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Abstract 

A spontaneous portosystemic shunt is a rare malformation of the liver vessels. 
The etiology of these shunts is controversial. They can be divided into ac-
quired (most commonly associated with liver cirrhosis) and congenital. Vas-
cular shunts are asymptomatic in the majority of the patients, and when 
symptomatic were presented by severe complications. The specific way of 
management can be selected depended on whether the patient was sympto-
matic or not, and also on the size of the shunt, shunt ratio and whether it was 
associated with cancer. We will present a clinical case and discuss the impor-
tance of the radiological imaging in the screening, diagnosis and follow up of 
these anomalies. 
 

Keywords 

Intrahepatic Portosystemic Venous Shunt, Venous Shunt, Portal Vein,  
Ultrasound 

 

1. Introduction 

A spontaneous portosystemic shunt is a rare malformation of the hepatic vascu-
larization involving the arterial, portal or hepatic venous systems [1] [2].  

The etiology of these shunts is controversial. They can be divided into ac-
quired: associated with cirrhosis and/or hepatocellular carcinoma, related to 
traumatic injuries to the liver or interventional transhepatic procedures (includ-
ing liver biopsy, transhepatic cholangiography, or biliary surgery), congenital 
and idiopathic vascular malformations, as in hereditary hemorrhagic telangiec-
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tasia (Rendu-Osler-Weber syndrome) [1] [3] [4]. 
Congenital intrahepatic portosystemic venous shunt probably results from 

abnormal embryonic development by the fourth week of fetal life, by the persis-
tence of communications between the portal and vitelline venous systems [5] [6]. 

Radiological imaging plays a very important role in the screening, diagnosis 
and follow-up of these anomalies. Thus, through this clinical case, we will dis-
cuss the various radiological aspects of the intrahepatic shunts. 

2. Case Report 

Patient, male, 69 years old, accompanied in tertiary referral service in hepatology 
in the liver transplant row due to alcoholic liver cirrhosis. Asymptomatic, with 
laboratory tests only demonstrating a small elevation of alanine aminotransfe-
rase (was 69 U/L, reference ranges: 10 - 50 U/L) and aspartate aminotransferase 
(was 87, reference ranges: 15 - 45 U/L), he presents for the accomplishment of a 
total abdomen Doppler ultrasonography as a pre-transplantation routine. 

At the examination, the liver presented normal dimensions, with marked 
contours, heterogeneous parenchymal echogenicity and blunt edges, suggesting 
chronic diffuse liver disease (Figure 1 and Figure 2).  

There were signs of portal hypertension given by superior mesenteric veins, 
splenic veins and increased caliber portals. Hepatopetal flow of the splenic vein 
and portal is still observed. The portal vein maintained normal velocity and 
fasciculation, it was noticed a discreet periportal hyperechogenicity that could 
represent foci of fibrosis (Figures 3-6). 

Spleen with increased dimensions, preserved parenchymal echogenicity, pre-
senting collateral vessels in the splenic cord (Figure 7). 

In the hepatic vascularization, dilated right portal branches with increased 
flow and with shunt to the middle suprahepatic vein were observed, which pre-
sented dilation and flow pattern similar to that of the portal vein. The left portal 
branch showed normal caliber (Figure 8 and Figure 9). 
 

 
Figure 1. Left hepatic lobe measuring 7.5 cm. 
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Figure 2. Right hepatic lobe measuring 11.7 cm. 

 

 
Figure 3. Splenic vein measuring 1.5 cm. 

 

 
Figure 4. Splenic vein-hepatopetal flow. 

https://doi.org/10.4236/ojrad.2019.91001


H. L. Chaves et al. 
 

 

DOI: 10.4236/ojrad.2019.91001 4 Open Journal of Radiology 

 

 
Figure 5. Portal vein-velocity 29.1 cm/2 and fasciculation. 

 

 
Figure 6. Portal vein-measuring 1.9 cm. 

 

 
Figure 7. Perisplenic collateral vessels. 
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Figure 8. Dilated right portal branches. 

 

 
Figure 9. Intrahepatic portosystemic venous shunt-right portal branches to middle su-
prahepatic vein shunt. 
 

The left and right suprahepatic veins presented normal caliber, spectral pat-
tern and path and no signs of thrombosis. 

As the patient was asymptomatic, it was decided to keep an ambulatory fol-
low-up.  

The patient accepted a consent form to report his case. 

3. Discussion 

Portal to systemic venous communications are classified as intrahepatic or 
extrahepatic [1] [4].  

Extrahepatic shunts are more common, may be present in patients with portal 
hypertension due to cirrhosis and other causes, with the communications 
through collateral vessels. Intrahepatic shunts are less common and occur be-
tween intrahepatic portal veins and systemic veins [7] [8]. 

https://doi.org/10.4236/ojrad.2019.91001


H. L. Chaves et al. 
 

 

DOI: 10.4236/ojrad.2019.91001 6 Open Journal of Radiology 

 

The most common cause of intrahepatic shuntsiscirrhosis and hepatic tumors 
(like focal nodular hyperplasia and hepatocellular carcinoma). Its prevalence is 
unknown, varying in screening studies of patients with risk factors between 0.1% 
to 4.3% [1] [4]. Other tumor diseases such as Neurofibromatosis type 1 (NF1) 
has a well-known association with vascular anomalies such as stenoses and 
aneurysms. The pathogenesis of intrahepatic non-tumorous portosystemic shunts 
is controversial. Some authors believe them to be result of portal hypertension 
with varices caused by liver disease or infections [3] [8], theoretically, the 
shunting of blood from the portal vein to the inferior vena cava may help to de-
crease portal pressure [2]. Other causes are post-traumatic and iatrogenic [3] [8]. 

The authors who theorize the congenital cause, owing to persistent vitelline 
veins and the sinus venosus [4] [5] [6]. During embryologic development, the 
right umbilical vein involutes and the left umbilical vein forms a direct commu-
nication with the ductus venosus (right hepatocardiac channel), bypassing the 
sinusoidal plexus of the liver, the blood therefore flows from the placenta 
through the umbilical vein, ductus venosus, into the right hepatocardiac channel 
(later part of the inferior vena cava) [5] [6]. After birth, the left umbilical vein 
forms the ligamentum teres and the sinus venosus forms the ligamentum veno-
sum. Both the ligamentum teres and the ligamentum venosum are contiguous to 
the left hepatic lobe. Possibly these shunts represent persistent developmental 
communications [5] [6]. 

There are five types of intrahepatic shunts between the major vessels of the 
liver were possible including: portal vein to hepatic vein or vena cava (portosys-
temic venous shunts), hepatic artery to hepatic vein (arteriosystemic shunts), 
hepatic artery to portal vein (arterioportal shunts), between portal veins (porto-
portal shunts) and between hepatic veins (hepatic venovenous shunts) [1]. The 
most common subtype is theportosystemic venous shunts which was the same as 
the case presented. 

We can also classify according to the morphology in: single large shunt that 
connects the right portal vein to the inferior vena cava (most common); loca-
lized peripheral shunt in which one or more communications are found in a sin-
gle hepatic segment; portosystemic shunt through a portal vein “aneurysm”; 
diffuse and multiple communications between peripheral portal and hepatic 
veins in several segments [1] [7] [8]. 

Some studies shows that intrahepatic vascular shunts are asymptomatic in the 
majority of the patients, and when symptomatic were presented by severe com-
plications including portal hypertension, portosystemic encephalopathy, and 
congestive cardiac failure [1] [7]. The encephalopathy is the most common 
complication.  

In an experimental study with rats, was found that portal pressure and extent 
of portosystemic shunting were correlated a day after the portal vein was par-
tially ligated, but the correlation was absent in cirrhotic portal hypertension [2]. 
However, the intrahepatic shunts reduce the liver’s ability to detoxify blood, 
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thereby increasing the entry of toxic substances into the brain. In an early expe-
rimental study, Vogels et al. found that only rats with a portacaval shunt, rather 
than rats with a sham portacaval shunt, developed encephalopathy after hyper-
ammonemia was induced with infusion of ammonium acetate [6]. Also, reduc-
tion in blood flow to the liver may result in fatty degeneration, hepatic dysfunc-
tion, and atrophy of the liver [5]. 

Trying to predict which patients will develop symptoms, it was suggested to 
calculate the shunt ratio (total blood flow volume in the shunt divided by the 
blood flow in the portal vein) [5]. When the shunt ratio is less than 30% symp-
toms associated with IHVS may not develop throughout the life time of the in-
dividual. When the shunt ratio exceeds 30%, clinical manifestations may develop 
at any time. When the shunt ratio exceeds 60% even without manifestations the 
risk of complications is increased this is an indication for immediate interven-
tion [1]. 

Ultrasonography with color Doppler is useful in the detection of intrahepatic 
vascular shunts and it enables recognition of flow direction, flow velocity, and 
type of blood flow noninvasively. Angiography is an invasive and expensive 
procedure that previously was the most useful imaging method for the assess-
ment of vascular abnormalities. Considering the fact that liver involvement is 
asymptomatic in most cases, it was indicated only in selected cases for interven-
tional management [1] [3].  

MRI would provide a similar appearance to CT, with the added advantage of 
MR venography. Nuclear medicine can also be used to calculate the shunt ratio 
by portal scintigraphy following submucosal rectal injection of iodine-123 
iodo-amphetamine [8]. 

The specific way of management can be selected depended on whether the pa-
tient was symptomatic or not, and also on the size of the shunt, shunt ratio and 
whether it was associated with hepatocellular carcinoma [1]. 

Angiographic embolization of a spontaneous portosystemic shunt can im-
prove the survival and liver function of cirrhotic patients with recurrent ence-
phalopathy [1] [2].  

Transcatheter embolization can be performed using particular embolic 
agentes (coils, gel foam, histoacryl, Amplatzer vascular plug, and outhers) and 
one of three routes to access the intrahepatic portosystemic venous shunts: tran-
sileocolic obliteration, percutaneous transhepatic obliteration, retrograde tran-
scaval obliteration [7].  

In cases with a preprocedure portal pressure measurement above 32 mm Hg, 
due to the risk of developing significant acute portal hypertension, some case se-
ries recommended gradual closure in two stages and surgical banding of the 
shunt followed by endovascular embolization [7]. 

The basics of the procedure, its potential risks and benefits, and an honest 
discussion that includes the strong possibility that the patient could remain 
asymptomatic for life needs to take place, before any therapeutic or conservative 
decision [2].  
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Children are more resistant to hepatic encephalopathy than adults. In these 
patients, meticulous clinical and ultrasound follow-up must be performed. Mild 
metabolic abnormalities associated with a portosystemic shunt can be managed 
with medical therapy and dietary modifications such as a reduced protein diet 
[5] [6]. 

Some studies have suggested screening for patients with risk factor (in the study 
they were included with cirrhosis, hepatocellular carcinoma, hepatic trauma, tran-
shepatic biliary drainage, patients with family history of Osler-Weber-Rendu’s 
Syndrome and with budd-chiari) followed of three-phase abdominal tomogra-
phy in case of positivity [1]. 

The case presented exemplifies the most common subtype of intrahepatic 
portosystemic venous shunt and brings to light the reminder that not all patients 
with this condition will be symptomatic, thus suggesting that screening should 
not be performed only in patients with symptoms. 

4. Conclusion 

The knowledge of hepatic vascular abnormalities is important for radiologists, 
since these can be cause of recurrent encephalopathy and treatment resistant, as 
well as can be found in asymptomatic patients. Other studies should be devel-
oped to determine how to follow up these patients and which signs indicate the 
need for an early procedure. 
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Abstract 

Introduction: The diagnosis of pneumonia is usually made based on clinical 
manifestations and chest X-ray. The use of ultrasound in detecting pulmo-
nary diseases in general, and especially consolidation syndrome has been 
demonstrated. The objective of this study was to determine the accuracy of 
thoracic ultrasound compared to chest X-ray in the diagnosis of infectious 
pneumonia in children. Methods: Children between 0 to 15 years were in-
cluded in our study. The lung ultrasound results obtained were compared 
with those of the chest X-ray used as the reference. Our data were introduced 
into the EpiInfo 3.5.4 software and analyzed with the EpiInfo 3.5.4 and 
IBMSPSS Statistics version 20.0 softwares. Microsoft Office Excel 2016 was 
used to produce Charts. Continuous quantitative variables were presented. 
Cohen’s Kappa concordance test was applied with confidence interval of 95%. 
Results: 52 children were enrolled in the study. In imaging, the dominant 
sign was consolidation syndrome (75.0%) of cases by chest radiography, and 
in 78.8% of cases by lung ultrasound (p < 0.05). The chest radiograph was 
identified pleural effusion in 5 cases whereas lung ultrasound was identified 
in 6 cases. 3 patients with apparently normal chest X-rays had pulmonary ul-
trasounds suggestive of pneumonia. The degree of agreement between chest 
X-ray and lung ultrasound in detecting lesions compatible with pneumonia 
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was satisfactory (kappa: 0.784) and excellent in the detection of pleural effu-
sion (0.898). Conclusion: Our study demonstrated that lung echography is a 
non-ionizing and reliable tool in the diagnosis of childhood’s pneumonia. 
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1. Introduction 

Pneumonia is a major cause of infant mortality worldwide. The diagnosis is 
usually based on the clinical presentations and findings on conventional chest 
X-rays. The use of ultrasound scan to detect pulmonary diseases in general and 
particularly consolidation syndromes had been demonstrated. In Africa, few ar-
ticles on its efficiency to detect pneumonia in children are published. The aim of 
this study was to determine the precision with which thoracic ultrasound scan 
can diagnose pneumonia in children relative to conventional chest X-rays.  

2. Materials and Method 

It was a cross-sectional, analytic study conducted in the Pediatric and Radiology 
Departments of the Yaoundé Gyneco-Obstetric and Pediatric Hospital (YGOPH), 
and the Mother-and-Child Centre (MCC) of the Chantal Biya’s Foundation. The 
study was conducted for eight months, between the periods from October 2017 
to May 2018. 

Included in our study were children between 0 to 15 years old, who were ei-
ther received at the out-patients consultations or admitted at the Pediatric de-
partments of the YGOPH and the MCC of the Chantal Biya’s Foundation with a 
clinical diagnosis of pneumonia that warrants radiologic confirmation, and for 
whom parents and guidance consented.  

Due to the fact that we never had portable radiologic and ultrasound appara-
tuses to carrying bed-side scans, children with unstable vital signs were excluded 
from our study since they couldn’t be displaced. 

Children who were received at the out-patients or admitted with respiratory 
signs and symptoms caused by another lung disorders besides pneumonia were 
excluded from our study. 

We study many variables: The socio-demographic variable (age and sex), the 
clinicals variables as respiratory sign, biologicals variables (hemogramm, C-reactive 
protein, hemocultur, pleural effusion), imaging variable as chest X-ray sign and 
ultrason finding. 

Our procedure involved a consecutive non-exhaustive sampling based on the 
selection criteria during the period of data collection, and we used the central 
tendency comparism analysis. Our data were introduced into the EpiInfo 3.5.4 
software and analyzed with the EpiInfo 3.5.4 and IBMSPSS Statistics version 20.0 
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softwares. Microsoft Office Excel 2016 was used to produce Charts. Continuous 
quantitative variables were presented as means ± standard deviations or medians 
(interquartile intervals), and categorical variables presented as portions (propor-
tions in percentages). Cohen’s Kappa concordance test was applied with confi-
dence interval of 95%. 

3. Results 

3.1. Demographic, Clinical and Biologic Findings 

Our sample size consisted of 52 patients, with 34 males (65.4%) and 18 females 
(34.6%). The minimum age was 1 month and the maximum age was 23 month. 
The most represented age bracket was that between 2 to 24 months. 

The prevalent clinical symptoms were fever 52 (100.0%), cough 50 (96.2%) 
and breathlessness 47 (90.4%) with 55.8% having moderate respiratory distress. 
In 76.9% of cases, chest expansion was reduced, vocal transmission were in-
creased in 55.8% of cases, dullness or subtle dullness in 92.3% of cases and 
breath sounds reduced in 82.7%. The most perceived added breath sounds were 
fine crackles with a frequency of 75.0%. 

In terms of biochemistry, leukocytosis was the most frequent findings in full 
blood counts (94.2%). Ninety-two point three percent (92.3%) of cases presented 
with an elevated C-reactive protein levels, 9.6% of children did blood culture and 
pleural fluid analysis test. Forty percent (40.0%) of the blood culture test con-
ducted were sterile. Le most isolated germ in both the blood culture and pleural 
fluid analysis was Mycobacterium Tuberculosis. 

3.2. Characteristic Findings on Imaging 

3.2.1. Categories of Patients Based on Conventional X-Rays Findings 
According to the 52 patients who did the thoracic X-ray, 39 (75.0%) of them 
presented the consolidation syndrome while, 11 (21.1%) where normal. See Ta-
ble 1. 

3.2.2. Categories of Patients Based on Ultrasound Scan Findings 
41 (78.8%) patients over 52 presented an alveolar syndrome at the chest ultra-
sonography. See Table 2. 
 
Table 1. Categories of patients based on conventional X-rays findings. 

Chest X-rays findings Frequency and percentage (%) 

Normal 11 (21.1%) 

Consolidation syndrome 39 (75.0%) 

Interstitial syndrome 8 (15.4%) 

Alveolo-interstitial syndrome 8 (15.4%) 

Pleural syndrome 5 (9.6%) 

Thickening of bronchial walls 4 (7.7%) 
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Table 2. Categories of patients based on ultrasound scan findings.  

Ultrasound findings Frequency and percentage (%) 

Normal 11 (21.1%) 

Alveolar syndrome 41 (78.8%) 

Interstitial syndrome 8 (15.4%) 

Alveolo-interstitial syndrome 8 (15.4%) 

Pleural syndrome 6 (11.5%) 

Pleural irregularity 20 (38.5%) 

Average duration in minutes (±standard deviation) 8.5 (±2) 

3.3. Correlation between Conventional X-Rays and Ultrasound  
Scan 

3.3.1. Correlation between the Two Modalities in Detecting Alveolar  
Syndrome 

Of the 52 children with suspected pneumonia at admission, 41 of them had 
findings that were comparable with those on lung ultrasonography. Standard 
chest radiographs confirmed pneumonia in 39 patients. There was a satisfactory 
degree of concordance between the standard X-rays and pulmonary ultrasound 
in detecting lesions comparable with pneumonia (Kappa: 0.784). See Table 3. 

