; the main etiology is infectious, very often unique, short, and 
tight and the membranous urethra is the seat of predilection. Hence, to re-
duce the extent of pathology with its functional consequences and its impact 
on the socio-professional life in our context, the focus should be on sexually 
transmitted infectious. 
 

Keywords 
Stenosis, Urethrocystography, Male Urethra 

 

1. Introduction 

Stenosis of the urethra can be defined as a reduction in the size, more or less ex-
tended, of the urethral canal. It is a relatively common condition among men 
with a prevalence of 229 - 627 per 100,000 inhabitants or 0.6% of the population 
at risk; it affects men of all ages with a peak prevalence between 40 and 45 years 
and is very rare under 9 years [1] [2] [3]. Its incidence is currently increasing 
gradually because of the increased number of permanent catheter carriers, the 
increase in sexually transmitted diseases (STDs) and the misuse of transurethral 
diagnostic or therapeutic instruments [3]. In Africa, and especially in the tropics, 
the frequency is not negligible, according to Ouattara K et al. [4]. Although in-
fectious forms are decreasing in developed countries in favor of post-traumatic 
and iatrogenic forms, this does not seem to be the case in our context [3]. In pa-
tients with urethral stenosis, patients experience a weak urinary flow, difficulty 
urinating, incomplete emptying, urinary retention and recurrent urinary tract 
infections [1]. The evolution of urethral stenosis will lead to a more or less com-
plete obstruction of the lower urinary tract with, in the long run, an impairment 
of renal function and a risk of chronic renal failure. Despite the progress made, 
care is still problematic in many situations [5]. Radiology is the basis for the di-
agnosis of urethral strictures; conventional imaging of the urethra with urethro-
cystography is easy to perform, available, reproducible and economical examina-
tion that can detect clinically relevant narrowing involving the urethra [3], 
making it the first choice imaging for suspicion of stenosis in developing coun-
tries. Radiographic patterns of strictures, which included the number, site, types, 
length and associated radiographic findings as well as complications, were ob-
tained from the contrast urethrograms. In addition, it is a pathology of the adult 
in professional activity, provider of psychological disorders and disabling, which 
can generate significant medical, socio-economic costs and a negative impact on 
the quality of life of patients. Understanding the epidemiology, clinical and radi-
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ological pattern of urethral strictures can identify risk factors for the onset or 
progression of the disease, which can be the subject of preventive measures to 
reduce the severity of the disease and health expenses, so the purpose of this 
work was to identify the etiological, sociodemographic, clinical and radiological 
features of urethral stenosis in the Ngaoundere Regional Hospital. 

2. Method 

It was a cross-sectional and descriptive study that took place over one year from 
January to December 2017 at the radiology and medical imaging center of the 
Ngaoundéré Regional Hospital. All male patients referred for an urethrocysto-
graphy examination, and having deliberately agreed to participate was included 
in our study. The examinations were performed with GE bone-Lung X-ray equip-
ment using the Kodak Dry View CR. The examination was done by appointment 
in order to better prepare the patient, among other things to ensure the absence 
of contrast medium the days preceding the examination, to look for the history 
of allergy to consider a possible premedication, evacuation if necessary of the 
feces in the rectal bulb and the sigmoid by an evacuating enema. The technique 
used was either retrograde, anterograde urethrocystography or following intra-
venous urography depending on the patient's condition. The examination starts 
with the taking of x-ray picture without injection of contrast medium, during 
injection of contrast medium, during urination and after urination, all in strict 
respect of the asepsis. The interpretation was performed by a radiologist with at 
least five years of experience. The variables studied were age, clinic, antecedents, 
technic and results of urethrocystography. The data was collected using a pre-
viously established data sheet and processed with Sphinx Plus2 V5 and Micro-
soft Excel 2010 software. 

3. Results 
3.1. Epidemiological and Clinical Characteristics 

The study included 39 patients aged 4 to 76 years, with an average of 43.8 years. 
The age groups 50 - 60 years (31%), 30 - 40 (23.07%) years and over 60 years 
(23.07%) were the most affected (Figure 1). Shepherds (23%), drivers (23%), 
administrators (15.3%), soldiers (15.3%) and students (15.3%) were the most 
represented socio-professional categories. 

Dysuria (69.23%), urinary flow reduction (15.4%) and droplet urination 
(15.4%) were the most common clinical manifestations (Table 1). The etiologies 
observed were infection (53.9%), trauma (23.1%), iatrogenic (8%), in 15% of 
cases the etiology was not known (Figure 2). 

Urologists (54%), surgeons (38%) and general practitioners (8%) were the 
main prescribers for urethrocystography. 

3.2. Radiological Aspects 

Urethrocystography (UCG) performed was retrograde (61.53%), following  
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Figure 1. Distribution of patients by age group. 

 
Table 1. Distribution of indications. 

Patient’s complaint Frequency Percentage (%) 

Dysuria 27 69.23 

Urinary flow reduction 6 15.4 

Droplet urination 6 15.4 

Urinary incontinence with intermittent  
urinary retention antecedent 

3 7.7 

Suspicion of urethral fistula 3 7.7 

Urinary retention 3 7.7 

Rupture of the urethra following road accident 3 7.7 

 

 
Figure 2. Urethral stricture etiology. 

 
intravenous urography (15.38%), retrograde and antegrade (15.38%) and ante-
grade (7.7%). The main difficulties encountered during urethrocystography were 
difficult urination in 20 (76.9%) patients and an impassable urethral meatus in 2 
(7.7%) patients, the incidents observed during the examinations were essentially 
minimal bleeding (46.2%). Stricture (84.61%) accounted for most of the lesions 
observed, associated with bladder diverticula (23%) and fistulas (15.3%). 15.3% 
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of examinations were normal (Table 2). 
Table 3 presents the radiological patterns of urethral stenosis, the most com-

mon location was the membranous urethra (81.1%), followed by the bulbar (9%) 
and penis urethra (9%), the stenosis was short (≤20 mm) in 66.7% and long (>20 
mm) in 33.3%, it was loosely tightened in 18.1%, tight in 45.4% and complete in 
36.3%, single in 81.1% and multiple in 18.9%. 

Figure 3 is an oblique incidence of retrograde urethrocystography in a patient 
with dysuria for several months, showing a double stenosis respectively of the 
membranous urethra, which is tight and long, of the bulbar urethra, which is 
short and loosely tightened. 

Figure 4 shows an oblique incidence of retrograde urethrocystography de-
monstrating a single stenosis of the bulbar urethra, which tight and long, asso-
ciated with large diverticula of the bladder. 

4. Discussion 
4.1. Sociodemographic and Clinical Characteristics 

The stenosis of the urethra reached all age categories (4 to 76 years) in our series  
 

Table 2. Distribution of UCG results. 

UCG results Frequency Percentage (%) 

Stricture 18 46.1 

Stricture + diverticula 9 23 

Stricture + fistula 6 15.3 

Normal exam 6 15.3 

Total 39 100 

 
Table 3. Radiological aspect of stricture. 

Radiological aspects of stricture Frequency Percentage (%) 

Seat of striture:   

• Penis urethra 3 9 

• Bulbar 3 9 

• Membranous 27 81.1 

Length:   

• ≤20 mm 22 66.7 

• >20 mm 11 33.3 

Type:   

• Little tight 6 18.1 

• Tight 15 45.4 

• Complete 12 36.3 

Number:   

• Single 27 81.1 

• Multiple (three) 6 18.1 
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Figure 3. Membranous urethral (black arrow) and bulbar stricture (black arrow). 

 

 
Figure 4. Bulbar urethral stricture (arrow) bladder diverticula (circle). 

 
with an average age of 43.8 years, however the age group most concerned was 
that of 50 - 60 years. Some authors have found an average age of 40 years with 
extremes of 9 and 78 years, averages between 25 and 55 years and extremes of 
0.06 and 90 years [5] [6] [7] [8]. All these studies showed that stenosis appeared 
at any age, but was mostly a disease of young adults between 30 and 50 years of 
age. Shepherds and drivers were the most represented profession in our series 
with a frequency of 23.1%. This is explained by the precarious situation of 
shepherds and some drivers who by shame or lack of funds avoid urological 
consultation and prefer to use the care of traditional healers and sometimes un-
qualified health workers. This has a tendency to aggravate this pathology with a 
reduction in the size of the urethra, hence the presence of dysuria, which was the 
main reason for consultation found in our study, for about 69.23%. This is a 
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major telltale sign of urethral stricture which may be insidious [9]. It represented 
55%, 58.6% and 88.9% in the respective studies of Djé et al. in Côte d'Ivoire, Di-
akhité and al, Ouattara et al. in Mali [9] [10] [11]. This is a difficulty in urination 
in connection with a decrease of the urethral canal, whose etiologies are variable. 
These etiologies are dominated by infections in our series (53.9%) followed by 
trauma (23.1%) but also in those of Ahmed and al, Djéet al. which reported 
66.5% and 87% infectious respectively [9] [12]. According to Ngaroua and al, 
these results could be explained by the frequency of urogenital infections in 
tropical environments, but also the low socioeconomic level of the population, 
self-medication, multiple road accidents and late consultations [13]. In contrast 
to the southern countries, the etiology of urethral stenosis in developed coun-
tries has become iatrogenic due to the development of endoscopic maneuvers 
[10]. In our context the iatrogenic cause is poorly represented with about 8% 
and is due to repeated bladder catheterization, the insufficiency in the training of 
the personnel involved in the realization of these gestures increases the frequen-
cy of occurrence of the urethral stenosis [13] [14] [15]. About 15% of the ste-
noses were of unknown origin, according to Seydou S. and Coulibaly these 
strictures would be stenoses of meatus, probably due to bullous affections af-
fecting the glans or to sclerotrophic lichens [14]. The management of this pa-
thology was mainly performed by urologists in 53.9% followed by general 
surgeons 38.5%, In fact the urologist who is a specialist in urinary pathologies is 
at the forefront of the management of patients who are suspected of stenosis of 
the urethra. 