3.3.2. Correlation between the Two Modalities in Detecting Pleural  
Effusion 

Six children presented with fluid pleural effusion at the ultrasound scan against 5 
in chest X-rays, for which concordance is 0.898 between the two modalities 
(Table 4). 

4. Discussion 

4.1. Limitations of our Study 

This study presents some shortcomings. Firstly, thoracic Computerized Tomo-
graphy which is the gold standard imaging modality for diagnosing pneumonia 
was not used to compare findings on Chest X-rays and Ultrasound. This is be-
cause of the very high risk of radiation in CT scan with 300 to 400x that com-
pared to conventional chest X-rays. Moreover, CT scan is expensive than X-rays 
[1]. 

Secondly, the same operator conducted the pulmonary ultrasound. Different 
findings could be gotten from a more or less experienced operator. Nonetheless, 
according to the “International Laison Committee for Pulmonary Ultrasono-
graphy”, the pattern of experience increases relatively rapidly and simple with 
respect to other ultrasound modalities [2]. Shah et al. compared chest Ultra-
sound interpretations from inexperienced and experienced pediatricians and 
found out that there was improved performance linked to experience, however 
without demonstrating a statistically significant difference between the two cat-
egories of operators [3].  
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Table 3. Correlation between the two modalities in detecting alveolar syndrome.  

Chest Ultrasonography  

Standard 
Chest X-rays 

Positive Negative Total Sen (%) Sp (%) PPV (%) MPV (%) Kappa P value 

Positive 38 1 39 97.4 76.9 92.7 90.9 0.784 0.000 

Négative 3 10 13       

Total 41 11 52       

 
Table 4. Correlation between the two modalities in detecting pleural effusion. 

Chest Ultrasonography (Fluid pleural effusion) 

Standard chest 
X-rays 

PL Yes No Total Se (%) Sp (%) PPV (%) NPV (%) Kappa P value 

 Yes 5 0 5 100.0 97.9 83.3 100.0 0.9 0.0 

 No 1 46 47       

 Total 6 46 52       

 
Thirdly, although the duration to perform the workups was reasonable 

enough (48 h), it wasn’t optimal. This could be justified by the fact that the same 
operator had to shuffle between the two sites of recruitment and performing the 
workups dependent on their availability. 

Fourthly, ours sample size was small. This can be justified by the very limited 
time for our study. Boursiani et al. conducted a similar study with a sample size 
of 69 children over a period of 13 months [4]. Ianello et al. conducted a study 
with a sample size of 84 children over a period of 15 months [5]. 

4.2. Demographic and Clinical Characteristics 

Our pool consisted of 65.4% boys. The average age was 14 months; the most 
represented age bracket was between 2 to 24 months giving 48.1% of patients. 
These results are similar to those reported by Omran et al. [6] who had 60.0% 
boys, the most represented age bracket was between 2 years. Tirdia et al. in their 
study had 65.5% boys and the average age children was 36 months [7]. The most 
present symptoms were fever (100.0%), cough (96.2%), and breathlessness 
(90.4%). The most frequent signs were tachypnea (92.3%), dullness (92.3%) and 
reduced tactile fremitus (80.2%). These results are similar to those reported by 
Yadav et al. who found 100.0%, 72.8%, 100.0% and 68.6% for fever, cough, 
breathlessness and tachypnea respectively [8]. 

4.3. Biological Characteristics 

94.2% of children had leukocytosis with 92.3% having a positive CRP test. These 
results were close to that obtained by Zayat et al. with 91.1% for positive CRP 
test [9]. 90.4% of patients never did blood culture tests. This can be explained by 
the high level of automedication, since doctors prescribed blood cultures only to 
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patients with declining clinical conditions despite good drug compliance or, in 
cases of pleural effusion. Amongst the 9.6% of patients who did blood culture 
tests, 40.0% were sterile. So many factors could explain this relatively high level 
of sterile blood cultures especially the site of sample collection, and the condi-
tions under sample collection. Given the financial challenges of parents, it is 
usually difficult to perform several blood cultures. In a study with 168 patients 
diagnosed of pneumonia, Wubbel et al. had all sterile blood cultures [10]. The 
most encountered germs in blood cultures and pleural effusion analysis was 
Mycobacterium Tuberculosis. These findings contradict the epidemiologic ex-
pectations whereby the primary causal germ of pneumonia in children is Strep-
tococcus Pneumoniae. This can be explained by the fact that an empirical anti-
biotic therapy targeting common germs are usually commenced at the moment 
pneumonia is clinically suspected without blood culture test. Only in cases of 
treatment resistance to these antibiotic therapy that blood cultures and pleural 
fluid analysis is done if they were prescribed, reason for the low rate of these 
workups relative to the sample population. Given that Mycobacterium Tubercu-
losis is not sensitive to classical drugs, the tendency for these tests to be positive 
is then high. 

4.4. Conventional Chest X-Rays 

Amongst the 52 children in our study, consolidation syndrome was detected in 
39 patients giving 75.0%. These results are close to those reported by Caiulo et al. 
who had 79.4% of pneumonia detected by standard chest X-rays [11]. Tirdia et 
al. had 76.9% of alveolar syndrome detected by chest X-rays [7]. These findings 
were higher than that gotten by Boursiani et al. in their study where-in standard 
chest X-rays demonstrated a consolidation syndrome in 33.3% of cases [4]. This 
difference can be due to the delay in consultations that is generally common in 
areas were the population is impoverished, added to the fact that there is a delay 
in appearance of radiographic signs with respect to the beginning of the diseases. 

4.5. Chest Ultrasonography 

In our study, thoracic ultrasound permitted us to detect consolidation syndrome 
in 78.8% of children with suspected pneumonia. The diagnostic performance of 
chest ultrasound in our study involved: Sensitivity (Se) of 97.4%, Specificity (Sp) 
of 76.9%, Positive Predictive Value (PPV) of 92.7%, Negative Predictive Value 
(NPV) of 90.9%. Similar findings had been reported by other authors. According 
to Yadav et al. chest ultrasound had a sensitivity of 98.0% and specificity of 
64.7% for diagnosing acute community pneumonia in children [8]. The high 
sensitivity of chest ultrasound in detecting consolidation syndrome is of great 
value in clinical practice especially in the context of patient management with 
antibiotics, given that the syndrome is usually related to pneumonia caused by 
bacteria, while interstitial syndrome is linked to atypical bacteria or viruses. 

On the contrary, we had a specificity of 76.9%. Some studies reported similar 

https://doi.org/10.4236/ojrad.2019.91002


S. E. A. Merci et al. 
 

 

DOI: 10.4236/ojrad.2019.91002 16 Open Journal of Radiology 

 

findings, such as that of Ambroggio et al. [12] who had a specificity of 75.0% 
while comparing thoracic ultrasound with standard chest X-rays and CT scan in 
detecting consolidation syndrome. However, a good number of studies got 
higher specificities varying between 86.0 and 97.5% [4] [7] [13] [14] [15] [16]. 
This could be due to the fact that the selection criteria, which involved entry di-
agnosis based on clinical signs wasn’t specific, and the clinical evolution as well 
as exit diagnosis were never considered as judgment criteria together with the 
standard chest X-rays at the end of the study. 

Thoracic ultrasound identified 6 cases of pleural effusion as against 5 for the 
standard chest X-rays, giving a sensitivity of 100.0%, 97.9%, 83.3%, and 100.0%. 
Hence, chest ultrasonography is an excellent tool to exclude fluid presence. 
These results were in line with those defined by the study from Yilmaz et al. in 
which conventional X-rays identified 4 cases of pleural effusion as against 5 in 
ultrasound [17]. While comparing thoracic ultrasound and standard X-rays to 
thoracic CT scan in detecting pleural effusion, sensitivity and specificity ob-
tained were 80.0% and 78.0% respectively for ultrasound; 60.0% and 92.0% for 
X-rays [12]. 

The average duration taken to realize a thoracic ultrasound was 8.5 minutes. 
This indicates that this modality is applicable in daily practice. Other studies 
demonstrated similar average test performance durations [11] [18] [19]. Shale et 
al. Reported an average performing duration of 8 minutes for inexperienced ul-
trasound operators (≤25 ultrasound scans before the study) and 7 minutes for 
experienced operators (≥25 ultrasound scans before the study). 

4.6. Diagnostic Correlation with Thoracic X-Rays and Ultrasound 

Chest ultrasound detected 3 cases of pneumonia non-visualized by the chest 
X-rays. This may be due to the fact that standard chest does not detect small 
consolidations (<1 cm) as well as early consolidations. Among the positive 
X-rays, a local lesion for pneumonia at the scapular area was not detected by the 
ultrasound scan. This could be explained by the difficulty of the chest echogra-
phy to exploit the scapular region. The same challenge had been highlighted by 
other authors [20]. 

The concordance level between the two modalities was satisfactory (Kappa 
coefficient 0.784) for the diagnosis of pneumonia, and excellent (Kappa coeffi-
cient 0.898) for the detection of pleural effusion. In Urbankowsa’s study [21], 
analysis of the concordance level demonstrated an excellent global concordance 
between thoracic ultrasound and X-rays in terms of pneumonia diagnosis (Co-
hen Kappa coefficient of 0.89). Such a good concordance indicates that in ap-
plying chest ultrasound, diagnosis will remain high while reducing children’s 
exposure to ionizing radiations. In a case-control clinical trial conducted by 
Jones et al., in children with clinical suspicion of pneumonia, the use of chest ul-
trasound before the chest X-rays in a group of children reduced the use of chest 
X-rays 38.8% relative to the control group. Amongst children who benefited 
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from the chest ultrasound only, no missed pneumonia diagnosis nor undesirable 
findings was mentioned, indicating that it could be applicable to substitute chest 
X-rays with chest ultrasonography while evaluating children with clinically sus-
pected pneumonia [22]. 

5. Conclusion 

At the end of our study, we could conclude that thoracic ultrasound is an appli-
cable imaging modality in our context especially at the emergency services and 
health facilities without a radiographic apparatus. So chest ultrasound could be 
used as an alternative to chest X-rays and even used as a first choice test with 
aim to reduce child’s exposure to ionizing radiations. 
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Abstract 

Introduction: Stroke is defined as a sudden onset focal neurological deficit of 
presumed vascular origin. Although it is essentially adult and elderly condi-
tion, stroke can occur in children. Their diagnosis essentially radiological is 
based on two main imaging modalities namely Computed Tomography (CT) 
and/or Magnetic Resonance Imaging (MRI). Our study aimed to study radi-
ological features of stroke in children with an etiologic approach in three 
health facilities of Ouagadougou. Material and Method: We conducted a re-
trospective study with descriptive focus during 11-year period from January 
1st, 2006 to September 1st, 2017 among children aged between 02 months and 
16 years who underwent brain CT scan and/or MRI; in whom diagnosis of 
stroke had been established in radiology department of Yalgado Ouedraogo 
Teaching Hospital (CHU-YO), Schiphra Methodist Medical Center (CM 
Schipphra) and Saint Camille Hospital of Ouagadougou (HOSCO). Results: 
40 cases of pediatric stroke were collected including 23 at HOSCO, 15 at 
CHU-YO and 03 at CM Schipphra. Mean age was 6.45 years, with extremes 
of 2 months and 192 months. Unilateral contralateral motor weakness was 
the most common clinical presentation (32.5%) followed by seizures (17.5%). 
Ischemic stroke dominated in 82.5% of cases. Sino-venous thrombosis was 
rare and suspected in only one case. Sylvian artery was mostly affected in 
ischemic stroke for 56.25% of patients. The main etiologic factors found were 
hematologic (67.50%) then infectious factors (25%). Sickle cell disease was 
always incriminated in hematologic factor. Homozygous SS patients were the 
most numerous (82%). Conclusion: Stroke diagnosis in children is based on 
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etiologic investigation, biology with a major role of medical imaging. Sickle 
cell disease accounts a lot in occurrence of stroke in children in our context. 
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1. Introduction 

Stroke is defined by World Health Organization (WHO) as “a clinical syndrome 
consisting of rapidly developing clinical signs of focal (or global in case of coma) 
disturbance of cerebral function lasting more than 24 hours or leading to death 
with no apparent cause other than a vascular origin” [1]. 

Although it is mainly adult and elderly disease, stroke can occur at any age 
notably in children. 

Pediatric stroke is a relatively rare disease with an estimated incidence of 2.5 - 
13/100,000/year [2]. Its mortality rate is about 0.6/100,000/year [3] [4]. Child 
stroke has also serious morbidity and long-term outcome marked by its so-
cio-psychological impact and costs particularly in our precarious context. From 
hence early diagnosis enabling specific treatment including thrombolysis or 
embolization is required to minimize occurrence of sequelae. 

Stroke diagnosis in children is based on etiological investigation, laboratory 
tests and major role of medical imaging. Imaging modalities used in emergency 
are Computed Tomography (CT) and Magnetic Resonance Imaging (MRI). 
They help to confirm diagnosis, to determine type of stroke, to search etiology, 
to guide and participate in treatment, to recognize signs of severity, and to fol-
low up. 

However in our context, a particular cause is Sickle Cell Disease (SCD). Stroke 
is the most severe complication of SCD. Though Ogeng’o in Kenya noted a pe-
diatric ischemic stroke prevalence of 56.3% compared to 43.7% of hemorrhagic 
stroke [5]. In Burkina Faso, Béré [6] noted ischemic CT lesions as cause of cere-
bral palsy in child with a frequency of 6.7%. No studies have been done on pe-
diatric stroke in our context. 

We propose to study radiological features of stroke in children with an etio-
logical approach. 

2. Patients and Methods 

We conducted a descriptive retrospective study from January 1st, 2006 to Sep-
tember 1st, 2017, in radiology departments of Yalgado Ouedraogo Teaching 
Hospital (CHU-YO), Schiphra Protestant Medical Center and Saint Camille 
Hospital of Ouagadougou (HOSCO) of Burkina Faso. 

This study concerned children from 02 months to 16 years old who under-
went head CT scan and/or MRI in one of the three health facilities previously 
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mentioned and for whom diagnosis of stroke had been established. We have ex-
pressly excluded children under two months because of challenge in achieving 
and obtaining results of a brain CT/MRI scan in our context of those children 
(sedation requirement) and also predominance of obstetric and perinatal causes. 

For head CT exam, we used GENERAL ELECTRIC HISPEED 08 slices ma-
chine at Schiphra Protestant Medical Center, SIEMENS SOMATOM EMOTION 
32 slices and 64 slices devices respectively at HOSCO and CHU-YO. 

Complementary brain MRI scan were performed at HOSCO using a SIEMENS 
MAGNETOM ESSENZA 1.5 Tesla device. 

Images were reported by a senior radiology consultant. 
Useful information was collected via data collection forms. Variables of our 

study were: 
- Epidemiological: age, sex, educational levels; 
- Clinical: neurological symptoms, general signs; 
- Radiological: 
• Imaging modalities; 
• Type of stroke; 
• Spontaneous hyperdensity (location, volume, intraventricular hemorrhagic 

flood, subarachnoid hyperdensity, brain herniation); 
• Hypodense area (localization, vascular territory; 
• Early CT signs of ischaemic stroke: cortical hypo density with associated pa-

renchymal swelling with resultant gyral effacement (e.g. insular ribbon sign), 
loss of grey-white matter differentiation, and hypo attenuation of deep nuc-
lei, hyper dense segment of a vessel; 

• Hyperdensity within a thrombosed sinus; 
- Etiological factors: hematological, infectious, cerebral, cardiac, surgical. 

For patients diagnosed of stroke, data was collected from TDM and/or MRI 
scans records and patient interviews available. 

Data analysis was performed on Windows 7 computer using Excel statistical 
tools for data entry and Epi Info for processing. MRI images were viewed on Ra-
diant Dicom 32-bit viewer software. 

Data collection was managed in anonymity and absolute confidentiality. The 
study was conducted with authorization of Head of Department in the three 
health centers. 

3. Results 

There were 3482 cerebral CT scans performed between 2006 and 2017 in the 
three health centers, and 174 brain MRI exams performed between 2013 and 
2017 at HOSCO which had established stroke diagnosis. 

A total of 40 children aged from 2 months to 16 years had a diagnosis of 
stroke on CT and/or MRI, which represents 1.14% of CT scans. Among them, 23 
(57.5%) were followed up at HOSCO, 15 (37.5%) at CHU-YO and 03 (5%) at 
Schiphra Protestant Medical Center. 
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Mean age of patients was 77.55 ± 57.75 months, or 6.45 years with interval 
ends of 2 and 192 months. The most represented age group were children over 5 
(60 months) counting 55% of all (Figure 1). 
 

 
Figure 1. Distribution by age group. 
 

Male sex was dominant in 57.50% of cases (n = 23). Sex ratio was 1.35. 
Distribution of patients by clinical signs was summarized on Table 1. 

 
Table 1. Distribution of patients by clinical signs. 

Clinical sign Size 

Coma 2 

Lethargy 1 

Mental retardation 1 

Aphasia 1 

Headache 3 

Seizures 7 

Unilateral contralateral motor weakness 13 

Fever 1 

General state worsening during acute sickle cell crisis 1 

Abnormal ballet movements 1 

Repeated loss of consciousness 2 

Psychomotor delay 4 

Amnesia 1 

Behavioral disorder 1 

Mixed symptoms 5 

 
Unilateral contralateral motor weakness was the most frequent sign (n = 13) 

followed by tonic-clonic seizures (n = 7) and psychomotor delay (n = 4). 
All 40 patients underwent brain CT scan. Complementary MRI was per-

formed by 03 patients or 7.5% of cases. Figure 2 shows distribution of TDM 
examinations by year. The highest rate of performing CT scan was observed in 
2015 and 2017. 
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Figure 2. Distribution of brain CT scan examination by year. 

 
Ischemic stroke dominated in 82.5% of cases (n = 33 patients) followed by 

hemorrhagic stroke in 15% (n = 6). Sino-venous thrombosis was rare suspected 
in one child (n = 1). 

Three patients (7.5%) CT scans demonstrate area of intracerebral hyperdensity 
representing hematoma. Two were located in left frontal and left temporal lobes; 
the third in right parietal lobe. Figure 3 illustrates these hematomas. There was no 
brain herniation or meningeal irritation associated with these hematomas. 
 

 
Figure 3. Non contrast Brain CT scan showing an oedemato-haemorrhagic lesion (black 
star) of 32 ml in right parietal lobe without mass effect and associated with contralateral 
edema (white arrow) observed in a 72-month-old child with no particular pathological 
history received in comatose state after onset of left hemiparesis and amnesia. Views: axi-
al (A) and (B); coronal reconstruction (C). 
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Subarachnoid hyperdensities were observed in 4 patients. Figure 4 shows a 
case of subarachnoid hemorrhage. 
 

 
Figure 4. Non contrast brain CT scan of a 03-year-old patient after head trauma with initial loss 
of consciousness. Noted is hyper attenuating material filling left temporal subarachnoid spaces 
(black arrowhead) and falx cerebri (black arrowhead) in keeping with subarachnoid hemorrhage. 
No evidence of adjacent fracture on bone window (D). Axial view (A); Coronal reconstruction 
(B), (C) and (D). 

 
34 (85%) patients had one or more intracerebral hypo attenuated including 

one suspected case of cerebral venous thrombosis. 32.3% of them were found in 
right hemisphere and 47.1% in left hemisphere. 20.6% cases demonstrated bila-
teral hemisphere involvement. 

Superficial middle cerebral artery (MCA) was most affected in 10 (31.25%) 
patients followed by deep MCA in 8 (25%) and border zones ischemic stroke 
between MCA and ACA concerning 2 cases. 

Figures 5-7 show CT features of these hypodensities. 
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Figure 5. Brain CT scan performed in a 07-year-old, homozygous SS patient, demon-
strating left fronto-temporal area of hypodensity (white arrow) related to ischemic stroke 
in left superficial territory of MCA, no enhancing after intravenous contrast injection. 
Axial views: (A) No contrast; (B) Contrast. 
 

 
Figure 6. Brain CT scan of a 02 years-old patient admitted for left flasquo-spasmodic 
hemiparesis evolving since 03 weeks in a context of tetralogy of Fallot. Noted are: -right 
fronto-parieto-occipital hypo attenuated area (white arrowhead AB), non-enhancing (C. 
white arrowhead) without mass effect in keeping with subacute ischemic stroke in junc-
tional territory (right ACA, MCA and PCA); -left parieto-occipital hypodense area of 
chronic infarct (A. B. white arrow), non-enhancing (C. white arrowhead). Axial views: 
(A) and (B) no contrast; and (C) contrast. 
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Figure 7. Brain CT scan of a 15-year-old, homozygous SS patient received for left hemi-
paresis and seizures showing multiple infarcts: -hypodense area of right centrum semi-
ovale related to subacute ischemic stroke (A. white arrowhead); -bilateral internal capsule 
lacunar infarcts (B. white arrows) associated with brain atrophy; -right cerebellar hemis-
phere hypo attenuated area on its posterior slope in keeping with an infarct in the upper, 
middle and lower territories of the right cerebellar artery (C. D. black arrowheads). Non 
contrast axial views: (A), (B), (C) and (D). 
 

Hyperdensity within a cerebral artery was found in two patients.  
Table 2 presents associated CT signs of our patients. Cerebral atrophy was 

frequently associated in 12 patients. 
 
Table 2. Others associated CT findings to infarcts. 

CT Findings Number 

Subarachnoid enhancement 1 

Calcifications 4 

Brain atrophy 12 

Extra-axial fluid collection 1 

Brain edema 1 

Feeding by superficial artery 1 

Subfalcine mid-line shift 1 

Ventricular hemorrhage 1 

Tentorium cerebelli subarachnoid hemorrhage 1 

Tetraventricular hydrocephalus 1 

Recurrent infarction 1 

Total 25 
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Brain MRI was performed in 03 patients (7.5%) and ischemic stroke or se-
quellae of ischemic stroke had been diagnosed in all cases. 

These MRI features are shown on Figures 8-10. 
 

 
Figure 8. Brain CT scan showing left fronto-temporal hypo attenuated area (A, white 
star) and conjoined brain MRI scan noted T1 hyposignal area (B, white star), T2 hyper-
signal (C, black star), and hypersignal diffusion (D, black star) in a 07-year-old male, 
homozygous SS patient with right hemiplegia, in keeping with ischemic stroke in left su-
perficial Sylvian territory. (A) CT axial view; (B) MRI axial view T1 W; (C) MRI axial 
view T2 W; (D) MRI DWI. 
 

 
Figure 9. 3D TOF Angio MRI in coronal reconstruction of Willis circle in the same pa-
tient showing: -Complete thrombosis of M1 segment of left MCA (white arrows); its dis-
tal branches are no longer visualized (white circle); -Partial thrombosis of M1 segment of 
right MCA (white arrowhead) with reperfusion of its distal branches (white star). 
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Figure 10. Brain CT scan performed in a 08-year-old girl with Sickle Cell Disease admit-
ted for seizures with no specific pathological history showing right temporal area of hy-
podensity (A. white star); and conjoined MRI scan noted a multi located fluid appearance 
lesion in hypersignal T2W and Diffusion (B. D. black stars), hyposignal T1W + Gd (C. 
head of arrow) drained by a cortical vein (C. white arrow). This lesion suggests atypical 
porencephalic cavity in keeping with stroke sequellae. (A) CT non-contrast axial view; (B) 
MRI T2W axial view; (C) MRI T1W + Gd axial view; (D) MRI Diffusion sequence. 
 

Etiological investigation was made in 30 (75%) patients. Figure 11 shows dis-
tribution of patients by risk factors and etiologies. 
 

 
Figure 11. Distribution by risk factors. 

 
Hematologic factors were dominant (n = 27) followed by infectious factors (n 

= 8). 
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Sickle cell disease was the main hematological factor. Homozygous SS patients 
were frequently seen in 82% of cases followed by SC heterozygotes (11%) and 
thalassemic patients (7%). 

Cardiovascular factors observed were tetralogy of Fallot (n = 1), inter-atrial 
communication (n = 1) and high blood pressure (n = 1). 

Chickenpox was mentioned as history in 06 (15%) patients. Delay between 
these episodes of varicella and stroke onset could not be clearly determined by 
parents. Other associated risk factors were mentioned including a case of me-
ningoencephalitis and a case of encephalitis. 

Cerebral factors observed were brain trauma (n = 1), cerebral angioma (n = 1) 
and AVM (n = 1). Figure 12 depicts AVM case. 
 

 
Figure 12. Brain CT scan with contrast in a 07 years-old patient showing: -Right parietal 
edemato-hemorrhagic lesion (A.B.C.D, black star); -Inside this lesion, there is feeding 
superficial parietal artery and veinous drainage through cortical veins towards superior 
longitudinal sinus and internal cerebral vein (A.B.C.D, black arrows); -Peripheric and 
contralateral white matter edema (A.B.C.D, white arrows). These characters are in keep-
ing with bleeding of an arteriovenous malformation. (A) and (B) coronal reconstruction; 
(C) sagittal reconstruction, (D) axial view. 
 

We noticed a case of ischemic stroke after cervical vascular tumor surgery in a 
16-year-old teenager. Follow-up has been favorable for most patients. We did 
not register any deaths. Sequellae were observed in 04 patients including one 
case of limping and three cases of mental retardation. 
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4. Discussion  

Study on radiological features of stroke in children with etiological approach is a 
first onset in Burkina Faso. Our study faced some difficulties. 
• Indeed, it is a relatively rare pathology in children unlike adults. 
• No studies were conducted on that subject in Burkina Faso. 
• Stroke diagnosis requires imaging devices, notably CT and MRI, which have 

recently established in certain health facilities in Ouagadougou. The high cost 
of these imaging modality prior to onset of free care management of less than 
5 years patients has limited size of our sample.  

• Use of patient’s folders has been difficult due to poor archiving and preserva-
tion of CT/MRI images by both parents and Pediatric department. 

Our study has, however, leaded results that raised comments and discussion. 
According to several studies, stroke is less common in children than in adults 

[7] [8] [9]. We were able to enroll 40 children aged 2 months to 16 years during 
11-years period from 2006 to 2017. This number corroborates literature data es-
timating the annual incidence of child strokes between 1.3 to 13 years for 
100,000 children-years [10]. Mean age of our patients was 6.45 years. Sagna, 
Lengue and Steinlin [8] [9] [11] found younger age groups (less than 5 years). 
This could be explained by predominance in their study of para-infectious and 
infectious risk factors whose peak is at preschool years. Male predominance 
found is consistent with literature data [5] [7] [9] [11] [12]. According to Stein-
lin and al, for unknown reasons, stroke is twice as likely in boys as in girls [11]. 
However, literature remains controversial with some studies that find female 
predominance [13]. 

Clinical presentation of stroke in our sample is predominantly marked by de-
ficient hemi-corporeal motor. This sign was also found in some studies where 
hemiplegia prevalence could reach 70% to 80% [5] [7] [9] [11] [12]. This hemip-
legia was followed closely by seizures in our series as well as in some literature 
data [14]. Non-focal deficient symptoms likely headache (7.5%), disturbances of 
consciousness (12.5%), psychomotor retardation (12.5%) were also identified as 
clinical presentation of child stroke [15].  

Brain CT scan had been performed in 18, 75% of patients in 2015 and 2017. 
This peak in 2017 could be explained by success of free care to children under 05 
in our health policy. 

In opposite, brain MRI scan performing is very low (7.5%) as it is not free de-
spite the fact that it is the gold standard in stroke diagnosis. Among the three 
health facilities of our cohort, only HOSCO which is a private center is fitted 
with a 1.5 tesla MRI machine and the cost of brain MRI scan is 100,000 XOF. 
Despite its weak performing in our study, contribution of MRI is undeniable. 

Predominance of ischemic stroke (82.5%) compared to other types of stroke, 
particularly hemorrhagic stroke (15%), corroborates results of a US study [16] 
based on follow-up of 4000 patients during 10 years which found that ischemic 
stroke occurs mainly before 20 with high-level risk between 1 and 9 years while 
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hemorrhagic stroke is mostly seen after 20. 
Ischemia was located firstly in sylvian artery territory (56.25%) as found by 

Sagna [9], Ogeng’o [5], Tohodjèdé [12] and Ndiaye [7]. This topographic distri-
bution is related to a particular architecture of vascular tree for brain. In fact, 
MCA is the widest and most direct branch of the endings of internal carotid ar-
tery; therefore it leads to receive the most emboli [17] [18] [19] [20]. 

Cerebral atrophy was the most associated CT sign in our sample (30%). For 
some authors, it could be a risk marker for ischemic stroke or intracranial he-
morrhage and could explain cognitive disorders seen with some patients [20] 
[21]. 

In our study main etiologies involved in stroke were hematological factors 
(67.50%) followed by infectious factors (25%) and cerebral factors (20%). Some 
African studies found similar results [5] [7] [9] [11] [12] with hematologic fac-
tors ranked first. The main etiological and hematological factor found was ho-
mozygous SS of sickle cell disease (82%). This important source of cerebral in-
farction in children [22] [23], is commonly seen in sub-Saharan African popula-
tion. From our study, we noted that sickle-cell child developed stroke around 6.8 
years. This data could help in stroke prevention. In fact, sickle cell disease in-
creases risk of cerebral infarction by 200 to 400 [12] [15]. Therefore stroke is one 
of the most serious complications of sickle cell disease which requires adequate 
management including early detection for better monitoring to avoid subse-
quent complications such as cerebral vasculopathy. Chung in China [24] didn’t 
find any case of sickle cell disease in his cohort; this difference could be related 
to the high prevalence of sickle cell disease in Africa and particularly in its black 
population. Sickle cell disease is also known to increase the risk of stroke recur-
rence. Elsewhere a study based on Chinese children recorded rather central 
nervous system infections, Moyamoya disease and head trauma as main causes 
of pediatric stroke [25]. 

Cardiac embolism is thought to account for 3.7% to 33.3% of ischemic stroke 
[7] [9] [10] [11] [12] [20]. In our patient group, we mainly found congenital 
heart diseases such as tetralogy of Fallot and atrial septal defect, unlikely to SALIH’s 
study in Saudi Arabia where it was acquired rheumatic heart disease [26]. Ac-
quired rheumatic heart disease is a common post-streptococcal complication. Is 
their rarity in our study due to good management of group A post-streptococcal 
disorders in children?  

Cerebral risk-factors have also been found in literature [13] [14]. According to 
Béjot [14], main cause of intracranial hemorrhage in children is arteriovenous 
malformation (AVM) rather than high blood pressure that is observed in adult. 
They account for between 14% and 57% of all brain bleeding causes depending 
on studies and annual risk of cerebral hemorrhage in children with AVM is 
about 3%. Angioma, which has been poorly screened before arrival of MRI, 
could however represent up to 25% of cases of cerebral hemorrhage [14].  

We did not notice any deaths in our series. Lengue [8] reported a mortality 
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rate of 0.92% that was the lowest of 4% to 28% [8] [27]. However, this absence of 
death is subject to the 10 patients who could not be reached during interview 
because of wrong number in CT and MRI report registers. 

In our cohort, 04 patients had long-term sequellae such as lameness and men-
tal retardation. Ndiaye [7] and Tohodjèdé [2] obtained similar results. These 
stroke sequellae are current in literature [14]. The observed sequellae are nu-
merous and could increase socio-economic impact of this pathology especially in 
our countries with limited resources and affect severely prognosis of these 
children. 

5. Conclusion 

Pediatric stroke is predominantly ischemic with sickle-cell disease as main cause. 
CT is first-line imaging modality and contributes a lot in stroke diagnosis in our 
context. However, MRI which is the gold standard imaging modality in this in-
vestigation is poorly used in Burkina Faso. Etiological predominance of sickle 
cell disease suggests implementation of adequate prevention measures to control 
this pathology. In addition, the prevention of stroke recurrence with hematolog-
ic etiology is based on establishment of blood transfusion program aimed at lo-
wering S Hemoglobin level and decreasing cerebral arteries velocity on tran-
scranial Doppler scan. This technique is not yet implemented in our context. 
Future prospective studies on the contribution of this transfusion program to the 
secondary prevention of stroke in sickle cell patients are therefore necessary. 

Further prospective study on contribution of this blood transfusion program 
in stroke prevention of sickle cell’s patients is therefore needed. 
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Abstract 

Background: Fusion image improves lesion detectability and can be an effec-
tive tool for percutaneous ultrasound (US)-guide procedure. We describe the 
clinical benefit of US-guided lung biopsy using fusion image. Purpose: To re-
trospectively compare the diagnostic accuracy and complication rates of 
US-guided lung biopsy with B-mode alone and those of a fusion image 
created using real-time US and computed tomography (CT). Materials and 
Methods: Between September, 2013 and September, 2016, 50 peripheral lung 
lesions in 50 patients (40 males, 10 females; median, 74 years old) were per-
formed by US-guided percutaneous cutting needle biopsy using the B-mode 
alone or fusion image. Final diagnoses were based on surgical outcomes or 
clinical follow-up results for at least 12 months after biopsy. To assess prebi-
opsy characteristics, all lesions were divided into two groups: group 1 (identi-
fication on B-mode) and group 2 (identification on fusion image). Results: Of 
50 peripheral lesions, 40 lesions (80%) were detected by means of B-mode 
alone (group 1), and 10 lesions (20%) were identified by fusion image (group 
2). The diagnostic accuracy of group 1 was 90% (36/40 lesions), and the di-
agnostic accuracy of group 2 was 100% (10/10 lesions). Nodule type and the 
size of the lesions showed significant group wise differences (p < 0.001 and 
p = 0.02, respectively). Pneumothorax occurred immediately after the first 
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puncture in five of 50 (10%) lesions, with no symptom development in all 
patients. Conclusion: Fusion images created using real-time US and CT 
may be useful for identification of the minimal size of potential target lung 
lesions and may be more suitable for improved yields with US-guided lung 
biopsy. 
 

Keywords 

Ultrasound, Fusion Image, US-Guided Lung Biopsy, Diagnostic Accuracy, 
Safety 

 

1. Introduction 

In the era of personalized medicine in oncology, the requirement for a least in-
vasive biopsy technique that can provide accurate diagnosis is becoming increa-
singly important. Several investigators have described the utility and safety of 
ultrasound (US)-guided transthoracic cutting needle biopsy and fine needle as-
piration in chest lesions [1]-[10]. However, these studies were conducted only in 
the conventional B mode, and thus occurrence of mis-targeting is possible. Al-
though careful US examination is required to detect the contact area between the 
peripheral lung lesion and the pleura, conditions such as pleural adhesions and 
bullous emphysema may interfere with US-visualization of the pleural surface 
[11] [12].  

Recently, fusion image with real-time US and computed tomography (CT) has 
been introduced in interventional radiology [13] [14]. In the chest, fusion image 
can be used to assist in detecting the pleural-lesion contact area in extremely 
small solid nodules. Moreover, the fusion image of the pleural membrane asso-
ciated with solid component of part-solid ground-glass nodule (GGN), results in 
localization of the lesion. The effectiveness of fusion image for US-guided lung 
biopsy has not been reported. The purpose of this study was to compare the di-
agnostic accuracy and complication rates associated with US-guided lung biopsy 
with B-mode alone and those of fusion images created using real-time US and 
CT. 

2. Materials and Methods 

2.1. Patients 

The institutional review board approved this retrospective study and waived the 
requirement for informed consent. This retrospective study was conducted at a 
single institution. Between September, 2013 and September, 2016, US-guided 
percutaneous cutting needle biopsy was conducted for 63 thoracic lesions. Biop-
sy was performed for all patients within 4 weeks after a chest lesion was detected 
with CT. Of these, 12 mediastinal lesions and one lung lesion were excluded be-
cause of the use of contrast-enhanced US for detection of the lesion [15]. The 
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remaining 50 peripheral lesions in 50 patients (40 males and 10 females; age 
range, 50 - 86 years old; median age, 74 years old) were examined in this study. 

2.2. US Examination and US-Guided Biopsy Procedure 

All patients were evaluated using the GE LOGIQ Q9 US imaging system (GE 
Healthcare Worldwide, Chicago, IL, USA). US examinations were performed by 
an interventional radiologist (with experience of >30 years). Patients were placed 
in the supine, prone, or right/left lateral decubitus positions. The indication of 
fusion image depended on the same interventional radiologist. Initially, US us-
ing the conventional B-mode was conducted to identify CT-detected lesions. 
When a solid nodule was not identified through conventional B-mode, fusion im-
age with real-time US and CT was performed using a commercially available US 
unit (Figure 1). Moreover, fusion image was successful in localizing the part-solid 
GGN with pleural involvement, despite non-detection of the ground-glass opacity 
within the sonographic window (Figure 2). For the fusion image, the manu-
brium of the sternum served as a reference point to synchronize the spatial rela-
tionship between the CT and US images in supine position. In the prone or lat-
eral position, the first or 12th spinous process was used as a reference point. Once  
 

 
(a) 

 
(b) 
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(c) 

Figure 1. Pulmonary nodule in a 61-year-old woman with a history of minor salivary 
gland tumor (adenoid cystic carcinoma) and breast cancer. (a) Chest CT scan showed a 
4-mm peripheral solid nodule (arrow) in the right middle lobe; (b) Although B-mode 
alone failed to reveal the solid nodule, localization of the solid nodule was possible using 
fusion image with real-time US (white arrow) and CT (black arrow); (c) The inserted line 
was visualized as a dotted line; subsequently, the biopsy needle (short arrows) was intro-
duced into the lesion (long arrows) along the dotted line. Only one puncture was per-
formed due to pneumothorax. The biopsy revealed metastatic lesion of minor salivary 
gland tumor (adenoid cystic carcinoma). 
 