4.2. Radiological Aspects 

Retrograde urethrocystography (61.53%) was the most common technic. Per-
formed under satisfactory technical conditions, it gives excellent results hig-
hlighting the narrowing, allow to measure its extent, and especially to assess the 
importance of lesions of peri urethral spongy body, but however it has limita-
tions due to the variation in position and traction of the penis that can greatly 
change the appearance of stenotic areas [16] [17]. Of the 39 urethrocystograms 
performed, 33 (84.7%) had stenosis and 6 (15.3%) were normal. This could be 
explained by the fact that the majority of our patients were consulted by the 
urologists who are the specialists of these diseases and who pose well the indica-
tion of these examinations. The analysis of the radiological features of strictures 
found in patients revealed that they were unique in 81.1% of cases, which is con-
sistent with the results obtained in the Ndémanga Kamoune and Benjelloun se-
ries [5] [18]. On the other hand, Ahmed Ahidjo et al. and Ouattara reported a 
marked predominance of multiple forms in respective proportions of 85%, 
68.9% and 53.5% [10] [12] [19]. Urethral narrowing affects the different parts of 
the urethra [12]. In our study, the most common site was membranous, 81.1%. 
These data are different from those found by the work of Ndemanga and al, 
Musau and al, for whom the preferred site is the urethral bulb, because of the 
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predominant inflammatory etiology, the numerous para-urethral glands at the 
level of the bulb favor infection in this site and subsequent stenosis [5] [20]. In 
our series, these stenoses were tight (45.5%) and very tight (36.3%). KHLIL Sara 
in her study on post-traumatic stenosis had found that the stenosis of the ureth-
ra was complete in 60% of cases and partial in 40% of cases [21], the infectious 
etiology (53.9%) was dominant in our context, which would explain the fact that 
stenoses are partial. The length of these strictures varied from 0.7 to 2 cm 
(66.7%) and from 2.4 to 2.7 cm (33.3%), which corroborates the results of Mou-
kine Billah who had found a predominance of short stenosis (58.33%) [22] and 
Ahmed Ahidjo et al. who observed in their study that stenosis lengths ranged 
from 2 to 25 mm in 74.3% of cases [12] [19]. These stenoses were associated with 
bladder diverticula (23%) and fistulas (15.3%), which corroborates the study of 
Ahmed Ahidjo et al. who reported as a pathological association to stenosis, di-
verticula, fistulas, stones and vesico ureteral reflux [19]. 84.6% of our patients 
had a post-voiding residue that could have a longer-term impact on the upper 
urinary tract with a risk of obstructive renal failure, hence, the need for manual 
emptying of the bladder of patients with significant post-voiding residue. 

Some limitations were however encountered during this study, including the 
fact that we have not studied the therapeutic aspects or even the follow-up of the 
patients; we did not evaluate the complications of this pathology especially on 
the upper urinary system. 

5. Conclusion 

The urethral stenosis in the male subject in Ngaoundere mainly affects the young 
adult, manifested clinically by dysuria and weakness of the urinary stream; its 
main etiology is infectious. Diagnosis arises only by urethrocystography; the 
membranous urethra is the site of choice, tight type, short and unique in most 
cases. The main complications are bladder diverticula and urethral fistulas. Fo-
cusing on the prevention of sexually transmitted infections would help to reduce 
the extent of this pathology in our context with its functional consequences and 
their impact on the socio-professional life. 
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Abstract 
Background: Medical applications are the main source of exposure to ionizing 
radiation of human origin. Our objective was to determine the data on expo-
sure to ionizing radiation of medical origin of the population of Ngaoundéré in 
2018. Methodology: It was a cross-sectional descriptive study conducted with-
in a period of one year, in the different hospitals of Ngaoundéré, with a func-
tional medical imaging service. The variables studied were age, sex, type of 
examination, anatomical region and effective dose. The statistical analysis was 
performed using the Microsoft Office 2016 software, Sphinx V5; the effective 
dosage was calculated using the Internet Dose calculation Module. Results: 
In 2018, 4136 diagnostic acts using ionizing radiation were carried out; it 
concerned only conventional radiology with an average of 0.02 per capita. 
The total collective dose received by the population was 8300 mSv, and an 
average dose of 0.040 mSv per inhabitant. The proportion of the population 
that has actually benefited from a conventional radiology examination is 
2.07%, an individual effective average dose of 2 mSv. The most frequent acts 
involved the thorax, limbs, spine and pelvis with respectively 53.9%; 19.6%; 
14.3% and 6.7%. Acts involving the spine, pelvis and hip, skull and abdomen 
contributed to the majority of the collective effective dose respectively with 
45.75%, 25.96%, 10.53% and 8.84%. The age group performing most exams in 
men is 25 to 49 and 25 to 54 in women; the number of acts is higher among 
men 2457 (59.4%) acts compared to women 1679 (40.6%) acts. The collective 
dose per sex is higher among women with 4487.22 mSv (54.06%) compared 
to men with 3812.98 mSv (45.94%). Conclusion: Only 2.07% of population of 
Ngaoundere benefited from a conventional radiology examination in 2018 
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with an individual effective average dose of 2 mSv. The annual per capita 
number of acts is 0.02 and annual per capita effective dose is 0.040 mSv in 
Ngaoundéré in 2018. 
 

Keywords 
Exposure, Ionizing Radiation, Conventional Radiology, City of Ngaoundéré, 
2018 

 

1. Introduction 

Medical applications are by far the largest source of exposure to ionizing radia-
tion of human origin. Thus, diagnostic procedures account for more than 97% of 
artificial exposure and nearly 26% of total exposure of the population [1]. This 
exposure leads to absorption by the subject in contact with a dose likely to in-
duce harmful biological effects on the body which are of two types, the so-called 
deterministic short-term effects directly related to cellular lesions for which a 
threshold of appearance has been defined and the so-called stochastic long-term 
or random effects which are dominated by cancers and genetic anomalies and 
can develop from few hours to several years [1]. It would therefore be important 
to regularly estimate this medical exposure and analyze its evolution over time. 
A recent publication on the exposure of the population to ionizing radiation in 
the United States points out that medical exposure per year and per individual 
has increased six-fold, since the 1980s [2]. Directive 97/43/Euratom [3] states in 
Article 12 on the estimation of doses received by the public: “Member States 
shall ensure that the distribution of individual doses generated by exposures for 
medical purposes is determined for the population and for the reference groups 
concerning it, depending on whether the Member States deem it necessary”. The 
current revision of Directive 96/29/Euratom [4] on basic radiation protection 
standards should introduce an additional requirement: “Member States shall 
ensure that the distribution of individual doses due to medical exposure is de-
termined and takes into account the age and sex distribution of the exposed 
population”. 

In recent years, many actions, both at European and American level, have 
been initiated in order to harmonize methods of collecting information and thus 
to have reliable indicators on the medical exposure of the population. 

This is the case of the European Union’s Dose Datamed project (2005-2007) 
which led to the publication of the report “radiation protection No. 154: Euro-
pean guidance on estimating population doses from medical x-ray procedures 
(2008)” [5] and the “International action plan for the radiological protection of 
patients” action plan led by the International Atomic Energy Agency (IAEA). 
Great Britain is undoubtedly the country that has done the most in this field be-
cause; in the late eighties, the National Radiological Protection Board (NRPB) 
set up a national system of dose evaluation. By type of examination based on 
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measurement campaigns conducted by a sentinel network of hospital services. 
Other countries, such as the Netherlands, Switzerland or Norway, also rely on 
annual activity data from all or some hospitals. For several years now, the fleet of 
heavy imaging equipment has expanded in Cameroon, with the creation of mul-
tiple imaging centers for public and private purposes therefore, an increase in 
examinations and protocols, with the result of irradiation of the population. 
However, the global exposure of the population to ionizing radiation of medical 
origin has never been evaluated in our country in general and in Ngaoundere in 
particular despite the creation of the National Radiation Protection Agency in 
2002 with the primary mission of protecting people, goods and the environment 
against ionizing radiation [6]. 

It is also responsible for the dosimetry of patients, professionals, the public, 
the environment in the imaging services. This is why it is necessary to set up a 
long-term system to monitor practices both from the point of view of the know-
ledge of the nature, the frequency and the distribution of examinations in the 
population, then from the point of view of doses given to patients during these 
examinations. Thus, we proposed to conduct this pilot study to evaluate the 
medical exposure of the population of Ngaoundéré to ionizing radiation of 
medical origin in 2018, which could be the start point for monitoring these pop-
ulations. 