 
(a) 

 
(b) 
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(c) 

Figure 2. An 80-year-old man with a 20-mm part-solid GGN. (a) Chest CT scan showed 
a peripheral pulmonary part-solid GGN; (b) Fusion imaging of the contact area between 
the pleura and the solid component to localization of the lesion; (c) The inserted line was 
visualized as a dotted line through the contact area between the pleura and the solid 
component (long arrow). The biopsy needle (short arrows) was introduced into the lesion 
along the dotted line; subsequently, two samples were obtained without occurrence of 
pneumothorax. The biopsy revealed that the lesion was adenocarcinoma. 
 
the CT and US images were linked on the monitor, examination through the fu-
sion image was conducted. The safe needle path was set to pass the biopsy needle 
through the pleura adjacent to the solid component of the lesion to reduce the 
risk of pneumothorax. In this study, there were no cases excluded owing to less 
secure needle guidelines despite identification of the pleura associated with the 
solid component of the lesion. The same interventional radiologist performed all 
biopsies with the help of one of eight radiology fellows. All biopsies were per-
formed using puncture-guided devices with imaging. While the probe was fixed 
firmly to indicate the lesion, the 18-gauge guiding needle (US-guided puncture 
needle; CREATE MEDIC CO., LTD, Yokohama, Japan) was inserted into the 
chest wall under local anesthesia with 1% lidocaine (Xylocaine; Astra-Zeneca, 
Osaka, Japan). After a 20-gauge automatic cutting needle with a length-throw of 
20 mm (Bard Magnum; Bard Biopsy Systems, Tempe, AZ, USA) was introduced 
through the guiding needle, the patients were told to hold their breath. Under 
breath-holding, the tissue was punctured using the cutting needle and the needle 
was then withdrawn from the body. The specimen was immediately placed in an 
individual formalin-filled container. Acquisition of two specimens is the stan-
dard procedure. If pneumothorax occurred immediately after the first puncture, 
only one sample was obtained. On exposure of the guiding needle to room air 
during withdrawal of the biopsy needle, the radiologist covered the hole of the 
guiding needle with his finger to prevent air from flowing into the lung or the 
pleural cavity. When the operators considered the quantity of the specimen in-
sufficient through visual examination, acquisition of specimens was repeated 
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because no pathologist was on site. If the patients complained of symptoms as-
sociated with pneumothorax or hemoptysis after the procedure, a chest CT was 
obtained. In addition, posteroanterior chest radiographs of all patients were ob-
tained on the following day. 

2.3. Data Collection and Study Definition 

One interventional fellowship-trained radiologist (with experience of >10 years) 
evaluated medical records for consecutive patients presenting for US-guided bi-
opsies and assessed the lesions’ characteristics and procedure parameters. One 
radiologist (with experience of >30 years) and the same interventional fellow-
ship-trained radiologist independently measured the longest diameters of all le-
sions on CT. The longest diameter was measured along the long axis of the le-
sion on the lung window setting of CT. The lesion-pleura contact arc length 
(LPCAL) of all lesions was measured on CT twice on different days by the same 
interventional fellowship-trained radiologist. The pleural lesion contact area was 
defined as a cross-sectional view of the peripheral lung lesion in contact with the 
overlying pleural surface in the CT mediastinum setting. The LPCAL was meas-
ured as a straight-line approximation, in order to obtain the total value of each 
value (<10 mm) separately measured along the maximum curvature length of 
the lesion on the mediastinal window setting of CT. The mean values were ac-
cepted for all quantitative data. The lesions were divided into two groups: group 
1 (identification on B-mode) and group 2 (identification on fusion image). 

The pathological results of the specimens were classified as malignant, benign, 
and non-diagnostic. Insufficient specimens with a paucity of suspicious cellular-
ity were considered non-diagnostic. For statistical analysis, the pathologically 
malignant results were regarded as positive in biopsy, while the pathologically 
benign results were considered as negative in biopsy. The diagnostic accuracy of 
US-guided biopsy was calculated using the follow formula: diagnostic accuracy 
(%) = number of lesions accurately diagnosed (true positive + true negative)/total 
number of lesions. A true-positive case included a malignant biopsy result con-
firmed by the surgical specimen or the post-procedural malignant clinical 
course. A true-negative case included a benign biopsy result together with sur-
gical confirmation or the subsequent clinical course showing no increase in size 
or the disappearance of lesion with or without administration of antibiotics on 
follow-up CT for at least 12 months. A case was considered as a false negative 
when a benign biopsy result was contradicted by the finding of malignancy at 
surgical resection, biopsy of other organs, or tumor growth observed at fol-
low-up CT examination (performed 3 months after biopsy). Tumor growth was 
defined according to the Response Evaluation Criteria in Solid Tumors (RECIST). 
Final diagnosis was defined as a clinical diagnosis at the end of the follow-up pe-
riod or by September, 2017.  

2.4. Statistical Analyses 

Continuous variables were expressed as the mean and standard deviation. Be-
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tween the two groups, the Mann-Whitney’s U test was used to compare quantit-
ative variables, and the chi-square test was used to compare qualitative variables. 
A p value < 0.05 was considered to indicate a statistically significant difference. 
Data processing and analysis were performed with commercially available soft-
ware (MedCalc version 16.8.4; MedCalc Software, Ostend, Belgium). 

2.5. Results 

Of 50 peripheral lesions, 40 lesions (80%) were detected by means of B-mode 
alone (group 1), and 10 lesions (20%) were identified by means of fusion image 
(group 2). In this study, no patient was noted as a registration error in the image 
fusion approach. The patients’ and lesions’ characteristics, and procedure para-
meters between the two groups are shown in Table 1. Nodule type (p < 0.001) 
and size (p = 0.02) of the lesions showed significant differences between the two 
groups, whereas the other values showed no significant differences. Although 
pneumothorax occurred immediately after the first puncture in five of 50 (10%) 
lesions, no symptoms developed in all patients; and the sizes of the five lesions 
ranged from 4 mm to 20 mm. These five patients had sufficient tissues available 
for pathological diagnosis of malignancy. The final diagnosis is summarized in 
Table 2. As malignant lesions, 36 lesions of primary lung cancer (non-small cell 
lung cancer/small cell lung cancer = 31/5), 5 lesions of lung metastasis from 
other organs, 1 lesions of malignant mesothelioma were confirmed. And the re-
maining 8 lesions were benign lesions (epithelioid cell granuloma/nonspecific = 
2/6). The definitive diagnoses in group 1 were confirmed by surgery (n = 11) or 
clinical course (n = 29), and 10 lesions in group 2 were confirmed by surgery (n 
= 4) or clinical course (n = 6). Diagnostic accuracy between the two groups is 
shown in Table 3. The diagnostic accuracy of group1 and group 2 were 90% and 
100%, respectively. Four lesions with diagnostic failure (three pathological be-
nign lesions and one non-diagnostic lesion) are summarized in Table 4. Of 
these, malignancy was confirmed in two lesions by lobectomy (No. 1 and No. 3), 
in one lesion by repeat US-guided lung biopsy (No. 2), and in one lesion by 
US-guided subclavicular lymph node biopsy (No. 4). With regard to the rela-
tionship between lesion-size and LPCAL, the diagnostic accuracy for malignant 
and benign lesions is summarized in Table 5. All lesions’ characteristics using 
fusion image are shown in Table 6. In this study, life-threatening major compli-
cations and hemoptysis were not observed. 
 
Table 1. Patients’ and lesions’ characteristics and procedure parameters between the two 
groups. 

  
Group 1 Group 2 p value 

Patients’ characteristics 
   

Sex male 32 8 1 

 
female 8 2 

 
Age median 73 78 0.64 
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Continued 

 
range 50 - 86 61 - 85 

 
Lesions’ characteristics 

   
Nodule type solid 40 7 <0.001 

 
part-solid GGN 0 3 

 
Size (mm) median 29 17 0.02 

 
range 9.5 - 116 4 - 38 

 
LPCAL (mm) median 23.8 15.6 0.09 

 
range 6.1 - 162.7 2.8 - 29.5 

 
Location right upper lobe 9 2 0.87 

 
(S1/S2/S3/multiple) (3/4/1/1) (1/0/1/0) 

 

 
right middle lobe 0 1 0.05 

 
(S4/S5/multiple) (0/0/0) (1/0/0) 

 

 
right lower lobe 14 3 0.77 

 
(S6/S7/S8/S9/S10/multiple) (2/0/2/2/7/1) (2/0/0/1/0/0) 

 

 
left upper lobe 12 3 1 

 
(S1 + 2/S3/S4/S5/multiple) (9/1/1/1/0) (3/0/0/0/0) 

 

 
left lower lobe 5 1 0.83 

 
(S6/S8/S9/S10/multiple) (1/0/0/3/1) (1/0/0/0/0) 

 
Procedure parameters 

   
Patient position supine 19 5 0.89 

 
prone 12 1 0.2 

 
lateral 9 4 0.26 

No. of puncture median 2 2 0.36 

 
(1/2/3/4) (4/25/9/2) (1/8/1/0) 

 
Pnx* after first 

puncture 

present 4 1 0.39 

absent 36 9 
 

Hemoptysis present 0 0 - 

 
absent 40 10 

 
Pnx*: Pneumothorax. 

 
Table 2. Final diagnosis between the two groups. 

  
Group 1 Group 2 

Malignant 
  

 
adenocarcinoma 19 6 

 
squamous cell carcinoma 5 1 

 
small cell carcinoma 5 0 

 
malignant mesothelioma 0 1 

 
metastases 4 1 

Benign 
   

 
epithelioid cell granuloma 2 0 

 
non-specific benign 5 1 
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Table 3. Diagnostic accuracy between the two groups. 

 
Group 1 Group 2 

True positive 29 9 

True negative 7 1 

False negative 3 0 

Non-diagnostic for malignancy 1 0 

Diagnostic accuracy 90% 100% 

 
Table 4. Results of lesions with diagnostic failure.  

No type Size LPCAL Pnx* Pathological diagnosis Final diagnosis 

False negative 
  

1 solid 42 16.4 (−) lymphoid infiltration adenocarcinoma 

2 solid 25 17 (−) fibrous tissue metastasis 

3 solid 18.3 16.7 (−) inflammation adenocarcinoma 

Non-diagnostic for malignancy 
 

4 solid 41.1 39.4 (−) necrotic tissue with 
a few malignant cells 

squamous cell carcinoma 

     
Pnx*: Pneumothorax. 

 
Table 5. Results of biopsies according to size and LPCAL between the two groups. 

 
Group 1 Group 2 

Malignant Size LPCAL Size LPCAL 

(mm) TP FN ND TP FN ND TP FN ND TP FN ND 

≤10 
   

4 
  

1 
  

2 
  

11 - 20 9 1 
 

7 3 
 

7 
  

4 
  

21 - 30 6 1 
 

7 
     

3 
  

31 - 40 6 
  

2 
 

1 1 
     

>40 8 1 1 9 
        

Total 29 3 1 29 3 1 9 0 0 9 0 0 

Benign SB NB ND SB NB ND SB NB ND SB NB ND 

≤10 1 
  

1 
        

11 - 20 
 

3 
  

1 
  

1 
    

21 - 30 
    

1 
     

1 
 

31 - 40 1 1 
  

1 
       

>40 
 

1 
 

1 2 
       

Total 2 5 0 2 5 0 0 1 0 0 1 0 

TP: true positive, FN: false negative, ND: non-diagnostic, SB: specific benign, NB: non-specific benign. 

 
Table 6. Results of biopsy lesions using fusion image. 

No Type Size LPCAL Pnx* Final diagnosis 

True positive 
   

1 solid 20 14.3 (−) adenocarcinoma 
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Continued 

2 part-solid GGN 17 14.7 (−) adenocarcinoma 

3 solid 4 2.8 (+) metastasis 

4 solid 17 26.9 (−) squamous cell carcinoma 

5 solid 18.5 22.5 (−) malignant mesothelioma 

6 part-solid GGN 38 12.2 (−) adenocarcinoma 

7 solid 12 16.4 (−) adenocarcinoma 

8 part-solid GGN 15 9.7 (−) adenocarcinoma 

9 solid 19.7 29.5 (−) adenocarcinoma 

True negative 
  

10 solid 15.5 21.9 (−) no malignancy 

Pnx*: Pneumothorax. 

3. Discussion 

Characteristics of the target lesions and procedure parameters may affect 
B-mode guided biopsy procedure accuracy. Liao et al. reported that the correct 
diagnosis of lesions (≤30 mm in diameter) was obtained in 48 of 50 (96%) peri-
pheral thoracic lesions [6]. Previous reports of US-guided thoracic biopsy indi-
cated that lesion-size did not influence the diagnostic accuracy [4] [6] [8] [9]. 
However, lesions that were not detected in the conventional B-mode alone may 
have been excluded in these reports. In this study, 10 of 50 lesions were detected 
using the fusion image, and the diagnostic accuracy of 9 (<30 mm in size) of 10 
lesions was 100% (9/9 lesions). Although a predictive statistical comparison of 
the diagnostic accuracy of the biopsy between the B-mode alone and the fusion 
image was not conducted in this study, the fusion image might be able to im-
prove diagnostic accuracy and clarify a relationship between yield and minimal 
lesion size. 

Jeon et al. reported that the diagnostic accuracy of US-guided biopsy using 
B-mode was significantly increased for lesions in which the pleural-lesion con-
tact area was ≥30 mm on the CT images [8]; moreover, for lesions with LPCAL 
values ≤ 30 mm, the diagnostic accuracy decreased from 98% to 85.4%. They 
concluded that US-guided biopsy of pulmonary lesions might be performed 
more easily when the lesion has a contact area as wide as the US window, which 
permits a flexible approach route. In this study, LPCAL showed no statistically 
significant difference between the two groups (p = 0.09). However, the LPCAL 
of 10 lesions using fusion image was <30 mm and the diagnostic accuracy was 
100% (10/10 lesions). On the other hand, the diagnostic accuracy of biopsy using 
B-mode alone decreased from 93.8% (15/16 lesions) to 87.5% (21/24 lesions) by 
using an LPCAL of 30 mm as the boundary criteria. For good sampling of 
US-guided biopsy of the lung, it is important that the needle tip passes exactly 
through the contact area. A false-positive contact area may be detected by 
B-mode alone, even if the lesion conspicuity is considered sufficient for biopsy. 
Diagnostic accuracy guided with fusion images may have a higher diagnostic 
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yield for lesions with LPCAL < 30 mm, although a larger prospective study is 
needed. 

In this study, no life-threatening symptoms were observed. Although pneu-
mothorax occurred immediately after the first puncture in five of 50 (10%) le-
sions, a chest tube was not placed due to the patients’ asymptomatic conditions. 
In previous reports related to transthoracic biopsy of peripheral thoracic lesions 
through US, the frequency of pneumothorax ranged from 2.6% to 4%, and the 
rate of chest tube drainage ranged from 0% to 1% [6] [16] [17]. Moreover, he-
moptysis was not observed during all procedures. Previous reports have indi-
cated that hemoptysis associated with US-guided lung biopsy is an uncommon 
complication [6] [16]. Thus, hemoptysis might rarely be a life-threatening con-
dition in patients undergoing biopsy under US guidance.  

This study had some limitations. First, it was a retrospective study and in-
cluded a small number of lesions using fusion image. Second, the final diagnosis 
was confirmed in surgically resected specimens obtained from only 15 lesions. 
Third, the choice to use fusion image was made by the same operator who per-
formed the procedure. Because the selection and management for a US-guided 
lung biopsy depends on the practice of the individual using US, lesion characte-
ristics can be altered by each operator. Finally, the possibility of asymptomatic 
patients with pneumothorax and bleeding associated with US-guided biopsy was 
not investigated. 

4. Conclusion 

Fusion images created using real-time US and CT may be useful for identifica-
tion of the minimal size of potential target lung lesions and may be more suita-
ble for improved yields with US-guided lung biopsy. 
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Abstract 

Background: Acute intestinal ischemia is an abdominal suffering occasioned 
by a sudden reduction of mesenteric blood circulation. It is a rare and potentially 
serious medical-surgical emergency, deadly in 50% to 100% of cases. Diagnosis 
is known to be difficult at the early stage during which a well-conducted treat-
ment may help reduce mortality. Multi-detector scanners were assessed to be 
far more sensitive and appropriate for the diagnosis of mesenteric ischemia 
than angiography. Objective: Study the tomodensitometric aspects of acute 
intestinal ischemia, and the traps of late diagnosis, in order to optimize the 
care and improve the prognosis of this disease. Patients and Methods: This 
is a prospective, longitudinal and descriptive study covering a period of nine 
(9) months. We have included all cases of acute intestinal ischemia. Results: 
Twenty (20) cases of acute intestinal ischemia were registered i.e. a frequency 
of 2.2 cases per month. The average age of the patients was 67.8 years with 0.7 
as sex ratio. Abdominal pain was noted in all cases. History of cardiovascular 
disease was found in seven (7) cases. Abdominal angioscan was performed in 
fifteen (15) cases. There was a suspected diagnosis upon request in ten (10) 
cases. The main intestinal lesions were the lack of parietal enhancement (13 
cases) and parietal thickening (12 cases). There were sixteen (16) cases of 
acute mesenteric ischemia and four (4) cases of ischemic colitis. The acute 
mesenteric ischemia was arterial in twelve (12) cases, venous in two (2) cases 
and mixed in two (2) cases. Diagnosis was made at the stage of intestinal in-
farction in eleven (11) cases. Ten (10) patients were operated and 10 others 
were treated medically. Thirteen (13) cases of death were registered. Conclu-
sion: Acute intestinal ischemia is a rare but serious disease. Abdominal pain 
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is the main ground for consultation. Diagnosis is often late and focuses on ab-
dominal CT angiography. An early diagnosis could help improve its prognosis. 
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1. Introduction 

Acute intestinal ischemia is an abdominal suffering occasioned by a sudden re-
duction of mesenteric blood circulation [1]. It can be organic or functional, 
permanent or temporary [2]. The concerned digestive structures include those 
that are vascularized by the celiac trunk, the upper and lower mesenteric arteries, 
as well as the portal vein pattern (portal vein, upper and lower mesenteric arte-
ries and the splenic vein) [3]. Classically, two entities are described: the arterial, 
venous or low flow mesenteric ischemia and ischemic colitis [3]. It is a rare and 
potentially serious medical-surgical emergency, occasioning death in 50% to 
100% of cases [1] [2] [3]. Diagnosis is known to be difficult at the early stage 
during which a well-conducted treatment may help reduce mortality [3]. Mul-
ti-detector scanners were assessed to be far more sensitive and appropriate in the 
diagnosis of mesenteric ischemia than angiography [4]. We have therefore un-
dertaken to highlight through the cases diagnosed at the RABTA Hospital of 
Tunis, the tomodensitometric aspects of acute intestinal ischemia and the traps 
of late diagnosis, in order to optimize the care and improve the prognosis of this 
disease.  