2. Method 

The study was carried out in the two Hospitals with medical imaging depart-
ments equipped with ionizing radiation equipment in the city of Ngaoundéré, 
namely the medical imaging department of the Regional Hospital and clinic the 
Patience. This was a descriptive cross-sectional study, conducted within a period 
of one year, from January to December 2018, including all patients coming to 
perform a medical imaging examination, using ionizing radiation. The diagnos-
tic acts selected for the study were those of conventional radiology, which are the 
only ones currently performed in the city of Ngaoundere and grouped according 
to the anatomical zone explored. Finally, 25 areas were defined for this study. 
The variables studied were the frequencies of diagnostic procedures by anatom-
ical region, age, sex, examination required, anatomical region, indication of ex-
amination, irradiation parameters and irradiation dose. The collection took 
place in the imaging centers over a period of one year. The extrapolation of the 
results of the survey sample to the general population was based on data from 
the last census of the general population of Cameroon; which estimated the 
population of Ngaoundere at about 200,000 inhabitants. The study will therefore 
make it possible to estimate the population actually exposed to radio diagnostics 
in the public sector as well as in the private sector. In accordance with the rec-
ommendations of European Commission (EC) Report No. 154 [5], the dosime-
tric indicator used in this study to estimate the dose to the population related to 
medical exposure is the effective dose E (expressed in milli sievert, mSv) which is 
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an indicator of the risk of health detriment linked to individual exposure to io-
nizing radiation. Being a standardized indicator, it allows comparisons between 
different countries and study of the evolution of the exposure that results from 
this or that type of act over time. Effective doses were calculated using the con-
version factor values defined in ICRP Publication 60 [7]. From the number of Nt 
acts and the average effective dose associated with each type of act t, it is possible 
to calculate the collective effective dose S = ΣEt × Nt [8]. The annual average ef-
fective dose per inhabitant is obtained by dividing the collective effective dose S 
by the total population size for the year studied, whether or not exposed to io-
nizing radiation. The statistical analysis was carried out using the software 
sphinx V5, Excel 2016 and the effective dose was calculated from the Internet 
Dose calculation Module (MICADO) online software of the National Institute 
for Radioprotection and Nuclear Safety (NIRNS) of France. 

3. Results 

1) Total number of acts and collective effective dose for the population of 
Ngaoundéré in 2018 

It is estimated that 4136 diagnostic procedures were performed in Ngaoundéré 
from January to December 2018. Of the 4030 patients, of whom 2394 (59.4%) 
were men and 1636 (40.6%) women, the sex ratio was M/W of 1.5 (Figure 1) 
and an average act number of 0.02 per inhabitant, 2.07% of the population of 
Ngaoundere performed at least one conventional imaging examination in 2018, 
so 0.84% women and 1.22% of men. The mean age was 37 ± 19.25 years with 1 
month and 96 years extremes, the most represented age groups were 30 - 34 
years with 378 (9.13%) cases, 35 - 39 years with 298 (7.20%) cases, 25 - 29 years 
with 266 (6.43%) cases, 40 - 44 years with 216 (5.22%) cases, 45 - 49 years with 
214 (5.17 %) cases, and 20 - 24 years with 202 (4.88%) cases (Table 1). The age 
group performing the most examination in men is 25 - 49 years and 25 - 54 years 
in the women. 

2) Distribution of acts and collective effective dose by anatomical area 
explored 

The most frequent acts involved the thorax, limbs, spine and pelvis with re-
spectively 53.8%; 19.6%; 14.3% and 6.7 % (Table 2). The acts involving the spine  

 

 
Figure 1. Distribution of acts performed by sex. 
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Table 1. Distribution of number of acts performed by sex and age. 

Age group 
Sex 

Male Female Total 

0 - 1 16 (0.39%) 28 (0.68%) 44 (1.06%) 

1 - 8 50 (1.21%) 38 (0.92%) 88 (2.13%) 

5 - 9 44 (1.06%) 50 (1.21%) 94 (2.27%) 

10 - 14 64 (1.55%) 50 (1.21%) 114 (2.76%) 

15 - 19 72 (1.74%) 38 (0.92%) 110 (2.66%) 

20 - 24 140 (3.38%) 62 (1.50%) 202 (4.88%) 

25 - 29 172 (4.16%) 94 (2.27%) 266 (6.43%) 

30 - 34 252 (6.09%) 126 (3.05%) 378 (9.13%) 

35 - 39 176 (4.26%) 122 (2.95%) 298 (7.21%) 

40 - 44 154 (3.72%) 62 (1.50%) 216 (5.22%) 

45 - 49 138 (3.34%) 76 (1.84%) 214 (5.17%) 

50 - 54 76 (1.84%) 78 (1.89%) 154 (3.72%) 

55 - 59 82 (1.98%) 52 (1.26%) 134 (3.24%) 

60 - 64 100 (2.42%) 68 (1.64%) 168 (4.06%) 

65 - 69 40 (0.97%) 34 (0.82%) 74 (1.79%) 

70 - 74 40 (0.97%) 20 (0.48%) 60 (1.45%) 

75 - 79 10 (0.24%) 24 (0.68%) 38 (0.92%) 

80 - 84 18 (0.44%) 18 (0.44%) 36 (0.87%) 

85 - 89 12 (0.29%) 8 (0.19%) 20 (0.48%) 

90 - 94 6 (0.15%) 4 (0.10%) 10 (0.24%) 

95- 2 (0.05%) 2 (0.05%) 4 (0.1%) 

Unknown 792 (19.14%) 620 (14.99%) 1412 (34.14%) 

TOTAL 2457 (59.40%) 1679 (40.60%) 4136 (100%) 

 
(lumbar and cervical spine), pelvic (basin, hip and hysterosalpingography (HSG)), 
skull and abdomen (intravenous urography, barium enema (BE) and abdomen 
without preparation (AWP)) contributed to the majority of the collective effec-
tive dose with 45.75%, 25.96%, 10.53% and 8.84% respectively, the total effective 
dose S resulting from all the acts is equal to 8300 mSv (Table 3). 

3) The most frequent acts by sex and age 
Table 4 and Figures 2-6 present the distribution of examinations by anatom-

ical region and age group, it appears that chest and spine radiography is per-
formed at all ages with a predominance between 20 and 64 years whatever the 
sex, x-rays of limbs predominate between 1 and 69 years, pelvis between 20 and 
54 years old. Under 15 years old x-rays concerning the pelvis are rare and almost 
non-existent after 69 years, the same is true of x-rays of skulls that predominate 
between 20 and 39 years, beyond these age groups, they are nonexistent. We also 
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observe the following information in this table and these figures: The exposure 
of patients under five years is primarily in the chest region with 23.52% for 
males and 30.88% for females. For limbs, 29.41% males and 13.23% females, and 
skull 2.94% males and 0% females, no pelvic x-ray under five years. For children 
aged 5 to 20 years, irradiation affects the majority of limbs with 32.11% for males 
and 13.13% for females. For adults between 21 and 50 years old, this irradiation 
concerns all the most frequent acts. As early as the age of 50 years, radiation is 
predominant for thoracic, lumbar spine and pelvic examinations. Overall, x-rays 
are more common in males than females at any age. 

 
Table 2. Distribution of imaging by anatomical region and sex. 

Anatomical region 
Sex 

 
Male Female Total 

FOREARM 60 (1.45%) 28 (0.68%) 88 (2.13%) 

Limbs 
(19.6%) 

ARM 59 (1.43%) 48 (1.16%) 107 (2.58%) 

ELBOW 20 (0.48%) 10 (0.24%) 30 (0.72%) 

FEMUR 45 (1.08%) 28 (0.68%) 73 (1.78%) 

KNEE 93 (2.27%) 56 (1.35%) 149 (3.63%) 

ANKLE 58 (1.40%) 34 (0.82%) 92 (2.22%) 

LEG 105 (2.53%) 55 (1.32%) 161 (3.89%) 

HAND 27 (0.65%) 18 (0.44%) 45 (1.08%) 

FOOT 21 (0.50%) 17 (0.41%) 38 (0.91%) 

WRIST 17 (0.41%) 12 (0.29%) 29 (0.70%) 

AWP 36 (1.21%) 19 (0.68%) 55 (1.89%) 

BASIN 67 (0.39%) 45 (0.39%) 112 (2.77%) 
Pelvis 
(6.7%) 

HIP 66 (1.60%) 34 (0.82%) 100 (2.41%) 

HSG 0 68 (1.64%) 68 (1.64%) 

CLAVICLE 5 (0.12%) 3 (0.07%) 8 (0.19%) 

SKULL 51 (1.23%) 34 (0.82%) 85 (2.05%) 

BE 3 (0.07%) 5 (0.12%) 8 (0.19%) 

CERVICAL SPINE 32 (0.77%) 20 (0.48%) 52 (1.25%) 
Spine 

(14.3%) 
DORSAL SPINE 26 (0.63%) 18 (0.44%) 44 (1.06%) 

LUMBAR SPINE 238 (5.75%) 252 (6.09%) 490 (11.85%) 

CHEST 1348 (32.59%) 880 (21.28%) 2228 (53.87%) 

EGDT 2 (0.48%) 0 2 (0.48%) 

IVU 6 (0.14%) 3 (0.07%) 9 (0.21%) 

URETHROCYSTOGRAPHY 6 (0.14%) 0 6 (0.14%) 

SHOULDER 34 (0.83%) 23 (0.56%) 57 (1.37%) 

TOTAL 2457 (59.40%) 1679 (40.60%) 4136 (100%)  

AWP: Abdomen without preparation, HSG: Hysterosalpingography, BE: Barium enema, IVU: Intravenous 
urography, EGDT: Esophageal and gastro duodenal transit. 
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Table 3. Collective dose associated with each type of examination. 

EXAMS DOSE COLLECTIVE (mSv) Percentage 

FORE ARM 24.82 0.30% 

Limbs 
(1.65%) 

ARM 4.42 0.05% 

HAND 3.38 0.04% 

FOOT 5.56 0.07% 

WRIST 3.22 0.04% 

LEG 33.16 0.40% 

FEMUR 18.16 0.22% 

KNEE 26.02 0.31% 

ANKLE 13.36 0.16% 

ELBOW 4.72 0.06% 

CLAVICLE 13.6 0.16% 

HIP 520.58 6.27% 
Pelvis 

(25.96%) 
HSG 1147.62 13.83% 

BASIN 486.9 5.87% 

CERVICAL SPINE 352 4.24% 
Spine 

(45.75%) 
DORSAL SPINE 473.54 5.78% 

LUMBAR SPINE 2967.26 35.75% 

SHOULDER 138.24 1.67% 

URETHROCYSTOGRAPHY 74.96 0.90% 

EGDT 28.50 0.34% 

THORAX 346.56 4.18% 

IVU 344.66 4.15% 
Abdomen 
(8.84%) 

BE 254.12 3.06% 

AWP 134.98 1.63% 

SKULL 873.6 10.53% 

TOTAL 8300 100% 

AWP: Abdomen without preparation, HSG: Hysterosalpingography, BE: Barium enema IVU: Intravenous 
urography, EGDT: Esophageal and gastro duodenal transit. 

 
4) Average effective dose per inhabitant in Ngaoundere in 2018 
According to National Institute of Statistics (NIS) data, the population of 

Ngaoundere is about 200,000, which leads to an average collective effective dose 
of 0.04 mSv per capita in the general population. The individual average effective 
dose in 2018 for the population actually exposed (2.07% of the total population) 
is 2 mSv, according to sex 2.67 mSv in women and 1.55 mSv in men. The most 
irradiated age group ranges from 20 to 64 years with a dose of 4680.66 mSv 
(56.39%), the 30 - 34-year groups receive 896.76 mSv (10.80%) and 35 - 39 years 
706.7 mSv (8.51%) (Table 5 and Figure 7). The collective dose amount per sex is  
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Table 4. Distribution of the number of acts for the most frequent examinations by sex and age. 

Exams Sex 
Thorax Lumbar spine Limbs Pelvis Skull 

Male Female Male Female Male Female Male Female Male Female 

0 - 1 8 18 0 0 6 8 0 0 2 0 

1 - 4 24 24 0 0 34 10 0 0 2 0 

5 - 9 4 30 2 2 22 10 4 0 0 2 

10 - 14 24 16 2 2 32 12 0 4 4 0 

15 - 19 24 20 2 2 34 14 4 0 2 0 

20 - 24 70 24 14 6 40 8 4 8 10 8 

25 - 29 112 52 8 8 40 12 12 12 6 6 

30 - 34 190 62 20 18 40 10 6 14 6 0 

35 - 39 126 80 8 26 24 16 0 16 4 2 

40 - 44 108 30 16 12 20 10 6 2 2 0 

45 - 49 60 46 22 18 24 8 8 2 2 4 

50 - 54 44 48 8 6 18 8 10 2 0 2 

55 - 59 50 16 8 10 8 22 6 0 2 2 

60 - 64 54 34 6 12 18 4 10 6 0 0 

65 - 69 20 16 0 6 6 12 2 0 0 0 

70 - 74 22 16 10 4 6 0 2 2 0 0 

75 - 79 10 12 6 6 0 2 0 2 0 0 

80 - 84 18 18 2 0 0 0 2 2 2 2 

85 - 89 10 4 2 0 0 2 0 0 0 0 

90 - 94 6 4 2 0 0 0 0 0 0 0 

95- 0 2 0 0 0 0 0 0 0 0 

Empty 374 296 100 114 320 242 70 74 66 44 

Total 2228 868 490 252 924 410 280 146 182 72 

 

 
Figure 2. Distribution of the number of lumbar spine acts by age and sex. 
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Figure 3. Distribution of number of limbs acts by sex and age. 
 

 
Figure 4. Skull acts number distribution by age and sex. 

 

 
Figure 5. Distribution of the number of thorax acts by sex and age. 
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Figure 6. Distribution of number of pelvis acts by sex and age. 
 

Table 5. Distribution of collective effective dose by sex and age. 

Age group 
Dose (mSv) 

Total 
Male 

 
Female 

 
0 - 1 4.76 0.06% 7.06 0.09% 11.82 0.14% 

1 - 4 17.98 0.22% 8.3 0.1% 26.28 0.31% 

5 - 9 32.58 0.39% 17.02 0.21% 49.6 0.60% 

10 - 14 42.3 0.51% 109.66 1.32% 151.96 1.83% 

15 - 19 51.98 0.63% 28.44 0.34% 80.42 0.97% 

20 - 24 151.7 1.83% 317.18 3.82% 468.88 5.65% 

25 - 29 218.68 2.63% 365.78 4.41% 584.46 7.04% 

30 - 34 340.3 4.1% 556.46 6.70% 896.76 10.80% 

35 - 39 324.32 3.91% 382.38 4.61% 706.7 8.51% 

40 - 44 231.7 2.79% 198.16 2.39% 429.86 5.18% 

45 - 49 340.92 4.1% 243.66 2.94% 584.58 7.04% 

50 - 54 237.08 2.86% 100.32 1.21% 337.4 4.07% 

55 - 59 161.18 1.94% 135.38 1.63% 296.56 3.57% 

60 - 64 197.12 2.37% 178.34 2.15% 375.46 4.52% 

65 - 69 58.042 0.70% 27.82 0.34% 85.86 1.03% 

70 - 74 109.86 1.32% 38.02 0.46% 147.88 1.78% 

75 - 79 19.38 0.23% 96.06 1.16% 115.44 1.39% 

80 - 84 32.94 0.40% 30.7 0.37% 63.64 0.77% 

85 - 89 15.76 0.19% 0.98 0.012% 16.74 0.20% 

90 - 94 13.52 0.16% 0.50 0.01% 14.02 0.17% 

95- 29.94 0.36% 12.6 0.15% 42.54 0.51% 

Empty 1180 14.22% 1632.4 19.67% 2812.4 33.88% 

TOTAL 3812.96 45.94% 4487.22 54.06% 8300 100% 
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Figure 7. Distribution of collective effective dose by sex and age. 

 

 
Figure 8. Collective effective dose by sex. 

 
higher among women with 4487.20 mSv (54.06%) than men with 3812.98 mSv 
(45.94%) (Figure 8). 

4. Discussion 

1) Frequency of act 
The number of conventional radiology acts per anatomical region per 1000 

inhabitants in Ngaoundéré in 2018 is 20.68, which is lower than those achieved 
in France with 744 acts in 2007; Switzerland 762 acts in 1998; Norway 742 acts in 
2002; Germany with 1080 acts in 2003, Belgium with 1160 acts in 2001 and the 
United States with 1033 acts in 2006 [8]. Indeed, the development of medical 
imaging is recent in the city of Ngaoundere, many equipments are outdated, op-
erating intermittently. The high price of imaging exams relative to the average 
income of populations is a handicap to examinations. The low number of these 
examinations also makes it possible to limit the irradiation of the population. 
Imaging is varied across all anatomical regions with predominance of the thorax 
which accounts for more than half of the acts with 53.9% followed by limbs with 
19.6% and the lumbar spine with 11.85%. Specialized examinations are very rare, 
hysterosalpingography (HSG) is 1.64%, intravenous urography (IVU) 0.34%, ba-
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rium enema (BE) 0.29%, urethrocystography 0.15% and esophageal and gastro 
duodenal transit (EGDT) 0.05%.The high frequency of an act takes into account its 
involvement in the management of common pathologies, this is the case of chest 
x-ray whose involvement in the management of pulmonary, cardio-mediastinal 
and costal pathologies is no longer to demonstrate. In addition this examination 
is strongly realized within the framework of the pre employment visits, the sys-
tematic medical visits and even the visits before the registration in universities, 
the granting of a visa to travel in certain countries [9] which is not the case for 
examinations such as limbs, spine, skull whose indications are more specific and 
limited, often occurring in cases of trauma, pain and lameness. 

Our data are similar to those of France recorded in the National institute of 
Health and Medical Research report of 1994 [10] where the chest x-ray represents 
31%, followed by the spine of 8.3%. As for the specialized exams, their request is 
rather weak because of the absence in our city of the specialists being able to re-
quest these examinations; more over they are rather expensive. Chest x-rays are 
found at all ages, with the limbs predominantly 0 - 5 years old, the pelvis predo-
minating in adolescents up to 50 years, and the lumbar spine predominantly at 
the age of 50 years and more. The distribution of x-rays according to the age 
marries the pathologies which concern these age groups, the thoracic pathologies 
are found at all the ages, those of the limbs concern the children and the young 
adults, the pelvis and the lumbar spine mainly concern the adults. Our data cor-
roborate those of Switzerland [11] where x-rays in patients under five years 
mainly concern the thorax region, for children aged five years and above mainly 
limbs and joints, for adults under 50 years of age this radiation also mainly af-
fects limbs followed by the chest, from 50 years it is again the thorax that domi-
nates. 

2) Effective dose 
The amount of collective dose per sex is higher among women with a total of 

4487.22 mSv (54.06%) compared to men with a total of 3812.96 mSv (45.94%). 
Among the most irradiating examinations are the lumbar spine and the pelvis, 
these are examinations concerning thick areas and composed of very dense 
structures that require a significant load in terms of kilo voltage and milli am-
pere and therefore a high dose of radiation to cross them. The annual effective 
dose per inhabitant in Ngaoundere in 2018 of 0.04 mSv is lower than that of the 
United Kingdom with 0.41 mSv, Denmark 0.46 mSv excluding nuclear medicine, 
the Netherlands 0.52 mSv, Sweden 0.72 mSv, France in 2007 1.29 mSv, Norway 
1.15 mSv in 2002, Luxembourg 1.98 mSv in 2002, Belgium 1.97 mSv in 2001, 
Germany 1.76 mSv in 2003, United States 3 mSv in 2006 [8] and Switzerland 
1.07 mSv in 1998, 1.21 mSv in 2008 and 1.42 mSv in 2013 [11]. It should be 
noted that, the annual per capita effective dose in Ngaoundéré in 2018, equal to 
0.04 mSv, is lower than the European and American average values and to the 
natural irradiation which is 2.4 mSv [12]. This wide difference in dose can be 
explained by the presence of numerous radio diagnostic procedures including 
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CT and nuclear medicine and a wide range of protocols by modality in these 
countries and also the very high number of irradiating acts in these cities com-
pared to the city of Ngaoundere. In conventional radiology, the acts exposing the 
abdomen (Spine, IVU, BE and AWP), the pelvis (pelvis, hip and HSG) and the 
skull contribute mainly to the collective effective dose with respectively 48.83%, 
25.96% and 10.53% of the collective effective dose, which is the same with data 
from France 2007 [8] where the acts exposing the abdomen, the pelvis and the 
digestive tract contribute mainly to the collective dose with 41.5%, 29.8% and 
11.8% of the collective effective dose. These are exams for which a large amount 
of irradiation is used and the contrast examinations are dynamic, requiring mul-
tiple incidences. 