2. Patients and Methods 

Type and period of study: This is a prospective, longitudinal and descriptive 
study covering a period of nine (9) months from 1st February to 30th October, 
2016.  

Site of study: The Radiology, Medical-Surgical Emergency, General Surgery, 
Cardiovascular Surgery and Gastro-Enterology Units of the RABTA hospital in 
Tunis, served as the framework of study. The angioscan was available and regu-
larly used in the Radiology Unit.  

Population of study: We included all patients admitted to the Radiology Unit 
and the abdominal scan revealed signs of acute intestinal ischemia. 

Data collection and analysis: The data collection was done prospectively 
with a previously established data sheet. Anytime lesions of acute intestinal 
ischemia were noted in a patient, we went to his unit of origin to collect the in-
formation relating to his history, functional signs, scanner decisions and evolu-
tion. The data were typed and analyzed with a micro-computer using the Excel 
and Word softwares 2010 versions.  

Scanner device: The scanning examinations were done with a multi-detector 
Siemens Somatom plus 128 baretts scanner which is functional since 2016.  
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Ethical aspects: We got the authorization from the Hospital’s director, as well 
as all the various heads of the units concerned. We also got the informed consent 
of the patients or their dependents. Anonymity was respected for all the patients.  

3. Results 

3.1. Sociodemographic and Clinical-Biological Data 

Within nine months, we registered 20 cases of acute intestinal ischemia, i.e. 2.2 
cases per month. There were 12 women and 8 men. The patients’ average age 
was 67.8 years with extremes of 43 and 96 years. Cardiovascular history (high 
blood pressure, atrial fibrillation cardiac arytmy, atherosclerosis, coronary fail-
ure) was noted in 07 cases. Chronic renal failure was found in 05 cases. Five (05) 
patients did not have any known disease history. The diagnosis of acute intestin-
al ischemia was suspected by the clinician in 10 cases over the 20. A generalized 
acute peritonitis was suspected in 04 patients.  

3.2. Scanner Data  

The average deadline for the scan after the outbreak of the symptoms was 54 
hours i.e. 2.25 days with extremes of 1 and 15 days.  

3.2.1. Technical Data 
Technically speaking, an abdominal angioscan was performed in 15 cases and an 
abdominal scan with injection of a contrast dye in portal phase in 05 cases. In all 
cases where intestinal ischemia was suspected, we performed an abdominal an-
gioscan without injection, and then with injection of contrast dye in the arterial 
and portal phases.  

3.2.2. Semiological Data 
Figure 1 represents the distribution of intestinal lesions: The lack of parietal 
heightening was the most frequent lesion, noted in 13 cases (Figure 2(A)), fol-
lowed by parietal thickening noted in 12 cases (Figure 2(A)). 

Serious symptoms are represented in Table 1: Sixteen patients were having 
serious symptoms. There was intraabdominal fluid effusion in 13 cases, parietal 
pneumatosis in 06 (Figure 2(B)), aeromesentery in 02 cases (Figure 2(C)), he-
patic portal venous gas in 01 case, parietal tightening in 02 cases (Figure 2(C)), 
pneumoperitoneum in one case and intestinal distention in 03 cases (Figure 2(C)). 

The vascular lesions are distributed in Table 2: We noted 16 cases of me-
senteric ischemia and 04 cases of ischemic colitis. The mesenteric ischemia was 
arterial in 75%, venous in 12% and mixed in 12% of cases. Partial or total occlusion 
of the upper mesenteric artery (UMA) was noted in 10 cases (Figure 3(A)-(C)). 
Occlusion of the portal vein was noted in 03 cases (Figure 3(D)) and upper me-
senteric vein (UMV) occlusion in 03 cases (Figure 3(C) and Figure 3(D)). In 07 
cases, no vascular occlusion was viewed. Diffuse atherosclerosis was revealed in 
09 cases (Figure 3(B)) and 01 case of left intraventricular embolism was found.  

Table 3 illustrates the associated lesions: Visceral infarction (Figure 2(D))  

https://doi.org/10.4236/ojrad.2019.91005


Y. A. Bamouni et al. 
 

 

DOI: 10.4236/ojrad.2019.91005 51 Open Journal of Radiology 

 

 
Figure 1. Distribution of patients according to the intestinal lesions. n = 20.  
 

 
Figure 2. Abdominal angioscan with injection of contrast dye in portal phases, axial sec-
tions. (A) Thickening with lack of heightening of the left colonic lining (black arrow); 
mesenteric infiltration (white arrow); (B) Aeromesentery (white arrow), parietal tighten-
ing with intestinal distention (head of white arrow); (C) Parietalpneumatosis (white ar-
rows); (D) Splenic infarction (white arrows). 
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Figure 3. Abdominal angioscan with injection of contrast dye, in arterial phase in sagittal 
MIP reconstruction (A & B); coronal MIP reconstitution in portal phase (C & D). (A) 
Total obstruction of the celiac trunk (white arrow), total obstruction of the upper mesen-
teric artery (black arrow); (B) Stenosis of the upper mesenteric artery at 70% in its begin-
ning by a plaque of calcified atheromas (white arrow), diffuse atheromatous infiltration of 
the abdominal aorta; (C) Mixed obstruction of the upper mesenteric artery (black arrow) 
and the upper mesenteric vein (white arrow); (D) Total obstruction of the mesenter-
ic-portal venous axis (white arrow), intraabdominal fluid effusion (black arrow). 
 
Table 1. Distribution of patients according to symptoms of seriousness (n = 16). 

Symptoms of seriousness Number of cases Percentages 

Intra-abdominalfluid 13 80% 

Parietalpneumatosis pariétale 06 37% 

Aeromesentery 02 12.5% 

Hepatic portal venousgas 01 6.25% 

Parietaltightening 02 12.5% 

Pneumoperitoneum 01 6.25% 

Intestinal distention 03 18.75% 

 
Table 2. Distribution of patients according to the vascular lesions (n = 20).  

Vasculaires lesions Number of cases Percentages 

Lack of vascular occlusion: 07 35% 

A B

DC
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Continued 

Occlusion of the UMA 10 50% 

Occlusion of the celiac trunk 01 5% 

Occlusion of the LMA 01 5% 

Occlusion of the PT 03 15% 

Occlusion of theUMV 03 15% 

Occlusion of the LMV 02 10% 

Occlusion of the splenic vein 02 10% 

Atherosclerosis 09 45% 

Intraauricular thrombus 01 5% 

UMA: upper mesenteric artery; LMA: lower mesenteric artery; PT: portal trunk; UMV: upper mesenteric 
vein; LMV: lower mesenteric vein. 

 
Table 3. Distribution of patients according to the associated lesions (n = 17). 

Associated lesions Number of cases Percentages 

Mesenteric infiltration 08 47% 

Splenic infarction 06 35% 

Renal infarction 03 17.6% 

Liver infarction 01 5.9% 

Heterogenousliver 02 11.7% 

Portal hypertension (High Blood Pressure) 03 17.6% 

Intra-abdominalhydro-aerialcollection 02 11.7% 

Acute cholecystitis 01 5.9% 

Intra-abdominal tumors 
Chronic nephropathy kidneys 

05 
04 

29% 
23.5% 

 
that is splenic hepatic and renal in 10 cases; mesenteric infiltration in 08 cases, 
intra abdominal tumor in 05 cases, cholecystitis in 01 case and septic collection 
in 02 cases. 

3.2.3. CT Diagnostics 
We diagnosed 16 cases of acute mesenteric ischemia and 04 cases of ischemic 
colitis. According to the scanner-suspected seriousness, 11 cases of infarction 
were noted. Our 16 cases of acute mesenteric ischemia (AMI) were divided into 
12 cases of arterial AMI, 2 cases of venous AMI and 2 cases of mixed AMI. The 
12 cases of arterial AMI were due to thrombosis in 07 cases, embolism in 04 cas-
es and low flow in 01 case.  

3.3. Therapeutic and Evolutionary Data 

Ten (10) patients benefitted from an exclusive medical treatment, among them, 
5 patients were lost to follow-up. The ten patients operated had peroperative in-
testinal necrosis. In their evolution 13 patients died.  
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4. Discussion 

Our study had some limitations, especially the small size of our sample; the high 
number of patients lost to medical treatment who may have underestimated the 
mortality rate. Also we could not specifically link each CT sign to an intraoperative 
data. Nevertheless, our results are appreciable and we were able to lead a discus-
sion by comparing them and illustrating them by the data of the literature. 

Acute intestinal ischemia is a rare and serious disease [1] [5]. The frequency of 
2.2 cases per month is higher than the one noted by Kassaiaa in Morocco (0.3 
cases per month) [6] and by Sanouin Burkina Faso (0.1 case per month) [7]. 
Though it is rare, the frequency of mesenteric ischemia is increasing due to the 
combined fact of the increase of the population at risk and the improvement of 
diagnosis means, especially the access to angioscan [2] [5]. It is a disease of the 
elderly subject; the average age in our series is 67.8 years. It was 70 years in the 
series of Nuzzo et al. in France [2] [8]. Cardiovascular history was often noted in 
35% of patients in our series. [3] [8]. Abdominal pain was the ground for con-
sultation in all cases. A catastrophic abdominal pain contrasting with a normal 
clinical examination is the standard classic in acute mesenteric ischemia at the 
early stage. When physical symptoms are found like in half of our series, it 
means there is intestinal necrosis [9]. The average deadline for the scanner 
which is 54 hours after the outbreak of the symptoms may justify the bad prog-
nosis of the cases studied. In fact, at the physiopathological level, beyond the 
twelfth hour after the outbreak of the pain, start the lesions of intestinal necrosis 
[9] [10] [11]. 

Compared to the study by Leithmakiin Finland, the clinician suspected the 
diagnosis in 50% of cases against 30%. A good diagnosis can be achieved through 
an appropriate acquisition protocol and by informing the radiologist of the sus-
pected diagnosis [12] [13]. The lack of parietal heightening, noted in 13 cases 
over 20 is a quite specific symptom of acute intestinal ischemia (96% to 100%) 
but less sensitive (18% to 62%) [4] [12]. The lack of heightening, as well as intes-
tinal distention is significantly associated with peroperative intestinal necrosis 
[3] [4] [12]. Parietal pneumatosis also makes to suspect transmural necrosis. 
Cases of benign parietal pneumatosis were described, but when they are asso-
ciated with aeromesentery, they may be pathognomonic of intestinal necrosis [3] 
[4] [8]. The parietal thickening noted in 12 cases shows there is a mural oedema, 
and is most often reversible [2] [4]. It is the same for the severe parietal heig-
thening noted in 03 cases. In our series, these symptoms of reversible ischemia 
were often associated with other pejorative symptoms such as the lack of parietal 
thickening and parietal pneumatosis. The lack of bowel suffering symptoms re-
vealed by the scanner was noted in 02 cases. Generally, in such cases, the patient 
is sent back home by health workers wrongly reassured by a normal physical 
examination, biology and scanner [10] [12]. Partial or total UMA was found in 
10 cases. This confirms the fact that the cause is often arterial (75% in our se-
ries). Emile SH et al., over 101 patients, showed that the UMA occlusion is a 
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predictive factor of intestinal necrosis [4] [14]. Venous occlusion concerned the 
portal trunk in 03 cases and UMV in 03 cases. Portal thrombosis is often fa-
voured by the existence of portal high blood pressure, but it may be secondary to 
the extension of the UMV thrombosis [12] [15] [16]. UMV thrombosis is gener-
ally related to an infectious, inflammatory or digestive tumoral disease [4] [15] 
[17]. The lack of vascular occlusion was noted in 07 cases and often seen in cases 
of ischemic colitis or low flow arterial occlusion. It should be noted that in ar-
terial occlusions due to embolism, the emboli, when too distal, may not be rec-
ognized during the scanner [2] [4] [18]. Thus, several situations may lead to an 
unknown diagnosis: 
 The clinical trap before a poor clinical examination. 
 The biological trap before normal and non-specific biological examinations. 
 The radiologicaltrap: 
 Before a normal abdominal scanner at the early stage with a lack of digestive 

suffering, we must make sure a good technique is used (abdominal CT angi-
ography) and search for the vascular obstruction that will lead tothe diagno-
sis. 

 Before symptoms of digestive suffering without viewed vascular obstruction, 
we must remember that too distal emboli may not be well seen by the CT an-
giography, and therefore suggest the diagnosis if the clinical situation is con-
cordant.  

 Finally, be able to repeat an angioscan a few hours later, if there is a clinical 
suspicion and if the initial scanner is normal.  

The death rate of 65% in our seriesis almost similar to that of Kassaai 60% and 
inferior to that of Sanou 100% [6] [7]. Diagnosis is often late and the outcome 
fatal [7] [15] [19] [20]. When the patient survives he is often develops the short 
bowel syndrome [9] [10] [12]. 

5. Conclusion 

Acute intestinal ischemia is a rare but serious disease. Multi-detector CT scan 
has changed vascular explorations. Nowadays abdominal CT angiography is the 
gold standard to confirm a diagnosis. A good diagnosis requires a high level of 
clinical suspicion clearly mentioned in the request addressed to the radiologist. 
Improved prognosis starts with early diagnosis. 
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Abstract 

Objective: Bleeding during the first trimester of pregnancy is common and 
can be a sign of complication that often necessitates obstetric ultrasound for 
the assessment of the haemorrhage, and of fetal well being. The aim of this 
study was to determine the causes of first trimester bleeding on obstetrical ul-
trasound in our area. Method: It was a cross-sectional descriptive study dur-
ing a six-month period from May to October 2017. All women who referred 
to the Regional center of medical imaging of Ngaoundere who agreed to par-
ticipate in the study with first trimester bleeding were evaluated with clinical 
history and ultrasonography (US). Ultrasonographic exam was done via 
transabdominal or endovaginal approaches using GE LOGIQ 7 scanner 
brand. Microsoft Office Excel 2010 and SPHINX V 4.0 were used for data 
analysis. Results: A total of 121 of pregnant women who presented vaginal 
bleeding during the first trimester were enrolled into the study. These Ultra-
sound examinations represented 37.93% of all obstetric ultrasounds in the 
first trimester. The patients in this study ranged in age from 16 to 47 years 
with an average of 30 years. 50 (41.32%) were pregnant for the first time and 
24 (19.83%) were primiparous. Mean gestational age was 9 weeks with the 
extremes of 5 and 12 weeks. 97 (80.2%) reported spontaneous bleeding while 
in 24 (18.8%) bleeding was mostly caused by sexual intercourse 11 (45.8%). 
Pelvic pain 91 (75.2%) was the most associated sign. 36 (29.8%) patients were 
diagnosed as threatened abortions. 27 (22.3%) were diagnosed with incom-
plete abortions. 4 (3.3%) cases showed an ectopic gestation. 9 (7.4%) cases 
showed complete abortions. Concordance between clinical diagnosis and ul-
trasound results was 84%. Conclusions: Bleeding in the first trimester of 
pregnancy is common in our area. Ultrasonography occupies a prominent 
place in the etiological diagnosis of bleeding in the first trimester of pregnancy; it 
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is easy to find in most cases a responsible abnormality of bleeding. 
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1. Introduction 

First trimester bleeding is common in the emergencies and occurs to pregnant 
women who are 12 weeks or less of amenorrhea [1]. Spotting is the most com-
mon cause of bleeding caused by implantation of the conceptus into the endo-
metrium. The occurrence of first trimester bleeding per vaginum is estimated to 
be as high as 7% to 24% in early pregnancies [2]. About 50% of first Trimester 
bleeding lead to miscarriage; the primary causes of first trimester bleeding are 
spontaneous abortions, ectopic pregnancies, and gestational trophoblastic dis-
eases [3]. The diagnosis is usually clinical, based on physical examination and 
clinical history and is confirmed by ultrasound. Since its introduction, technol-
ogy has increased. Endovaginal ultrasonography represented a significant en-
hancement of this technology decreasing maternal morbidity and mortality. 
Now it is possible to detect an intrauterine gestational sac as early as five weeks. 
Clinical history and pelvic examination are often inadequate in assessing the 
cause and the prognosis. When ultrasonography reveals the nature of the preg-
nancy (viable/non-viable), unnecessary complications and misdiagnosis in first 
trimester bleeding can be avoided [2]. But the unavailability of ultrasound de-
vices and trained practitioners limit the use of this exam. Therefore this study 
was undertaken for assessment of bleeding in the first trimester of pregnancy at 
the Regional Hospital of Ngaoundere to identify the main causes whose know-
ledge can improve their management even in the absence of ultrasound. 