This is a pilot study that certainly has limitations, indeed this study concerns 
only the conventional radiography which is the only modality currently prac-
ticed in our city because the only scanner installed is non-functional, which can 
underestimate the dose radiation received by the population. This study is also 
performed in a single city so little representative. The lack of a system of auto-
matic collection of doses like Dosewach or PCXMA can also be a limit which has 
forced us to make a manual calculation of doses. This study has the merit to give 
the distribution of examinations by anatomical region, age and sex, it also gives 
an idea of the dose of radiation of medical origin received by the patients and the 
whole population, and this can be a basis for follow-up for this population. 

5. Conclusion 

At the end of this study, it appears that, the medical exposure to ionizing radia-
tion in Ngaoundere in 2018 is mainly done by conventional radiology; the total 
number of examinations is 4136, the average number of acts of 0.02 act per in-
habitant; the examinations are more frequently performed in men and the ir-
radiation is more important for women; the most affected age groups are those 
aged 25 to 49 years for men and 25 to 54 years for women. The most common 
examinations are the thorax, the limbs, the lumbar spine and the skull; the most 
radiating examinations are the lumbar spine, the abdomen and the pelvis. The 
collective effective dose is 8300 mSv with 4487.22 mSv in women and 3812.96 
mSv in men, an effective average dose per capita of 0.04 mSv well below Euro-
pean, US and natural irradiation values. The proportion of the population that 
has actually benefited from a conventional radiology examination is 2.07%, an 
individual effective average dose of 2 mSv per person. 
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Abstract 
Objectives: Osteoarticular pathology has benefited greatly from MRI. This 
modality was only recently introduced in our country and its implantation is still 
rare. The objective of this study was to evaluate the practice of MRI of osteoarti-
cular system in Douala General Hospital. Method: It was a cross-sectional de-
scriptive study during a five-month period from May to September 2017 in-
volving all patients referred to the Imaging Department of the Douala Gener-
al Hospital for osteoarticular MRI. All the patients were scanned using an 
open-sided mid-field MRI APERTO LUCENT (0.4 T) using axial, sagittal and 
coronal slices in T1-weighted, T2-weighted proton density. T1 gadolinium or 
water-fat saturation (WFS) slices were obtained after injection of a contrast 
agent (Dotarem). Collected data were analyzed using SPSS v20 and Microsoft 
Excel 2010 softwares. Results: 34 patients were enrolled in this study; os-
teoarticular MRI accounted for 12% of the activity behind MRI of the spine 
(40.4%) and the brain (42.5%). The mean age of patients was 37.6 ± 13.1 years 
with extremes between 6 and 61 years. There was male predominance with a 
sex ratio of 1.83. Trauma (44.2%) and pain (42.1%) were the most common 
indications. MRI of the lower limb (85.3%) and more particularly of the knee 
(68.9%) was more frequently performed than that of the upper limb (14.7%). 
Orthopedic surgeons (38.2%) and rheumatologists (26.5%) were the main re-
ferral physician. 73.5% of request’s forms did not conform to the eight com-
pliance criteria according to the recommendations of French National Agen-
cy for Accreditation and Health Evaluation. Most of the examinations 
(94.1%) were performed without the injection of contrast agent (Dotarem). 
97% of MRI was pathological. Traumatic pathologies (39.4%) were most fre-
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quent and concerned the knee (27.3%) and the ankle/feet (12.1%), followed 
by the degenerative pathologies (21.2%) which concerned the knee (18.2%) 
and hip joints (3%), inflammatory pathologies (12.1%) reaching the shoulder 
(9.1%) and wrist/hand (3%) while tumoral pathologies (6%) were reaching 
the knee (3%) and the leg (3%). Conclusion: The MRI of the osteoarticular 
system is quite common, ranking third after the MRI of the spine and the 
brain. This study showed that MRI has a significative impact on diagnosis of 
osteoarticular diseases whit a concordance of 97% with clinic. 
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1. Introduction 

The osteo-articular system corresponds to all the anatomical structures that 
support the human body. It includes bone skeleton, joints and muscles. It is a 
system that is permanently exposed to different pathologies. In addition to the 
natural wear that can cause pain and impotence, traumatic, inflammatory and 
tumoral lesions can affect the musculoskeletal system [1] [2] [3]. MRI has now 
become the gold standard for the study of osteoarticular pathology and is the 
second indication after that of the central nervous system [1]. Although mag-
netic resonance imaging (MRI) has been used initially for clinical problems 
other than those affecting the osteoarticular apparatus, it is now routinely used 
for imaging bone, joint and soft tissue lesions [4] [5] [6] [7]. Plain X-ray re-
mains the most widely used technique in the world and in some resource-poor 
countries they remain the only means of exploration for the majority of bone 
lesions. Thus X-rays, and often ultrasound, are practiced beforehand, which is 
why MRI is in most cases “the first technique of second intention”. Several 
authors have demonstrated the interest and sensitivity of MRI in the assess-
ment of trauma and osteoarticular tumoral lesions [8] [9] [10]. In Cameroon, 
there is not yet a study that has been done on the use of such a technique in 
osteoarticular pathologies. However the MRI is not yet popularized and is still 
taking its first steps in our country where availability is scarce. Because of its 
recent introduction in our country, we conducted this study to evaluate the 
practice of MRI of osteoarticular system in the Douala General Hospital and to 
identify local specificities. 

2. Method 

It was a cross-sectional descriptive study, carried out at the Department of Radi-
ology of the Douala General Hospital (HGD) between May and September 2017. 
Were included in this study any patient presenting at the General Hospital of 
Douala for MRI of any part of the osteoarticular system, who do not present 
contraindications to this examination and who freely consents to participate in 
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this study. Patients with contraindications to MRI were excluded from this study 
as were those who declined to participate in the study. The conformity of MRI 
request was analyzed by checking the elements of conformity of the request 
(Table 1) according to the recommendations of French National Agency for 
Accreditation and Health Evaluation (NAAHE). 

Previous medical imaging examinations were also checked. All the patients 
were scanned using an open-sided mid-field MRI APERTO LUCENT (0.4 T). 
After the preparation of the patient (explanation, verification of history of aller-
gic reactions, removal of all metal items, wearing of a hospital gown), they were 
examined with the following protocol: After a tracking sequence in all 3 plans, to 
ensure correct positioning of slices, axial, sagittal and coronal slices in T1-weighted, 
T2-weighted and proton density images were obtained. When needed, T1 gado-
linium or water-fat saturation (WFS) slices were obtained after injection of 0.1 
ml/kg of a contrast agent (Dotarem). The interpretation was performed by a ra-
diologist and the result exploited as part of this study. The data was collected 
using a data fact sheet previously prepared and processed with SPSS v20 and 
Microsoft Excel 2010 software. 

3. Results 

During the study period, 34 osteoarticular MRIs were performed, representing 
12% of the overall activity, behind the spine MRI (40.4%) and the brain (42.5%). 
• Patient profile 

Our sample consisted of 12 women and 22 men, a sex ratio of 1.83. The aver-
age age was 37.6 ± 13.1 with extremes between 6 and 61 years. Figure 1 shows 
that the most represented age groups were those aged 30 - 39 and 40 - 49 years 
with 29.4% and 26.4%, respectively. 
• Exam data 

The lower limbs (85.3%) were more explored with a predominance of the knee 
at 58.8% of cases (Table 2) followed by hip joints, ankle and foot with 11.8% each. 

 
Table 1. Elements of conformity of the request (NAAHE). 

Elements of conformity of the request 

Administrative criteria 

- Request date 

- Service applicant 

- Identification of referring physician 

- Patient’s identification 

- Patient’s date of birth or age 

Clinical criteria 

- Anatomical explored region 

- Exam indication (clinical history) 

- Finality of the examination (diagnostic impression) 
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Figure 1. Distribution of patients by age. 

 
Table 2. Distribution of patients by explored parts. 

Explored part Frequency Percentage (%) 

Knee 20 58.8 

Hip joints 4 11.8 

Ankle and foot 4 11.8 

Shoulder 3 8.8 

Elbow 1 2.9 

Leg 1 2.9 

Wrist and hand 1 2.9 

Total 34 100 

 
Trauma (44.1%) and pain (41.2%) were the common indications (Table 3). 

Orthopedic surgeons (38.2%) and rheumatologists (26.5%) were the main re-
ferral physician. 73.5% of request’s forms were not conform to the eight com-
pliance criteria according to the recommendations of French National Agency 
for Accreditation and Health Evaluation. Standard radiography (79.4%) was the 
most common previous examination followed by ultrasound with 11.7% and CT 
scan with 2.9%. 

Most of the examinations (94.1%) were performed without the injection of 
contrast agent (Dotarem). 

Concerning results, of 34 MRIs performed, 33 were abnormal corresponding 
to 97%. One patient had multiple lesions at a time, traumatic pathologies (85.29%) 
were most frequent and concerned the knee (44.11%) and the ankle/feet (14.70%), 
followed by the degenerative pathologies (35.29%) which concerned the knee 
(20.58%) and hip joints (8.82%), inflammatory pathologies (35.29%) reaching the 
shoulder (11.76%) and wrist/hand (2.94%) while tumoral pathologies (17.64%) 
were reaching the ankle/foot (11.76%) (Table 4). Other pathologies accounted 
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for 26.47%. 
The predominant lesions were articular fluid effusion (26.4%) followed by 

contusion (17.6%), cartilaginous degenerations (17.6%), cysts (17.6%), meniscal 
rift (14.7%) and tendinopathy (14.7%) (Table 5). 
• Images 

Figures 2-5 show examples of anomalies encountered so Figure 2 shows 
fracture of tibial metaphysis and small effusion in the ankle joint, Figure 3 shows 
knee effusion and cyst of distal femoral metaphysis, Figure 4 shows glenoid bursitis 
and effusion, Figure 5 shows an encysted hematoma with central calcification and 
fatty infiltration of the muscles of the posterior compartment of the leg. 

4. Discussion 

Osteoarticular MRI accounted for 12% of overall activity, behind spine MRI 
(40.4%) and brain (42.5%). According to the High Authority of Health in 
France(HAH), in 2009 the bone and joint MRI accounted for 40% of overall ac-
tivity in France, 25% in Canada and Belgium, 24% in the USA, 10% in Austria, 
and 8% in Germany [8]. This is a relatively frequent exam. Ould Beddi in 2006 
had found 6.4% [9]. In our study, knee MRI represents 7.2% of overall activity, 
which is similar to that of Adjenou et al. 2011 who found 7% [10]. The osteo ar-
ticular MRI both in our country and elsewhere occupies an important place. 
 
Table 3. Distribution of patients according to Exams indications. 

Indications Frequency Percentage (%) 

Traumatism 15 44.1 

Articular pain 14 41.2 

Not mentioned 2 5.9 

Swelling 2 5.9 

Ulnar tunnel syndrom 1 2.9 

Total 34 100 

 
Table 4. Distribution of patients by groups of pathologies. 

Pathology Region Traumatic Degenerative Inflammatory Tumoral Other 

Shoulder 1 (2.94%) 1 (2.94%) 4 (11,76%) 0 0 

Elbow 1 (2.94%) 1 (2.94%) 1 (2.94%) 0 1 (2.94%) 

Wrist/hand 1 (2.94%) 0 1 (2.94%) 0 1 (2.94%) 

Hip joints 3 (8.82%) 3 (8.82%) 2 (5.88%) 0 4 (11.76%) 

Knee 15 (44.11%) 7 (20.58%) 3 (8.82%) 1 (2.94%) 3 (8.82%) 

Leg 3 (8.82%) 0 0 1 (2.94%) 0 

Ankle/foot 5 (14.70%) 0 1 (2.94%) 4 (11.76%) 0 

Total 29 (85.29%) 12 (35.29%) 12 (35.29%) 6 (17.64%) 9 (26.47%) 
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Table 5. Distribution of patients by Identified lesions. 

Identified lesion Frequency Percentage (%) 

Traumatic lesion   

- Articular fluid effusion 9 26.4 

- Fracture 4 11.7 

- Contusion 6 17.6 

- Hematoma 2 5.8 

- Rift of posterio cruciate ligament 1 2.9 

- Rupture of tendon 2 5.8 

- Meniscal rift 5 14.7 

Inflamatory lesion   

- Tendinopathy 5 14.7 

- Bursitis 4 11.7 

- Osteochondritis 3 8.8 

Degenerative lesion   

- Cartilage degeneration 6 17.6 

- Coxo-femoral remodeling 1 2.9 

- Epiphysiolysis 1 2.9 

- Avascular necrosis of the femoral head 1 2.9 

- Meniscal degenerative process 3 8.8 

Tumoral lesion 6 17.6 

Other lesion   

- Cyst 6 17.6 

- Ulnar tunnel syndrom 1 2.9 

- Intra articulr foreign body 1 2.9 

- Algodystrophy 1 2.9 

Normal exam 1 2.9 

 

 
Figure 2. Fracture (blue arrow) of tibial metaphysis and a small effusion (red arrow) on 
Sag T2 W image of the ankle. 
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Figure 3. Joint effusion (blue arrow) and a cyst of the femoral metaphysis (red circle) on 
Sag T2 W image of the knee. 

 

 
Figure 4. Glenoid bursitis with effusion (red arrow) on Axial T2 W image of shoulder. 

 

 
Figure 5. An encysted hematoma with central calcification and fatty infiltration (red cir-
cle) on a frontal T2 W of the muscles of the posterior compartment of leg. 
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• Epidemiological profile 
There was a male predominance with a sex ratio of 1.83. This could be ex-

plained by the high rate of trauma in our study that affected more men than 
women [11]. This rate is slightly higher than those found by Adjenou et al., 
Douira et al. who found a sex ratio of 1.7 and 1.6 respectively [10] [12]. Our 
study population was aged of 6 to 61 years with an average age of 37.6 years. 
This is the age group where the activity is greater exposing populations to trau-
ma and wear that reaches the osteoarticular system. These results are close to 
those of Mrabti et al., who had an average age of 40 years [13]. Indeed, osteoar-
ticular pathologies occur at any age. However, it mostly reaches people over 40 
years, because the majority of osteo-articular disorders appear with age as is the 
case of degenerative diseases [14]. 
• Exam data 

MRI examinations of the lower limbs (85.3%) and more particularly the knee 
(58.9%) were more frequent than those of the upper limbs (14.7%). This finding 
was also made by the French High Authority of Health (HAH) who found that 
the exploration of the lower limbs (and in particular the knee) was four times 
more frequent than the upper limbs [8]. The French Regional Health Agency 
(RHA) reported the proportions of 31% against 5% of the acts respectively for 
the lower and upper limbs [14]. This can be explained by the fact that the lower 
limbs support the entire weight of the body and are subject to exceptional forces 
during sports activities such as running, jumping, football, basketball and which 
may be more affected by different pathologies. 

The main indications in our study were trauma (44.1%) and pain (41.2%). 
The French High Authority of Health (HAH) had classified MRI indications of 
limbs into three groups; the first concerns pains with normal radiographs or lit-
tle contributory, the second group mentions trauma and finally particular indi-
cations in the case of rheumatoid arthritis, meniscal lesions and associated le-
sions of the anterior cruciate ligament of the knee in adults [8]. The prevalence 
of trauma is due to the young age of our population (82.2% under 50 years), ac-
cording to World health Organization (WHO), it is between 5 and 44 years that 
the rate of trauma is dominant as in our study [11]. As for the pain, it is a symp-
tom common to all the diseases and of which in general frequent. 

The majority of examinations in our study were requested by orthopedic 
surgeons (38.2%) and rheumatologists (26.5%). This is quite normal because of 
their specialty; they are more concerned with osteoarticular pathologies and 
moreover qualified for the accomplishment of such a task. According to the 
Guide for the Good Use of Imaging Examinations, MRI examinations are quali-
fied as specialized examinations, which should be requested by the specialists of 
the bodies concerned. Indeed, these are complex or expensive examinations that 
are performed only on the request of physicians with the required experience 
and clinical expertise to integrate the results of imaging for appropriate man-
agement of the patient [15]. This is why the request for this examination should 
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not suffer from any failure in terms of the review criteria. Paradoxically, 73.5% 
of the request’s forms did not conform to the eight compliance criteria according 
to the recommendations of French Society of Radiology (15). There was no indica-
tion in 20.6% of requests form, 52.9% of examinations had no purpose and 5.8% of 
examinations had no indication and no purpose. However, the indication is the 
key element of a request form in medical imaging, it is not only an element of 
justification but is also an essential parameter for technical choices and in the 
interpretation of the images by the radiologist. 
• Pathologies found 

Our study revealed that 97% of MRIs were pathological. These data are similar 
to those reported by Ould Beddi, Adjenou et al. who were respectively 100% and 
98% pathological MRI [9]. In contrast, Douira et al. found 86% pathological MRI 
[12]. The high frequency of pathological MRI can be explained by a good indica-
tion of this examination and by the high sensitivity and specificity of MRI in the 
exploration of the osteo articular system. This also reflects good agreement be-
tween the MRI and the clinic. 

The osteo-articular pathologies in our study were varied and diverse, charac-
terized by the predominance of traumatic (85.4%) and degenerative (35.29%) le-
sions. Inflammatory lesions were less frequent (35.29%) and tumor lesions 
(17.64%) were rare. The others lesions accounted for 26.47% of cases. Adjenou et 
al. in 2012 found 55% degenerative lesions, 41% traumatic lesions and 2% tu-
moral and congenital lesions each [10]. Douira et al. in 2004 found 35% of trau-
matic lesions, 22% of congenital anomalies, 16% of tumor lesions, 15% of infec-
tious lesions and 7% of inflammatory lesions [12]. Traumatic and degenerative 
lesions are therefore the most represented in all series. 