2. Methods 

We carried out a descriptive cross-sectional study. It took place at the Regional 
Center for Medical Imaging of Ngaoundere Regional Hospital from May to Oc-
tober 2017. This study included all patients up to 12 weeks of gestational age 
who agreed to participate in the study with first trimester bleeding referred to 
the center for ultrasonography examination. All patients with non-obstetrical 
causes of vaginal bleeding and whose records were not complete were excluded. 
Sampling was consecutive and exhaustive non probabilistic. Data was collected 
from the radiologist report and request forms of patients. All the patients were 
scanned using GE LOGIQ 7 Ultrasound. These studies was done using either a 
3.5 MHz probe trans abdominal. Transvaginal ultrasonography was performed 
when the patient’s bladder was empty and when the gestational week was 7 
weeks or less, using 4.2 - 6.5 MHz endocavitory probe. The variables studied 
were age, profession, gravidity, parity, heaviness of bleeding, ultrasound results 
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and concordance rate between clinical diagnosis and ultrasound diagnosis. To 
determine the amount of bleeding, it is based on the condition of the sanitary 
napkins during the duration of bleeding, if we observe that a point on the towel, 
we speak of spotting, if the towel partially soaked, the bleeding is light, if the to-
wel is completely soaked with debortment and blood clots one speaks of heavy 
bleeding. The concordance rate was calculated as the ratio of the number of ul-
trasound diagnosis to the number of clinical diagnosis multiplied by one hun-
dred. During ultrasound examination, the following findings was noted like ute-
rine size, presence and location of the gestational sac, crown rump length (CRL), 
cardiac activity, foetal movements, presence or absence of foetal pole an finally a 
study of adnexa and presence of any free fluid in the cul-de-sac. All the data col-
lected were analyzed using Microsoft Excel 2010 and Sphinx version 4.0 to pro-
duce frequency tables and charts. There was cross tabulations to explore rela-
tionship between variables. Ethical approval was obtained from the ethical 
Committee of Ngaoundere Regional Hospital 

3. Results 

One hundred and twenty one (121) women aged between 16 and 47 years old 
with an average of 30 years were enrolled in this study. The modal age group was 
30 to 34 years old representing 31.4% (Table 1), Most were housewives 54 (44.6%) 
and students 22 (18.1%) (Table 2). 50 (41.32%) were pregnant for the first time 
and 24 (19.83%) were primiparous. Mean gestational age was 9 weeks with the 
extremes of 5 and 12 weeks, the 6 to 10 weeks period were predominant (Table 
3). 97 (80.2%) reported spontaneous bleeding while in 24 (18.8%) bleeding was 
caused, mostly by sexual intercourses 11 (45.8%) (Table 4). The 36 (29.8%) pa-
tients were diagnosed as threatened abortions. 27 (22.3%) was diagnosed with 
incomplete abortions. 4 (3.3%) cases showed an ectopic gestation. 9 (7.4%) cases 
showed complete abortions (Table 5). 

There was a statistically significant relation (p = 0.001) between ultrasono-
graphy findings and the heaviness of bleeding (Table 6). There was a statistically 
significant relation (p = 0.002) between Ultrasonography results and the pres-
ence of blood clots and retained product of conception (Table 7). We notice that  
 
Table 1. Distribution of patients by age group. 

Age group Frequency Percentage (%) 

≤25 y 9 7.4 

26 - 29 y 33 27.3 

30 - 34 y 38 31.4 

35 - 39 y 20 16.5 

40 - 44 y 18 14.9 

≥45 y 3 2.5 

Total 121 100 
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Table 2. Distribution of patients by profession. 

Profession Frequency Percentage (%) 

Housewife 54 44.6 

Student 22 18.1 

Dressmaker 12 9.9 

Teacher 10 8.3 

Tradeswoman 6 5 

Nurse 4 3.3 

Secretary 3 2.5 

Farmer 2 1.7 

Other* 8 6.6 

TOTAL 121 100 

*Other = cashier, hairdresser, accountant, journalist, veterinary. 

 
Table 3. Distribution of patient by gestational age, gravidity and parity. 

 Frequency Percentage (%) 

Gestational age   

- ≤6 weeks 12 11.4 

- 6 to 10 weeks 79 75.2 

- 10 to 12 weeks 14 13.3 

Gravidity   

- Primigravida 50 41.32 

- Multigravida 71 58.67 

Parity   

- Primipara 24 19.83 

- Multipara 53 43.8 

 
Table 4. Distribution of patient by the causes and heaviness of bleeding. 

 Frequency Percentage (%) 

Bleeding   

- Spontaneous 97 80.2 

- Caused 24 18.8 

Heaviness of bleeding   

- Spotting 54 44.6 

- Light 34 28.1 

- Heavy 33 27.3 

Circumstances of occurrence   

- Sexual intercourse 11 9.9 

- Physical effort 3 2.47 

- Other* 10 8.26 

*Other = road accident, personal hygiene. 
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Table 5. Ultrasonography examination findings. 

USG Diagnosis Gupta N et al. [2] Aronu et al. [3] Priso B et al. [4] Present study 

Threatened abortions 72 (36%) 66 (65.3%) 73 (27.2%) 36 (29.8%) 

Incomplete abortions 40 (20%) 7 (6.9%) 26 (9.7%) 27 (22.3%) 

Stopped pregnancy - - 55 (20.5%) 22 (18.2%) 

Normal pregnancy - - 14 (5.2%) 19 (15.7%) 

Complete abortions 24 (12%) 9 (8.9%) 12 (4.5%) 9 (7.4%) 

Ectopic gestation 16 (8%) 3 (3%) 1 (0.4%) 4 (3.3% 

Anembryonic gestation 8 (4%) 1 (1%) 33 (12.3%) 3 (2.5%) 

Molar pregnancy 8 (4%) 3 (3%) 7 (2.6%) 1 (0.8%) 

 
Table 6. Distribution of ultrasonography examination by the heaviness of bleeding. 

  Bleeding   

USG findings Heavy light Spotting Total 

Threatened abortions 4 9 23 36 

Incomplete abortions 17 7 3 27 

Stopped pregnancy 3 12 7 22 

Normal pregnancy 1 3 15 19 

Complete abortions 6 1 2 9 

Ectopic gestation 1 1 2 4 

Anembryonic Gestation 1 1 1 3 

Molar pregnancy 0 0 1 1 

TOTAL 33 34 54 121 

 
Table 7. Distribution of ultrasonography results by the presence of blood clots and re-
tained product of conception. 

 
Blood clots Retained products of conception 

USC results Yes No Yes No 

Threatened abortions 13 23 3 33 

Incomplete abortions 22 5 2 25 

Stopped pregnancy 11 11 4 18 

Normal pregnancy 4 15 1 18 

Complete abortions 6 3 2 7 

Ectopic gestation 3 1 0 4 

Anembryonic Gestation 1 2 1 2 

Molar pregnancy 0 1 0 1 

Total 60 61 13 108 

 
patients with incomplete abortions had blood clots during bleeding. Therefore 
there is no statistically significant relation between ultrasound results and the 
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existence of retained products of conception (P = 0.056). The confrontation be-
tween the clinical diagnosis and the ultrasound results showed a concordance 
rate of 84% (Table 8). 

4. Discussion 

A total of 121 of pregnant women who presented vaginal bleeding during the 
first trimester referred to the center for an ultrasonography examination were 
enrolled into the study. These ultrasound examinations represented 37.93% of 
all obstetric ultrasounds in the first trimester, so this is a common pattern of ul-
trasound. The 121 women in this study ranged in age from 16 to 47 years with 
an average of 30 years. The target for these disturbances is logically made up of 
women of childbearing age. Patients aged between 30 and 34 years (31.4%) were 
more represented. This rate is in accordance with findings reported in similar 
studies [3] [4]. Most of them were housewives with a rate of 44.6% comparable 
to those of Albachar and Diarisso who had found a rate of 49.4% and 69.1% re-
spectively [5] [6]. This higher rate of housewives confirms that in our so-
cio-professional structure housewives are the most numerous. Most of them 
were multigravidas (80.2%) and pimiparous (56.2%). The risk of bleeding in-
creased with a large number of gesture due to dynamic changes of the uterus and 
cervix which become weak [5]. This bleeding occurs at all gestational ages be-
tween the implantation of the embryo in the uterus and 12 SA, mostly between 6 
- 10 weeks in 75.2% in our serie and 50.8% in that of Boco [7]. This period which 
follows the implantation of the conceptus into the endometrium remains fragile. 

In our study, 97 (80.2%) women reported spontaneous bleeding while 24 
(18.8%) bleeding were caused, mostly by sexual intercoursies 11 (45.8%). Indeed 
this period of pregnancy is delicate and the bleeding can occur even if the trau-
ma is minimal. 

The heaviness of bleeding occurring during first trimester pregnancies varies 
according to the etiology (p = 0.001). Patients with incomplete abortions had 
such heavy bleeding as those with complete abortions. It is important to estimate 
the heaviness of bleeding and to look for associated signs in order to assess the  
 
Table 8. Confrontation between clinical and USG based diagnosis. 

Category Clinical diagnosis USG diagnosis Normal USG 

Threatened abortions 46 36 9 

Incomplete abortions 35 27 5 

Stopped pregnancy 26 22 3 

Complete abortions 13 9 2 

Ectopic gestation 1 4 0 

Anembryonic Gestation 0 3 0 

Molar pregnancy 0 1 0 

Total 121 (100%) 102 (84%) 19 (16%) 
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patient’s hemodynamic status and evoking the etiology. The most common as-
sociated sign in our series is pain as and in the literature [6]. 

As ultrasonography findings, threatened abortion (29.8%) was the commonest 
cause of first trimester vaginal bleeding. This similar trend was observed in other 
studies [2] [3] [4] [7] [8]. Threatened abortion is the result of marginal abrup-
tion with separation of the chorion from the endometrial lining and subchorio-
nic hemorrhage which can lead to an abortion. On ultrasonography, subchorio-
nic hemorrhage (Figure 1) is either hypoechoic or echoic depending on the age 
of the blood products at the time of the US examination [4]. 

27 (22.3%) women were diagnosed with incomplete abortions. This rate is 
comparable to that of Yang and al, who found a rate of 23.1% [9]. Persistent va-
ginal bleeding after an abortion may be due to retained trophoblastic tissue, but 
these women may also present with symptoms of infection, including pain and 
fever [10]. Findings on US are heterogeneous hypoechoic material in the endo-
metrial cavity consistent of retained trophoblastic tissue and blood clots (Figure 
2). 

There were 22 (18%) cases of stopped pregnancies (fetal demise). Belley Priso 
and al found a rate of 20%. As US features, there was an ovular gestational sac 
containing an embryo with no cardiac activity detected [4]. This may occur 
during the early stages of pregnancies usually under 10 weeks gestational age. 

Bleeding from an ectopic pregnancy is the most dangerous cause of first tri-
mester bleeding. It concerned 3.3% of the cases in our study. Belley and al found 
a rate of 5.2%. It occurs when the fertilized egg is implanted outside of the ute-
rus, most often in the Fallopian tube. The ultrasonographic finding was the visu-
alization of an annular adnexal mass containing a viable embryo or not (Figure 
3), sometimes with a hemoperitoneum with an empty uterus [4]. The incidence 
is higher in patients with a history of prior ectopic pregnancy, previous pelvic 
inflammatory disease, tubal disease, presence of an intrauterine device, and in 
those undergoing in vitro fertilization [11]. 
 

 
Figure 1. USG shows a massive subchorionic hemorrhage (calipers) surrounding the 
gestational sac. 
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Figure 2. Retained products of conception in the uterine cavity. 
 

 
Figure 3. Abnormal location of the gestational sac (red arrow) in the right side of the 
empty uterus (red star). 
 

9 (7.4%) were diagnosed as complete abortion. This rate is similar to those of 
Coulibaly who found a rate of 9.1% [1]. The causes of this are various, the pres-
ence of myomas, the genetic abnormalities, the infectious diseases such as mala-
ria. The uterus appears to be empty based on ultrasound evaluation. 

An anembryonic pregnancy (blighted ovum) is an early failure of the embryo 
to develop within the GS. 3 (2.5%) patients were diagnosed with blighted ovum. 
Diarisso in 2011 found a rate of 4.3% [6]. The ultrasonographic finding was the 
visualization of a gestational sac within the uterus with an irregular contour 
without embryos which can contain a Yolk sac (Figure 4).  

Molar pregnancy is the most common gestational trophoblastic disease. It re-
sults from the fecundation of a single egg with no active nucleus, which means 
all the chromosomes present in the hydatidiform mole are paternal [12]. It was 
diagnosed in one patient (0.8%) which is less than those found in similar studies 
[2] [3] [4] [7]. Ultrasound examination showed a heterogeneous echogenic en-
dometrial mass with multiple variable-sized cysts (‘‘Swiss cheese’’ or ‘‘snows-
torm’’ endometrium) and no visible embryo (Figure 5). 

Correct management of cases depends on correct diagnosis. In our study  
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Figure 4. Gestational sac without an embryo. 

 

 
Figure 5. Complex mass in the uterine cavity with multiple tiny cystic spaces within it 
(red arrows) compatible with a hydatidiform mole. 
 
concordance between clinical diagnosis and ultrasonographic diagnosis was 
84%. 3 (2.5%) cases of anembryonic gestation and 1 (0.8%) case of molar preg-
nancy were diagnosed based on USG, none of them were diagnosed clinically. 
This concordance rate in our study is relatively high, but low compared to most 
studies where the concordance rate varies from 96% to 100% [3], this is certainly 
due to the disparity in the level of precrisptors which varies from nurse to obste-
tric gynecologist through midwives. Aronu and al found that the highest con-
cordance between clinical diagnosis and ultrasonographic diagnosis was ob-
served in Obstetrics and Gynecology specialist group [3]. There was a statistical-
ly significant relation (p = 0.001) between ultrasonography findings and the hea-
viness of bleeding. Patients with incomplete abortions had heavy bleeding than 
those with complete abortions. While those with stopped pregnancies had a light 
bleeding even when it’s well known that among intrauterine pregnancies, light 
bleeding or spotting of short duration does not increase the risk of miscarriage 
[13]. There was a statistically significant relation (p = 0.002) between Ultrasono-
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graphy results and the presence of blood clots and retained product of concep-
tion. We noticed that patients with incomplete abortions had blood clots during 
bleeding. Therefore there is no statistically significant relation between ultra-
sound results and the existence of retained products of conception (P = 0.056). 
In normal viable intra uterine pregnancy bleeding was spontaneous or induced 
coming from the closed cervix. Heavy bleeding occurred mainly in incomplete 
and complete abortions, while spotting and light bleeding occurred in threat-
ened abortions, viable intra uterine pregnancy and stopped pregnancies. Pelvic 
pain 91 (75.2%) was the most reported associated sign. In threatened abortions, 
stopped pregnancies, incomplete and complete abortions, the bleeding was 
spontaneous which comes from the uterus. Threatened abortions, incomplete 
abortion, stopped pregnancy, molar pregnancy and ectopic pregnancy were 
characterized by metrorrhagia, pelvic pain, adnexal mass, an open or not cervix 
and were confirmed only on ultrasound, which was the only way to diagnose 
ectopic pregnancy, anembryonic pregnancy, and molar pregnancy [14]. 

5. Limit of the Study 

Nonspecific sonographic findings in a patient with first trimester bleeding 
should be correlated with serum beta hCG levels to arrive at an appropriate clin-
ical diagnosis, what is not the case in our study and what makes the diagnosis 
often difficult. Limitations of this study also include the difficulty to assess the 
outcome of pregnancies, most of the patients did not come back to attend their 
prenatal follow-up. 

6. Conclusion 

Bleeding in the first trimester pregnancies is a very common obstetrical problem, 
indeed is a frequent cause for assessing ultrasound scans at the regional hospital 
of Ngaoundere. It is a source of anxiety both to the patients and the obstetrician. 
This study shows that it is the common problem in 26 - 34 age pregnant women. 
The most common causes of first trimester bleeding are threatened abortions, 
incomplete abortions, stopped pregnancies, complete abortions, ectopic gesta-
tion, anembryonic gestation and molar pregnancy. 15.7% of pregnancies with 
first trimester bleeding are normal. Our study has shown the low concordance 
between clinical diagnosis and ultrasonographic diagnosis compared to other 
studies. This highlights the need for availability of ultrasound devices and 
trained sonographers to guide the clinician for better management of cases. 
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Abstract 

Background: Childhood cerebral malaria is one of the most frequent com-
plications of malaria, with high morbidity and mortality. Raised Intracranial 
Pressure (ICP) is currently recognized as a fundamental element of the sever-
ity of that disease. This study aims to look into the prognostic role of the so-
nographic measurement of optic nerve sheath diameter (ONSD) in the con-
text of that disease. Methods: This study was conducted in the pediatric and 
imaging departments of the University Hospital Center of Parakou in Repub-
lic of Benin in West Africa. This was a descriptive cross-sectional study with a 
prospective data collection conducted over a period of 6 months, from March 
1st to August 31st, 2014. There were two groups of children with severe mala-
ria and conscious impairment: one with unrousable coma or Cerebral Malaria 
(Group 1) and the other without unrousable coma (Group 2), benefitting 
from ONSD sonographic measurement. ONSD was measured 3 mm behind 
the papilla. Correlation between depth of coma, outcome and ONSD measure 
on ultrasound was investigated. Results: Group 1 consisted of 37 children 
and Group 2 of 50 children, i.e. a sample of 87 children. The mean age was 
27.21 ± 20.11 months and sex ratio (Male/Female) estimated at 0.89. The av-
erage ONSD of the sample was 4.39 ± 0.94 mm with a significant difference 
(p = 0.0001) between Group 1 (5.09 ± 1.09 mm) and Group 2 (3.87 ± 0.17 
mm). Raised ICP prevalence was 48.28% with a significant difference between 
Group 1 (83.78%) and Group 2 (22%) with p < 0.0001. ONSD was higher in 
children with unfavorable clinical outcome than in those cured (p = 0.0012). 
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Conclusion: Sonographic measurement of ONSD could be a leading prog-
nostic tool in childhood cerebral malaria management. 
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1. Introduction 

Malaria is a critical public health disease in developing countries. In Africa, one 
child dies of malaria every minute. In its neurological form due to Plasmodium 
falciparum, severe malaria is a common cause of death and neurological seque-
lae in Sub-Saharan Africa [1] [2]. There are two classical forms of severe malaria 
with conscious impairment i.e. one without unrousable coma and the other with 
unrousable coma also called “pernicious malaria” or cerebral malaria (CM). The 
pathophysiology of CM is still poorly clarified. However, several studies demon-
strated the presence and the role of raised intracranial pressure (ICP) in the oc-
currence of deaths and neurological sequelae [3] [4] [5] [6] [7]. The reference 
method for the diagnosis (gold standard) of raised ICP is continuous measure-
ment of ICP with intraventricular catheter or intraparenchymal sensor. That 
method is invasive and requires neurosurgical expertise; it also exposes the pa-
tient to infectious, mechanical and/or hemorrhagic complications, and is often 
not available in developing countries [8]. Therefore, the diagnosis of raised ICP 
mostly relies on clinical examination and optic examination of the eye fundus. 
Nevertheless, papilledema in case of raised ICP is classically described as late and 
rarely observed in the infant. The fundus also helps perform the diagnosis of 
malaria retinopathy, which, according to many authors, would be an important 
diagnostic and prognostic element of CM [9] [10].  