The knee (58.8%), hips joints, ankle and foot (11.8% each) were the most af-
fected. The traumatic lesions of knee were mainly represented by joint effusions 
with 26.4% and meniscal lesions (14.7%). Adjenou et al. found a predominance 
of meniscal lesions, followed by cartilaginous, bony and ligamentous lesions in 
76.2%, 50%, 47.6% and 33.3% of cases, respectively [10]. The high number of 
knee meniscal lesions in our study is due to the fact that 50% of patients had trau-
matic or post-traumatic knees. In the ankle and foot, lesions were represented by 
fractures (11.7%), contusion (17.6%), a case of Achilles tendon rupture and of 
fluid effusion that may occur during trauma [16]. 

The degenerative lesions (35.29%) preferentially affected the lower limbs and 
particularly the knee (20.58%) and the hip joint (8.82%). Abhishek et al. found 
in order of frequency the following locations: the fingers, the rachis, the knees, 
the hips and the first metacarpophalangeal joints [17]. Mannoni et al. in a study 
of an Italian population in 2003 over 65 years of age found a prevalence of 
29.8%, 14.9% and 7.7% respectively for the knee, hand and hip joint [18]. Our 
study revealed a predominance of patients over 40 years of age with a single case 
of a 17-year-old boy with secondary hip osteoarthritis. Indeed, the risk of occur-
rence of these pathologies increases with age, they usually reach adult subjects. 
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For many authors, these conditions occur in middle-aged or older people [18] 
[19]. 

Inflammatory lesions were present in shoulder, knee, hip joints and wrist/hand 
respectively in 11.76%, 8.82%, 5.88% and 2.94% of cases. They were diagnosed in 
the circumstances of pain (2 cases), swelling and trauma (one case each). Two 
cases of tendinitis and one case of glenoid bursitis were diagnosed at the shoul-
der level. A peri-tendinitis associated with a cyst was highlighted at the wrist and 
hand. The high frequency of tendinitis in the shoulder is also found in the lite-
rature and is due to the repetition of the gestures causing the tendon rubbing 
and to the poor blood supply of the tendon at this point [20] [21]. 

Tumor lesions were infrequent and localized mainly in the ankle/foot (11.76%), 
knees (2.94%) and hip joints (2.94%). MRI has established itself in the explora-
tion of soft tissue tumor lesions and aggressive bone lesions that may eventually 
correspond to a malignant tumor lesion. Although it rarely appears specific, it is 
very useful for studying the anatomical extension of these lesions and also for 
orienting the site of the biopsy. We had found a case of benign tumor (a muscular 
hemangioma) and a case of a tibial lesion of poorly limited contour located at the 
ankle, of uncertain diagnosis, which could evoke a bone tumor. Adjenou et al. re-
ported only one case of chondroblastoma [10]. The tumoral pathologies are gener-
ally rare. 

MRI was concordant with the clinic in 97% of cases with regard to the detec-
tion of lesions. MRI is a very sensitive technic for osteoarticular pathology, in-
deed the MRI-clinical agreement varies in the literature from 86% to 100% ac-
cording to the authors [7] [13] [21]. 

During this study, some limitations were encountered, including the lack of 
follow-up of patients, the therapeutic aspects were not considered, so we cannot 
talk about the future of patients. 

5. Conclusion 

Osteo-articular MRI is the third most performed MRI in our service behind MRI 
of spine and brain. This study showed that MRI has a significative impact on di-
agnosis of osteoarticular diseases with a concordance of 97% with clinic, making 
it a particularly valuable technique in osteoarticular pathology, allowing a quick 
start of a suitable therapy. Traumatic and degenerative pathologies were most 
frequent. 
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Abstract 
Background: Surgical treatment of upper mesocolic organs is improved by 
preoperative diagnosis of anatomical variants of celiac trunk. According to 
the literature, these anatomical variants are little known in sub-Saharan Afri-
ca. Purpose: To evaluate the prevalence of anatomical variants of celiac trunk in 
relation to its branching. Materials and methods: This was a cross-sectional 
study of descriptive type. It retrospectively evaluated 160 abdominal contrast 
enhanced CT-scan, from patients attending Yalgado OUEDRAOGO teaching 
hospital, from 1 January 2015 to 30 September 2016. Patients with a history of 
heavy abdominal surgery were excluded. Images obtained by 64-row CT-scan 
were analyzed for anatomical variants of the celiac trunk. Results: One hun-
dred and twenty-eight patients (80%) had a classic anatomical configuration 
of celiac trunk, while thirty-two (20%) had at least one anatomical variant. 
Two anatomical variants were found in fifteen patients (9.4%) while five oth-
er patients (3.1%) had more than two variants. The most frequent anatomical 
variant was the hepato-splenic bifurcation, found in fourteen patients (8, 8%). 
It was followed by common celiac and mesenteric trunk, and then collateral 
arteries, in particular left hepatic artery and right lower diaphragmatic artery, 
each with three patients (1.9%). Conclusion: Anatomical variants related to 
celiac trunk branching, are as frequent in our study as in the literature. How-
ever, the two most common anatomical variants were hepato-splenic bifurca-
tion and common celiac and mesenteric trunk. 
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1. Introduction 

Celiac trunk is the most important collateral of abdominal aorta with irrigation 
of vital upper mesocolic organs. It can be affected by thrombosis, extrinsic com-
pression or tumor invasion [1]. Surgical treatment of these pathologies is im-
proved by preoperative diagnosis of anatomical variants (AVs) of celiac trunk. 
For this purpose CT-angiography is now the gold standard examination, given 
its good resolution and ease of use [2] [3]. In the absence of an automatic injec-
tor, arterial phase of the manually injected abdominal CT-scan also allows celiac 
trunk study. Since the first description of celiac trunk trifurcation by Haller in 
1756 [4], several VAs have been described in nearly half in some populations [1]. 
More than the topography, the gauge or the path of celiac trunk, VAs focused on 
the mode of division into terminal branches. The most frequently encountered 
examples according to a recent study are: stomachic coronary artery of its own 
origin on the aorta associated with a common hepato-splenic trunk (4.4%), he-
pato-mesenteric and gastro-splenic trunks (2.6%), and common celiac and me-
senteric trunk (1.1%). Despite the increasing availability of contrast-enhanced ab-
dominal CT-scan and the relevance of celiac trunk’s AVs exploration, sub-Saharan 
literature has just a few studies on this topic. The purpose of our study was to 
evaluate the prevalence of celiac trunk’s AVs related to its branching, in our 
context and to compare it with that of previous studies. 

2. Materials and Method 

This was a single-center retrospective cross-sectional study conducted in the ra-
diology and medical imaging department of Yalgado Ouedraogo University 
Hospital, Burkina Faso, from January 1, 2015 to September 30, 2016. This was an 
exhaustive study of all patients who performed an enhanced abdominal CT-scan 
for several indications. Cases of vascular contusion, pancreatic or hepatic sur-
gery or any other heavy abdominal surgery were not included. Our sample in-
cluded 160 adult patients. All examinations were conducted on a Siemens So-
matom Emotion 64-slices machine. A non-contrast helicoidal acquisition was 
systematically performed from dome of diaphragms to the pubic symphysis.  

Subsequently, for lack of a functional automatic injector 80 to 120 ml of iodi-
nated contrast medium was performed manually. Two senior radiologists and a 
resident in diagnostic radiology reviewed every CT-scan file. This review was 
preceded by socio-demographic variable recording and multiplanar reforma-
tions, MIP, 3D reconstruction and manual segmentations with SYNGOVIA 
software. 

Data processing and analysis were done using Microsoft Word software, Mi-
crosoft Excel version 2013, Epi-Info 3.3.2 software. The Chi-square test was the 
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statistical test used for comparisons of variables in search of association. A value 
of p < 0.05 was considered significant 

3. Results 

Our sample consisted of 160 patients, including 93 men and 67 women. The 
sex-ratio was 1.4 with ages ranging from 18 to 80 years for an average of 45.9 
years. The most common age range was between 40 and 50 years as shown in 
Figure 1. The three most common indications for abdominal CT-scan were tu-
mour extension assessment, assessment of abdominal pain and assessment of 
abdominal mass as shown in Table 1. 

 

 
Figure 1. Histogram of patient distribution by age group (n = 160). 

 
Table 1. Distribution of patients according to the main indications of exams (n = 160). 

Exams indication Numbers Percentage 

Tumor extension report 52 32.5 

Assessment of abdominal pain 40 25 

Assessment of an abdominal mass 36 22.5 

Assessment of an abdominal trauma 14 8.7 

Assessment of an inflammatory pathology 8 5 

Edematous-ascites syndrome 6 3.8 

Assessment of cervical tuberculosis 3 1.8 

Assessment of a recurrent hernia 1 0.7 

Total 160 100 
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One hundred and twenty-eight patients (80%) had a classical anatomical con-
figuration of celiac trunk, while thirty-two (20%) had at least one AV. Two AVs 
were found in 15 patients (9.4%) while five other patients (3.1%) had more than 
two AVs. Bifurcation of celiac trunk was the most common type of AV with a 
total of 14 patients, including hepato-splenic bifurcation (Figure 2), with 12 pa-
tients (7.5%). The second type of bifurcation found was gastro-splenic with 1.3% 
(Figure 3). Collateral arteries were the second most frequent type of AVs with a  

 

 

Figure 2. Enhanced abdominal CT-scan showing on 3D reconstruction, a hepato-splenic bi-
furcation with a common hepatic artery (hollow arrow), a splenic artery (full arrow) and 
a stomachic coronary artery of inferior mesenteric artery origin (thin arrow). 

 

 

Figure 3. Enhanced abdominal CT-scan showing on 3D reconstruction, a gastro-splenic 
bifurcation with a stomachic coronary artery (hollow arrow), a splenic artery (full arrow) 
and a common hepatic artery (arrow head). 
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total of 9 patients or 5.6%. Of these, left hepatic artery (Figure 4) and lower right 
diaphragmatic artery were the most common with three patients each. Then 
common celiac and mesenteric trunk followed (Figure 5) with 5 patients. 

As for quadrifurcation, there were two types. One had a gastro-duodenal ar-
tery (Figure 6) and another had a right hepatic artery associated with a left he-
patic artery (Figure 7). One patient among the 3 carriers of a collateral corres-
ponding to a left hepatic artery presented two singularities: a trifurcation made  

 

 

Figure 4. Enhanced abdominal CT-scan showing on 3D reconstruction, a collateral left 
hepatic artery (arrow head), a splenic artery (thin arrow), a left gastric artery originating from 
the superior mesenteric artery (hollow arrow) and a right hepatic artery (hatched arrow). 

 

 

Figure 5. Enhanced abdominal CT-scan showing on 3D reconstruction a common celiac 
and mesenteric trunk (arrow). 
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Figure 6. Enhanced abdominal CT-scan showing on 3D reconstruction, a quadrifurca-
tion of celiac trunk, with a common hepatic artery (thin arrow), a stomachic coronary ar-
tery (hollow arrow), a splenic artery (thick arrow) and a gastro-duodenal artery (arrow 
head). 

 

 

Figure 7. MIP image of enhanced abdominal CT-scan, in frontal section showing a qua-
drifurcation of celiac trunk, with a right hepatic artery (short arrow), a left hepatic artery 
(“delta wing”), a stomachic coronary artery (arrow head) and a splenic artery (full arrow). 

 

of two right hepatic arteries and the splenic artery (Figure 8), a “pseudo-arc” of 
Buhler, stretched between the celiac trunk and the inferior mesenteric artery 
(Figure 9). Table 2 summarizes all the AVs encountered with their frequencies. 
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Figure 8. Enhanced abdominal CT-scan on 3D reconstruction showing two right hepatic 
arteries (arrow head and hollow arrow), a left hepatic artery of collateral disposition 
(thick arrow), a splenic artery (thin arrow) and a gastric artery originating from superior 
mesenteric artery (hatched arrow). 

 

 

Figure 9. Enhanced abdominal CT-scan on 3D reconstruction showing a “pseudo-arch” 
of Buhler indicated by a thin arrow whose proximal end is celiac (arrow head) and the 
distal end is inferior mesenteric (thick arrow). 
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Table 2. Distribution of patients according to the mode of division of celiac trunk (n = 
160). 

Celiac trunk type of branching Effectif (n) Percentage (%) 

Trifurcation 

Hepato-splenic bifurcation 

Gastro-splenic bifurcation 

Quadrifurcation GDA 

Quadrifurcation RHA/LHA 

Celio-mesenteric trunk 

Collateral right IDA 

Collateral left IDA 

Collateral single IDA 

Collateral left hepatic artery 

Collateral right hepatic artery 

No celiac trunk 

Total 

128 

12 

2 

1 

1 

5 

3 

1 

1 

3 

1 

2 

160 

80 

7.5 

1.3 

0.6 

0.6 

3.1 

1.9 

0.6 

0.6 

1.9 

0.6 

1.3 

100.0 

Captions: GDA: gastro-duodenal artery; RHA/LHA: right hepatic artery/left hepatic artery; IDA: inferior 
diaphragmatic artery. 

4. Discussion 

Origin of AVs of celiac trunk is related according to literature to embryogenesis. 
They result from persistence or abnormal regression of anastomoses between 
primitive arterial arches. 

Few African studies have been reported on AVs of celiac trunk. To the best of 
our knowledge, only four studies exist, and whole of them on anatomical dissec-
tion. The oldest one is from 2007 and comes from Kenya [5]. The next two other 
studies come from Nigeria and Tanzania [6] [7]. But only a Kenyan publication 
addressed the prevalence of AVs of celiac trunk in sub-Saharan Africa, hence the 
merit of our study. 

This study presents some shortcomings. Firstly, the size of our sample was 
modest. Secondly, our study was based on the arterial phase of abdominal CT-scan 
performed after manual injection of iodinated contrast medium. The images 
obtained by reformations, MIP and 3-D reconstructions seemed of lower quality 
compared to that of a “classical” abdominal CT-angiography. This is true in par-
ticular for the end portions of the branches of celiac trunk as well as for small ca-
liber arteries such as the stomachic coronary artery. However, the quality of the 
images was appropriate for a sufficient study of proximal AVs of the celiac 
trunk. 

In our series, the average age was 45.9 years with extremes of 18 and 80 years. 
This result was comparable to that of Ugurel’s [8] study of the Turkish popula-
tion in 2010. It reported an average age of 49 years with extremes of 10 and 85 
years. In contrast, in the anatomical series of Ferrari in Italy, the average age was 
60.3 ± 14.6 years [9]. 
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The frequency of AVs in relation to celiac trunk branching was not far from 
the values found in the literature. Celiac trunk trifurcation (Type I according to 
Dilli) accounted for 80% of our patients. The remaining 20% had at least one 
AV. Anatomical variant accounted for 21% in the Ugurel series in Turkey and 
38.3% in Mburu in Kenya. In contrast, Garima in India and Lezzi in Italy re-
ported higher prevalences; 72% and 79.6% respectively. Thus the prevalence of 
AVs of celiac trunk is very variable according to the populations surveyed. Such 
a difference could depend on genetic characteristics, and the exact definition of 
the criteria for analysis, and the degree of resolution of the images, and thus the 
exploration technique. Among patients with AVs, almost half had 2 variants. 

AVs with celiac trunk bifurcation were observed in 8.8% of cases. Chitra and 
petrella [10] [11] reported inferior results; respectively 6% and 5.6%. On the 
other hand a prevalence of 17% was even observed by Mburu whereas Tiwari 
noted 2% [12]. Our series observed two types of bifurcation of the celiac trunk. 
Hepato-splenic trunk is with 7.5% and the gastro-splenic trunk with 1.3%. 
Equivalent proportionality was reported in the Mburu series where hepa-
to-splenic and gastro-splenic trunks accounted for 8% and 3%, respectively. On 
the other hand, in the Ugurel and Surucu series [13], the bifurcation of celiac 
trunk with gastro-splenic artery was the most frequent type with 4.3% versus 4% 
for hepato-splenic trunk. Hepato-gastric bifurcation was not observed in our se-
ries. However, this type of bifurcation was reported in a proportion of 0.6% in 
Surucu series. 

In our series, celiac trunk gave collateral branches in 5.6% of cases. While 
Ugurel and Prakash [14] did not describe them in their studies, Chitra reported 
a prevalence of 54.0%. According to the literature, lower right diaphragmatic ar-
tery had a prevalence of between 4% and 8% in the general population. In our 
series, it was 1.9% and was one of the most common celiac trunk side branches. 
Mburu and Tiwari had found higher frequencies, with respectively 4.9% and 8%. 
In addition, this prevalence was very high according to an American series pub-
lished by Wadwa with 23% for right inferior diaphragmatic artery and 20% for 
left inferior diaphragmatic artery. 

Common celiac and mesenteric trunk occurred in 3.1% in our series instead 
of the 1.1% frequently encountered according to the literature. It should not be 
misunderstood in the preoperative assessment of the organs of the upper meso-
colic stage. 

Quadrifurcation of the terminal branches of celiac trunk accounted for 1.2% 
of the cases in this study. Marjeta [15] had a higher prevalence of 5.2%. In our 
series, the fourth branch consisted of either gastro-duodenal artery or right or 
left hepatic artery respectively in 0.6% of cases. While in the Marjeta series, the 
fourth branch of the celiac trunk was frequently constituted by dorsal pancreatic 
artery with 2.2%. In the same series, right inferior diaphragmatic artery, or mid-
dle colonic artery or accessory pancreatic artery accounted for 0.8%. 

Three anatomical features were found in a patient with a left hepatic artery’s  
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Table 3. Comparison of studies by type of division of celiac trunk. 

Auteurs Pop 
Trifurcation 

% 
Bifurcation 

% 
Collateral 

% 
Absent 

% 
Nbre 

Ugurel 

Mburu 

Chitra 

Tiwari 

Prakash 

Silveira 

Petrella 

Notre étude 

Turquie 

Kenyan 

Inde 

Inde 

Inde 

Brésil 

Brésil 

BF 

89.0 

61.8 

40.0 

84.0 

86.0 

85.7 

82.0 

80.0 

8.0 

17.9 

6.0 

2.0 

10.0 

9.5 

5.6 

8.8 

---- 

20.3 

54.0 

14.0 

---- 

4.8 

10.1 

5.6 

1.0 

---- 

---- 

---- 

4.0 

---- 

2.3 

1.2 

100 

123 

50 

50 

50 

21 

89 

160 

Captions: Nbre: Nombre, Pop: Population, BF: Burkina Faso. 
 

collateral, two right hepatic arteries and a Buhler “pseudo-arch” stretched be-
tween celiac trunk and inferior mesenteric artery. We are not aware of an earlier 
publication of such an association. 

Table 3, brings together elements of comparison of AVs related to the mode 
of division of celiac trunk between our study and seven others. 

5. Conclusion 

Anatomical variants related to celiac trunk branching, are as frequent in our 
study as in the literature. However, the prevalence of common celiac and me-
senteric trunk, was higher than previously accepted values. Three particular 
anatomical features were found in a patient with a left collateral hepatic artery, 
two right hepatic arteries and a Buhler “pseudo-arch” stretched between celiac 
trunk and inferior mesenteric artery. Interpretation of any contrast-enhanced ab-
dominal CT-scan as part of a preoperative assessment is an opportunity to screen 
anatomical variants of celiac trunk but also of the superior mesenteric artery. 
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