For many years, several authors demonstrated that sonographic measurement 
of optic nerve sheath diameter (ONSD) is accurate, reproducible and that it 
helps to diagnose raised ICP [8] [11]-[17]. In addition, this exam, which is af-
fordable, accessible and available in developing countries, allows non-invasive 
reassessments of ICP. This technique was used in many research works to evi-
dence the raised of ICP during CM, especially in the child [5] [14] [18]. Can the 
optic nerve sheath diameter measured using ultrasonography be a prognostic 
tool for children suffering from CM and thus contribute to providing their better 
care? The aim of this study is to evaluate the possible prognostic role of sono-
graphic measurement of optic nerve sheath diameter for cerebral malaria in 
children. 

2. Methods 

It was a cross-sectional study with descriptive and analytic purpose conducted 
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over a period of six months from March 1 to August 30, 2014. It was conducted 
in the Borgou Regional University Teaching Hospital (CHDU-B) located in Pa-
rakou (Northern Benin). CHDU-B is a second-level referral center, where there 
are treated patients from all the Northern regions of the country. The study took 
place in the pediatric unit of that hospital. That unit is a ward of approximately 
50 beds and it performs 3500 outpatient consultations and 4000 to 5000 hospita-
lizations per year. 

2.1. Study Population 

The sample consisted of 87 children suffering from severe malaria with con-
scious impairment hospitalized in the CHDU-B pediatric unit. Two groups were 
set up: 
- Group 1 consisted of 37 children suffering from severe malaria with unrous-

able coma or “pernicious malaria” or CM; 
- Group 2 consisted of 50 children suffering from severe malaria with con-

scious impairment but without unrousable coma. We have termed these pa-
tients as severe malaria with impaired consciousness. 

The sampling was exhaustive, with consecutive selection following the order 
of admission to the pediatric unit. 

A malaria diagnosis was adopted in all cases based on a blood smear contain-
ing asexual forms of Plasmodium falciparum. 

The diagnosis of CM is adopted when there was a nonreactive coma i.e. an 
absence of reaction to nociceptive stimuli (Blantyre coma score ≤ 2 for children 
under 5 years; pediatric Glasgow coma score ≤ 9 for those above 5 years of age). 
That coma must last more than one hour after the end of a generalized seizure, 
after the administration of an anti-convulsant treatment, or after the adequate 
treatment of hypoglycemia. An absence of other etiologies of encephalopathy 
(metabolic disorders, hypoglycemia, meningitis, meningoencephalitis, severe 
anemia) in order to adopt that diagnosis [19]. 

The diagnosis of severe malaria with conscious impairment without unrousa-
ble coma (severe malaria with impaired consciousness), was adopted when state 
of consciousness was altered (pediatric Glasgow coma score < 15 and > 9 for 
children above 5 years of age or Blantyre coma score < 5 and >2 for those under 
5 years of age) with one or several signs of neurological severity (repeated con-
vulsions, lethargy, prostration, sign of decerebrate rigidity, sign of decorticate 
posturing, opisthotonos or other sign) [19] 

For treatment, 85 children were treated with quinine salts by intravenous 
perfusion (10 mg/kg/8 h in a serum glucose of 20 ml/kg in 4 hours every 8 hours 
till awakening) and 2 children, all in Group 2, were treated with injectable arte-
misinin derivatives (4 mg/kg on the first day and 2 mg/kg from the second to the 
5th day). All the children benefitted from perfusion of 10% hypertonic serum 
glucose. Sixteen children (18.4%), 5 (13.51%) from Group 1 and 11 (22%) from 
Group 2, received a transfusion of packed red blood cells. All the children from 
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Group 1 and 12 children (24%) from Group 2 were put on oxygen. Two months 
after the children’s discharge a clinical follow-up was done to monitor any se-
quelae of the illness or treatment. 

2.2. Selection Criteria 

All the children hospitalized for severe malaria with conscious impairment dur-
ing the study period were involved in the study. The study excluded all children 
with an obito-ocular disease or any other cause impeding the performance of 
optic nerve utra-sound, those with a history of psychomotor development dis-
orders or neurological deficits and those with another disease likely to explain 
altered state of consciousness. 

Information was entered based on children’s medical record and then tran-
scribed on data collection forms drafted for that purpose. An additional ques-
tionnaire for children’s parents and/or nursing staff was sometimes necessary. 
ONSD ultrasound measurements were directly transcribed on those forms. 

2.3. Ultrasound Examination 

An ophthalmic ultrasound with optic nerve measurement was performed among 
all children involved within a maximum of twelve (12) hours after admission. 
Examinations were performed using a multi-frequency linear probe (5 - 10 
MHz) of a Mindray Digi Prince DP 8800 Plus machine. For ONSD measure-
ment, the child was put in supine position and after applying a gel layer on the 
upper eyelid, the operator used a linear probe on the latter in the middle posi-
tion. Two sections (sagittal and transverse) of optic nerve were performed and 
the ONSD was measured at 3 mm down the back of the eyeball with the elec-
tronic cursors placed on the external limits of the nerve sheath perpendicularly 
to its axis (Figure 1). We carried out two measurements for each eye: a measure 
in the transverse plane and a measure in the sagittal plane. 
 

 
Figure 1. Ultrasound image of the optic nerve (ON) showing the technique of ONSD 
measurement. 
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The older children were required to keep their gaze directed at the zenith, thus 
enabling positioning of the papilla and the optic nerve in front of the probe. In 
the cases where children’s cooperation could not be obtained, particularly 
among the youngest ones, the ultrasound probe was handled until an adequate 
image of the optic nerve was obtained. In those cases, the ‘‘loop’’ (or cinema) 
mode was used.  

The optic nerve is measured three millimeters posterior to the disc (Figure 1) 
perpendicular to its axis sliders being positioned on the external boundaries of 
the sheaths. 

A patient’s ONSD value corresponds to the average of the following four 
measures: 

ONSD = (RESO + REAO + LESO + LEAO)/4 

RESO = Right Eye Sagittal ONSD; REAO = Right Eye Axial ONSD 

LESO = Left Eye Sagittal ONSD; LEAO = Left Eye Axial ONSD 

An ONSD higher than 4 mm in children under 48 months of age and higher 
than 4.40 mm in those older was considered raised and symptomatic of a raised 
ICP [20]. 

The study variables were age, sex, optic nerve sheath diameter (ONSD), and 
altered consciousness. The latter was classified according to pediatric Blantyre or 
Glasgow coma scores as the case may be. In addition, a study variable was also 
the clinical outcome of sick children (deaths, recovery with or without sequelae): 
cured, with sequelae, deceased. 

2.4. Statistical Analyses 

The data collected were entered with Epi data software and processed with 
STATA software. Fisher’s exact test was used to compare the proportions and 
Kruskal-Wallis non-parametric test to compare the averages. A p-value lower 
than 0.05 was considered as significant. The correlations were assessed by means 
of Bravais-Pearson r correlation co-efficient. 

This research work got the approval of the local ethics committee and parents 
of children involved in the study. They were given information in their own 
language and we got their verbal and sometimes written informed consent. 

3. Results 

During the study period, 597 cases of severe malaria were treated in the 
CHD-Borgou pediatric unit. Eighty-seven (87) children suffering from severe 
malaria with conscious impairment were involved in the study. Two groups were 
formed: Group 1 consisted of 37 children with CM and Group 2 consisted of 50 
children without unrousable coma. 

3.1. Age and Sex of the Study Population 

The characteristics of children’s age and sex are shown in Table 1. There was no  
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Table 1. Children distribution according to sex and age. 

 Group 1 (n = 37) Group 2 (n = 50) Total (n = 87) 

Age (in month)    

Mean ± SDa 34.08±23.19 22.14±15.92 27.21 ± 20.11 

Extremes (min-max) (4 - 96) (4 - 84) (4 - 96) 

Sex    

Male (%) 14 (37.84) 27(54.00) 41(47.13) 

Female (%) 23 (62.16) 23 (46.00) 46 (52.87) 

Sex Ratio (M/F) 0.61 1.17 0.89 

aStandard Deviation. 

 
difference between the two groups (p = 0.135) regarding the sex. Group 1 child-
ren were older than the ones from Group 2 (p = 0.0149). 

3.2. ONSD and Raised ICP Prevalence 

ONSD was accurately measured in all the children involved (see Figure 2). 
Table 2 provides a summary of ONSD values of both groups. The ONSD of 

Group 1 children was significantly higher than the one of Group 2 children 
(Chi2 = 28.61; p = 0.0001). 

Among the 87 children in the sample, 42 had an ONSD measurement higher 
than the expected value i.e. a raised ICP of 48.28%. In Group 1, that prevalence 
was 83.78% (31 children) compared with 22% (11 children) in Group 2 (p < 
0.0001). 

3.3. ONSD and Age 

Figure 3 shows the distribution of ONSD values according to age in Group 1 (r 
= 0.27 and n = 37) and Figure 4 the one in Group 2 (r = 0.66 and n = 50). 

3.4. ONSD and Impaired Consciousness 

In our study, we had no case of coma at stage. Table 3 gives a summary of 
ONSD values in mm according to depth of coma (stage) in the sample. 

3.5. ONSD and Evolution 

In Group 1, 22 children (59.5%) were cured without sequelae, 8 (21.6%) recov-
ered but with sequelae and 7 (18.9%) died. As sequelae, we observed: muscle 
contracture in the limbs in 4 cases, loss of ambulation as psychomotor retarda-
tion, deafness, aphasia and blindness in each of the cases. There was a difference 
between the NOSD measures in the different groups of children (p = 0.0014). 
The NOSD measure was smaller for children who recovered without sequelae 
than for those who had sequelae (p = 0.023) and those who died (p = 0.002). No 
difference was noted between children with sequelae and those who died (p = 1). 
Table 4 summarizes the ONSD of children in this group according to evolution. 
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Figure 2. Examples of ultrasound measurements of the optic nerve. (a) Normal diameter 
optic nerve (4.02 mm) in a 4 year old child of Group 2; (b) Increased diameter optic nerve 
(6.01 mm) in a 4 year old child of Group 1 with an unfavorable course; decease. 
 

 
Figure 3. ONSD linear regression line according to age of children in Group 1 (CM). 

 

 
Figure 4. ONSD linear regression line according to age of children from Group 2. 
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Table 2. Sample ONSD values in mm. 

 Average ± SD Min Max IC 95% p value 

Group 1 (n = 37) 5.09 ± 1.09 3.38 7.10 4.727 - 5.453 
0.0001 

Group 2 (n = 50) 3.87 ± 0.17 3.44 4.30 3.825 - 3.922 

Total (n = 87) 4.39 ± 0.94 3.38 7.10 4.191 - 4.591  

*Standard Deviation. 

 
Table 3. ONSD values in mm according to depth of coma in the sample. 

 Average ± SDa Min Max IC 95% p value 

Stage I (n = 43) 3.88 ± 1.79 3.44 4.30 3.823 - 3.933 

<0.0001 Stage II (n = 35) 4.76 ± 1.11 3.38 7.10 4.382 - 5.146 

Stage III (n = 9) 5.40 ± 0.94 3.46 6.65 4.662 - 6.115 

Total (n = 87) 4.39 ± 0.94 3.38 7.10 4.191 - 4.591  

aStandard Deviation. 

 
Table 4. ONSD values (in mm) according to clinical progression in Group 1. 

 Average ± SDa Min. Max. IC 95%. p value 

Recovery without sequelae (n = 22) 4.58 ± 0.91 3.38 7.00 4.172 - 4.983 

p = 0.0012 Recovery with sequelae (n = 8) 5.96 ± 1.16 3.48 7.10 4.996 - 6.932 

Deaths (n = 7) 5.70 ± 0.45 4.98 6.30 5.280 - 6.112 

Total (n = 37) 5.09 ± 1.09 3.38 7.10 4.727 - 5.453  

aStandard Deviation. 

 
In Group 2, 49 children (98%) had a satisfactory clinical progression, their av-

erage ONSD was 3.87 ± 0.17 mm with extremes of 3.44 and 4.30 mm. In this 
group, one child died and his ONSD was 3.91 mm (p = 0.7552). 

4. Discussion 

In this research work we examined the importance that ONSD sonographic 
measurement could have as prognostic tool for cerebral malaria (CM). Actually, 
although patho-physiology is poorly clarified, raised ICP presence during CM 
had been established by several studies [3] [4] [5] [7] [10] [18] [21]. The severity 
of that raised ICP would be a critical factor in the prognosis of that disease [7] 
[21]. Raised ICP diagnostic tools are variable. Cerebro-spinal fluid (CSF) open-
ing pressure is commonly used in the absence of the reference method: conti-
nuous measurement of intracranial pressure (ICP) with intraparenchymal sen-
sor or intraventricular catheter. Those two methods are invasive and likely to 
produce adverse effects [8]. Besides, their availability is limited in countries with 
few and poor quality health facilities where Plasmodium falciparum malaria is 
endemic. The first re-search works carried out to point out raised ICP during 
CM had used CSF opening pressure by lumbar puncture [3] [22]. Then, CT [4] 
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[18] [23] and MRI [7] [24] cross-sectional imaging techniques were imple-
mented to identify ICH. Those cross-sectional techniques are expensive and 
their availability is also limited in countries affected by CM.  

Sonographic optic nerve diameter measurement is a relatively recent tech-
nique used for raised ICP diagnosis [25] [26]. It is a noninvasive technique, 
which is available in most of health facilities of developing countries. Many stu-
dies [14] [15] [27] [28] [29] [30] had confirmed its reliability and reproducibility 
in raised ICP assessment. Moreover, several studies had identified ONSD nor-
mal values in children [11] [25] [31] [32], including one performed within a 
population similar to that in this study [20]. Therefore, it is an excellent alterna-
tive to the other methods used for raised ICP identification in children with CM 
in developing countries. 

4.1. Optic Nerve Ultrasound and Raised ICP Prevalence within the  
Study Population 

In this study, optic nerve ultrasound determined an ONSD average value of 4.39 
± 0.94 mm and identified a raised ICP in 48.28% of the subjects. This raised ICP 
prevalence is similar to the one found by Beare et al. in Malawi in 2012 (49%) 
within a population of children with severe malaria, all forms combined [5]. A 
prevalence lower than 33.33% was identified by Murphy et al. in Uganda in 2011 
in children suffering from malaria (uncomplicated forms included) [18].  

ONSD average and raised ICP prevalence was higher (p < 0.0001) in Group 1 
(5.09 ± 1.09 mm and 83.78%) than in Group 2 (3.87 ± 0.17 mm and 22%). These 
findings confirm raised ICP role in the severity of neurological disorders in se-
vere malaria with conscious impairment.  

Raised ICP role in the disorders of consciousness in severe malaria with con-
scious impairment affected children is also suggested in this study by the signif-
icant increase (p < 0.0001) of ONSD average measurement associated with se-
verity of coma (Table 3). 

4.2. ONSD and Age 

In healthy children, ONSD raises with age and this growth occurs especially 
within the first 48 months of life [11] [20] [26]. That correlation continues dur-
ing severe cerebral malaria without unrousable coma (Group 2) with an average 
correlation of r = 0.66; whereas in the series of children suffering from CM 
(Group 1) that correlation between ONSD and age becomes low (r = 0.27). This 
reflects the fact that in children suffering from CM, as clinically defined, raised 
ICP occurs in varying degrees.  

Clinically, raised ICP can also be identified through the presence of papille-
dema in the fundus. Unfortunately, this is a late onset sign and its reliability is 
limited. Several research works have noted the absence of correlation between 
presence of papilledema and an unfavorable clinical progression [7] [33]. How-
ever, other studies have demonstrated that the presence of papilledema is highly 
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associated with death [34]. Furthermore, papilledema is more common among 
children with raised ONSD [5]. Papilledema may be associated with the follow-
ing signs of malaria retinopathy: retinal pallor, vascular changes and retinal he-
morrhages. Those malaria retinopathy signs are common and encountered in 
most cases of CM [35]. In malaria-endemic areas, these are signs that help diffe-
rentiate comas due to malaria from other etiologies of coma [35] [36]. Besides, 
in developing countries the most sensitive technique for identifying those signs 
(indirect ophthalmoscopy) is expensive and its availability is limited [35]. 

4.3. ONSD and Outcome 

In our series, the ONSD of children with sequelae or those who died was signifi-
cantly higher than the one of children who are cured (p < 0.0001). But no dif-
ference was noted between the ONSD of deceased children and those of children 
with sequelae. There are serious reasons to fear adverse clinical progression (se-
quelae or death) in any child with severe cerebral malaria with an ONSD greater 
than or equal to 5 mm (Table 4). Newton et al. had also reported in 1997 that 
children with a severe raised ICP had more frequent sequelae [21]. In 2012, 
while concluding their research work conducted on CM, Beare et al. also re-
ported a significantly raised ONSD identified in children discharged with seque-
lae compared to children who recovered [5].  

5. Conclusion  

Sonographic measurement of ONSD, a technique available in developing coun-
tries, could be a leading prognostic tool in the management of childhood CM. In 
this study, children who died or had sequelae had a higher ONSD than the oth-
ers. An ONSD greater than or equal to 5 mm can be considered as a factor of 
poor prognosis in child suffering from CM. 
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Abstract 

Background: 4D-CT has been used to localize the parathyroid adenomas and 
hyperplasia since 2006 as a second line study after TC-99 m MIBI and ultra-
sonography. However, multiple studies have shown that 4D-CT is a robust 
imaging method with high diagnostic accuracy, becoming increasingly popu-
lar among surgeons and radiologists. Purpose: To assess the diagnostic per-
formance of 4D-CT scans to identify the pathologic gland(s), using pathology 
and intraoperative findings as gold standards. Methods: We analyzed patients 
with primary and secondary hyperparathyroidism who had intraoperative 
reports, pathology, parathyroid hormone levels, and preoperative 4D-CT. 
Histology, surgical findings, and decreased parathyroid hormone levels were 
used as gold standards. The sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), accuracy and 95% confidence inter-
val were calculated. Fleiss’ kappa was used to assess the inter-observer agree-
ment. Results: Sixty-seven patients were included. Sixty-two patients had a 
single adenoma, and five patients had a multiple gland disease (adenomas or 
hyperplasia). A total of 72 glands were proven to have parathyroid adenomas 
or hyperplasia. The sensitivity, specificity, PPV, NPV and accuracy are 85%, 
97%, 96%, 87% and 91% for lateralization and 76%, 96%, 85%, 92% and 90% 
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for quadrant localization, respectively in single-gland disease. The sensitivity, 
specificity, PPV, NPV and accuracy are 88%, 100%, 100%, 50% and 90% for 
lateralization and 71%, 100%, 100%, 60% and 80% for quadrant localization 
respectively in multiple-gland disease. Fleiss’ kappa value is 5.6 (moderate in-
ter-observer agreement). Conclusion: 4D-CT is a robust method in the loca-
lization of hyperfunctioning parathyroid glands with high accuracy and at 
least moderate inter-observer agreement. 
 

Keywords 
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1. Introduction 

Primary hyperthyroidism (PHPT) is characterized by unregulated excessive se-
cretion of parathyroid hormone (PTH) resulting in hypercalcemia, most often 
due to a single parathyroid adenoma (85%), and less frequently by multiple 
adenomas/hyperplasia (10% - 15%) and carcinomas (<1%) [1]. Secondary hyper-
parathyroidism (SHPT) occurs when the parathyroid glands are stimulated by 
chronic hypocalcemia, usually in the setting of chronic renal failure [2]. Para-
thyroidectomy is the only curative treatment for symptomatic PHPT [3] and 
medically refractory SHPT [4]. Historically, this was carried out through bilater-
al neck exploration to identify the hyperfunctioning lesions. Although effective 
from a therapeutic standpoint, this technique is associated with higher rates of 
complications compared to focused surgical approaches [5]. 

In an effort to decrease the rates of complications as well as the length of hos-
pital stays and medical costs, less invasive surgical procedures have been devel-
oped. Directed parathyroidectomy is one such technique, which is frequently 
combined with pre-operative and intra-operative localization of parathyroid le-
sions and intra-operative parathyroid hormone (PTH) levels [6]. A serial de-
crease in PTH levels over 50% and eucalcemia at six months after parathyroidect-
omy are diagnostic for cure [7]. Imaging modalities traditionally used for preo-
perative localization include technetium-99 m labeled sestamibi-SPECT (MIBI) 
and ultrasound (US). Although both modalities exhibit good specificity, they 
have relatively low sensitivity for lesion detection especially in multigland dis-
ease [8]. Ultrasound is further limited in its ability to assess mediastinal lesions 
and is highly operator-dependent, while sestamibi-SPECT is limited by spatial 
resolution and variabilities in imaging techniques [9]. 

Interest in new imaging techniques that offer increased anatomic coverage as 
well as improved spatial resolution has led to the development of 4D-CT. This 
dynamic multiphase CT imaging technique is based on the principle of altered 
attenuation of parathyroid lesions (adenoma(s) and hyperplasia) during non-
contrast, arterial and venous phases [10]. In theory, 4D-CT may provide precise 
localization of lesions allowing for minimally invasive surgery, detect ectopic le-
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sions (such as mediastinal lesions) that may alter the surgical approach, and also 
enhance the evaluation of nearby structures (such as thyroid glands) for preo-
perative planning [11]. Multiple previous studies have shown a high accuracy of 
4D-CT in localizing abnormal glands up to 93.7% [11] with a sensitivity of 89% 
and a positive predictive value up to 93.5% [8].  

Our goal is to evaluate the diagnostic accuracy and inter-observer agreement 
of 4D CT parathyroid scan in preoperative localization of parathyroid lesions in 
patients with primary and secondary hyperparathyroidism. 

2. Materials and Methods 

2.1. Patients 

This Institutional Review Board-approved retrospective study was performed 
with a waiver of informed consents in accordance with the Health Insurance 
Portability and Accountability Act. Inclusion criteria were patients with bio-
chemically confirmed primary and secondary hyperparathyroidism without pre-
vious neck surgeries, had preoperative 4D-CT parathyroid scans performed be-
tween June 2011 to September 2017, parathyroidectomy, and pathologically con-
firmed parathyroid adenoma(s) or hyperplasia. A decrease of intra-operative 
PTH (IOPTH) > 50% from the baseline and eucalcemia at six months after pa-
rathyroidectomy confirm cure status [7]. A total of 67 patients met inclusion 
criteria (50 women, 17 men; mean age, 55 years; age range, 31 - 74 years). 

2.2. 4D-CT Parathyroid Scan 

Patients were imaged in the supine position with head first, arms down using a 
64-slice CT scanner (Philips, Brilliance 128 slice scanner). The scanning para-
meters were as follows: field of view covered from the mandibular angle to the 
tracheal bifurcation parallel to the hard palate, 140 kVp, mA adjusted by auto-
matic exposure control (AEC) with a range of 180 - 280 mA, 1.25 mm slice 
thickness (reconstructed into 1-mm), 0.4 second rotation time, 3.1 sec scan time, 
and a pitch of 1.265. Dynamic three phases included precontrast, immediate or 
arterial (25 seconds) and venous phases (85 seconds) after intravenous administra-
tion of 100 - 120 ml of iodinated contrast material (Omnipaque 300; GE Health-
care Inc., Princeton, NJ), rate 4 ml per second, followed by 25 ml of saline chaser, 
via 18 gauge needles placed at the antecubital fossa. All phases were performed 
with breath holding techniques to reduce motion artifacts. Axial, coronal and sa-
gittal 1-mm reformations were generated and sent to PACS for interpretation. 

2.3. Image Interpretation and Analysis 

4D-CT studies were retrospectively reviewed independently by three neuroradi-
ologists (B.T., W.B.A., and A.C. with 7, 5 and 4 years of neuroradiology expe-
rience; B.T. and W.B.A. have Certificates of Added Qualification). The readers 
were aware that the cases had clinical HPT but were blinded to the final lesion 
location and pathology results. If there were discrepancies among the readers, 
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the final read was determined by consensus. The following data was recorded: 
presence or absence of parathyroid lesion, location (right, left, upper pole, and 
lower pole relative to the thyroid glands, or ectopic locations), size, fat plane 
between the lesions and the thyroid gland, and density (Housefield unit) of the 
candidate lesions relative to the thyroid gland. Positive findings for parathyroid 
adenomas/hyperplasia are soft tissue masses that are intrinsically hypodense 
compared to the thyroid, intense enhancement on arterial phase, and washout 
on venous phase. Lesions were classified as lymph nodes if they show progres-
sive enhancement, or thyroid nodules if they were isodense to thyroid and ad-
hered to the thyroid glands. If streak artifacts from the intravenous contrast 
compromised visualization of the lesions, and falsely decreased the density of the 
lesion in the arterial phase, the lesions were carefully inspected on noncontrast 
and venous phases.  

2.4. Statistical Analysis 

Performance of 4D-CT was evaluated based on the determination of the pres-
ence of the parathyroid lesions, laterality (right or left), and quadrant (right su-
perior, right inferior, left superior and left inferior) with respect to the operative 
and histological findings. 

2.4.1. Lateralization Analysis 
The performance of 4D-CT in the localization of the lesion to the right or left 
side of the neck was evaluated. If the lesion on 4D-CT was found to be ipsilateral 
to the surgical finding, the 4D-CT result was considered as a true positive on 
that side and true negative on the contralateral side. On the other hand, if the 
surgical and imaging findings were incongruent, the 4-D CT finding was consi-
dered as false positive on that side and false negative on the other. If the lesions 
are bilateral but the 4-D CT localized the lesion to only one side, the 4-D CT re-
sult was considered true positive on that side and false negative on the other. If 
there was only one lesion but 4-D CT finding was bilateral, the 4-D CT result 
was considered true positive on the side of the actual lesion and false positive on 
the other. 

2.4.2. Quadrant Localization Analysis 
The performance of 4-D CT in the localization of the lesion to the level of the 
quadrant (right upper, right lower, left upper and left lower quadrant) was ana-
lyzed in a similar fashion as lateralization. 

Sensitivity, specificity, positive predictive value (PPV), negative predictive 
value (NPV), accuracy and 95% confidence interval were calculated by utilizing 
Excel 2010 (Microsoft, Redmond, Wash). The causes of all false negative or false 
positive results were determined (patient factors, technical factors or lesion fac-
tors). Fleiss’ kappa was used to assess the inter-observer agreement. 

2.5. Results 

Demographic information of the 67 patients included in the studies is shown in 
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Table 1. Sixty-two patients (93%) had single-gland adenomas. Of the five pa-
tients (7%) with multiple-gland lesions, four had double adenomas, and one had 
4-gland hyperplasia. Diagnostic performance of 4D-CT in lesion lateralization 
and quadrant determination is shown in Table 2. The sensitivity, specificity, 
PPV, NPV and accuracy are 85%, 97%, 96%, 87% and 91% for lateralization and 
76%, 96%, 85%, 92% and 90% for quadrant localization, respectively in sin-
gle-gland disease. The sensitivity, specificity, PPV, NPV and accuracy are 88%, 
100%, 100%, 50% and 90% for lateralization and 71%, 100%, 100%, 60% and 
80% for quadrant localization respectively in multiple-gland disease. The three 
neuroradiologists reached moderate inter-observer agreement with an overall  
 
Table 1. Patient, lesion and laboratory data. 

Parameters Units 

Total patients (n) 
Female (n) 
Male (n) 

67 
50 (75%) 
17 (25%) 

Age (years) 55 

BMI (Kg/m2) 31 

Lesion weight (mg) 492 

Total glands resected (n) 76 

Single-gland adenoma (n) 62 (93%) 

Multiple-gland lesions (n) 5 (7%) 

Two-gland ademonas (n) 3 (4%) 

Four-gland hyperplasia (n) 2 (3%) 

PTH (pg/ml)  

Preoperative 
Postoperative 

297 
36 

 
Table 2. Diagnostic performance analysis. 

 TP TN FP FN Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) Accuracy (95% CI) 

Single gland (62  
patients, 62 lesions) 

         

Lateralization  
(124 sides) 

53 60 2 9 85% (74% - 93%) 97% (89% - 99%) 96% (87% - 97%) 87% (77% - 94%) 91% (84% - 95%) 

Quadrant localization 
(248 quadrants) 

         

 47 178 8 15 76% (63% - 86%) 96% (92% - 98%) 85% (73% - 94%) 92% (86% - 96%) 90% (86% - 94%) 

Multiple glands  
(5 patients, 14 lesions) 

         

Lateralization  
(10 sides) 

8 1 0 1 88% (52% - 99%) 100% (20% - 100%) 100% (70% - 100%) 50% (1% - 90%) 90% (51% - 99%) 

Quadrant  
(20 quadrants) 

10 6 0 4 71% (42% - 92%) 100% (50% - 100%) 100% (69% - 100%) 60% (26% - 88%) 80% (56% - 94%) 

TP true positive, TN true negative, FP false positive, FN false negative, CI confidence interval, PPV positive predictive value, NPV negative predictive value. 
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Fleiss’ kappa of 0.56. False positive and false negative findings occurred in 17 pa-
tients (25.3%) and 19 lesions (25%). Multiple factors were responsible for the 
misinterpretation of the 4D-CT imaging. These factors may be classified into le-
sion, patient, and technical factors, and more than one factor as shown in Table 
3. Patient factors include large body habitus (29% of the patients, 26% of the le-
sions) and motion artifact (5% of the patients, 5% of the lesions). Technical fac-
tors include suboptimal bolus injection (18% of patients, 16% of lesions) and 
streak artifact (18% of patients, 16% of lesions). Major lesion factors are small 
lesions (24% of patients, 32% of lesions) and lack of fat planes between the le-
sions and the thyroid gland (29% of patients, 37% of lesions). 

3. Discussion 

Parathyroidectomy is the only curative treatment for PHPT and medically in-
tractable SHPT with a greater than 95% success rate when performed by expe-
rienced surgeons [7]. Historically, bilateral neck exploration (BNE) was per-
formed to remove the culprit hyperfunctioning parathyroid glands [12]. With 
current intraoperative PTH measurements and preoperative localizing 4D-CT 
parathyroid scans, surgeons can now perform minimally invasive parathyroi-
dectomy (MIP) focusing on only one quadrant of the neck or even specific loca-
tions. Although the success rate of BNE and MIP is equivalent, the operative 
time, hospital stay, operative pain, and complication rates is significantly less for 
MIP [13]. 

Multiple studies have shown that the 4D-CT has high sensitivity (77% - 92%; 
85% our study) and accuracy (80% - 97%; 91% our study) in lateralizing single 
gland lesions [11] [14] [15] [16] [17]. The diagnostic performance is slightly 
lower for precisely localizing a single lesion to a quadrant, with a sensitivity and 
accuracy of 57% - 98% (76% our study) and 79% - 92% (90% our study), respec-
tively. Compared to single-gland localization, the diagnostic performance for la-
teralizing and localizing multiple gland lesions is lower. Chazen and Galvin et al. 
reported overall sensitivity and accuracy of 43% - 53% (71% - 88% our study) 
and 89% (80% - 90% our study), respectively [14] [18]. 

 
Table 3. Factors causing 4D CT misinterpretation. 

   Patients (n = 17)    Lesions (n = 19) 

Patient factors 
Large body habitus 
Motion artifact 

 
5 (29%) 
1 (5%) 

 
5 (26%) 
1 (5%) 

Technical factors 
Suboptimal bolus injection 
Streak artifact 

 
3 (18%) 
3 (18%) 

 
3 (16%) 
3 (16%) 

Lesion factors 
Multiple lesions 
Small lesions 
Lack of fat plane 
Atypical enhancement 
Pudenculated thyroid nodule 

 
1 (5%) 

4 (24%) 
5 (29%) 
2 (12%) 
2 (12%) 

 
3 (16%) 
6 (32%) 
7 (37%) 
2 (11%) 
2 (11%) 
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Multiple challenging factors potentially limit the diagnostic performance of 
4D-CT which may be classified into three main categories: patient, technique 
and lesion factors. More than one factor could be responsible for incorrect lesion 
localization. Large body habitus may result in beam hardening artifact and in-
creased image noise making separation of the lesion from the adjacent normal 
structures difficult. The lesion would also appear to enhance less than usual. In-
creasing tube current (mAs) and decreasing rotation speed will decrease image 
noise at the expense of increased radiation [19]. For patients with thick shoul-
ders, we request the individual to relax and position their shoulders downwards 
while placing towels between the scapulae as suggested by Hoang et al. [20]. Mo-
tion artifact is common in daily practice but contributed to only 5% of missed 
lesions in our study. This may be addressed by coaching the patient for breath 
holding/quiet breathing and abstaining from swallowing during scanning. 

Sixteen percent of missed lesions were due to suboptimal opacification during 
the arterial and venous phases. This may be attributed to incorrect placement of 
the region of interest, small intravenous access cannula (22 G), and low rate of 
injection (less than 3 ml/sec) which lead to suboptimal enhancement of the le-
sions. Solutions are to correctly identify the location of the region of interest 
(aorta) as well as using appropriate cannula size (18 - 20 G) and appropriate rate 
of injection (5 ml/sec). 

Streak artifact from the presence of intravenous iodinated contrast in the sub-
clavian vein, brachiocephalic vein, and superior vena cava during arterial phase 
also limits visualization of lesions (Figure 1), falsely decreasing the density of 
arterially enhancing lesions. Two lesions in our study were missed due to such 
streaking artifact from the intravenous contrast. The saline chasing technique 
has been proposed to address this pitfall and can be performed by injecting 25 
ml of normal saline after intravenous contrast injection [20] [21]. One lesion was 
obscured by streak artifact from metallic plates and screws (previous anterior 
cervical discectomy and fixation). In this scenario, patients with metallic pros-
thesis in the lower neck may benefit from ultrasound and Tc-99 m Sestamibi. 

The multigland disease has been found to be a significant lesion factor that 
decreases the diagnostic performance of 4D-CT [14] [16] [18]. As such, we sug-
gest that if one lesion is found, the radiologist should continue to search for other  
 

 
Figure 1. Beam hardening artifact limits adenoma detection on arterial phase. Axial 
noncontrast (A), arterial (B), and venous (C) CT images showed beam hardening artifact 
from the IV contrast obscuring the right superior mediastinal adenoma (arrow). The 
classic intense arterial enhancement of the lesion is not demonstrated due to the artifact. 

https://doi.org/10.4236/ojrad.2019.91008


B. Tantiwongkosi et al. 
 

 

DOI: 10.4236/ojrad.2019.91008 89 Open Journal of Radiology 

 

 
Figure 2. Zuckerkandl tubercle. The normal thyroid gland protruded at the posterolateral 
aspect (arrow) mimics a parathyroid lesion. 
 
lesions especially in cases of SHPT. Although the small size of the glands is 
known to be a lesion factor, 4D-CT is less affected than Tc-99 m Sestamibi due 
to higher intrinsic special resolution [18].  

The most common pitfalls (37%) in our study were lesions that adhered to the 
posterior capsule of the thyroid (i.e., lack of fat plane between the lesions and the 
thyroid gland), especially for small lesions that were isodense to the thyroid in all 
phases. The classic enhancement pattern of parathyroid adenoma/hyperplasia is 
an avid enhancement on arterial phase followed by contrast wash out on the 
venous phase. Two lesions were misinterpreted as lymph nodes due to minimal 
enhancement on the arterial phase and progressive enhancement on the venous 
phase. Hypodense pedunculated thyroid nodules may simulate parathyroid le-
sions which accounted for two false positive findings in our cohort.  

Zuckerkandl tubercles are protuberances at the posterolateral aspect of a 
normal thyroid gland that can potentially mimic a parathyroid lesion (Figure 2) 
[22]. These are isodense to the thyroid gland on all phases. Typically, parathyro-
id lesions are posterior to the thyroid glands; however, ectopic or unusual loca-
tions (6% - 16%) are challenging to detect. These include but are not limited to 
the following locations: immediately inferior or lateral to the thyroid glands, 
mediastinum, retropharyngeal space, retroesophageal space, paraesophageal space, 
carotid space, tracheoesophageal groove, thyroid gland, thymus, and submandi-
bular gland [23].  

Our study has some limitations. The radiologists realized that all cases were 
proven to have positive surgical and pathological findings, and therefore they 
would try their best to select the location of the lesions rather than providing 
negative results. Including studies with negative findings would decrease this bi-
as. We did not re-image studies that had artifacts—in so doing, we believe this 
provided a more realistic situation where radiologists have to make a final deci-
sion even when there may be pronounced artifacts. Finally, the number of cases 
with multigland diseases was relatively small and may not represent the true 
performance of 4D-CT across all practice setting.  
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4. Conclusion 

4D CT parathyroid is a highly accurate imaging method that can facilitate mi-
nimally invasive parathyroidectomy in cases of hyperparathyroidism. Improve-
ments in diagnostic performance could be realized through optimization of im-
aging techniques and familiarity with potential pitfalls. 
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