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Abstract 
Eclampsia is a common complication of hypertensive disorders of pregnancy 
and in the puerperium with the attendant risk to both the mother and baby. 
Although it is a multi-systemic disorder, its manifestation that affects the 
brain and resulting in altered sensorium demands brain imaging to define the 
possible brain lesions and the implications for critical care management and 
outcome. We evaluated the CT brain lesions in the patients with eclampsia 
who were admitted in the intensive care unit, University of Port Harcourt, 
Port Harcourt Nigeria. Objective: To analyse the CT brain images of eclamp-
tic parturients and the outcome following their admission in the intensive 
care unit. Methods: We undertook this observational study after obtaining 
ethical exemption from the University of Portharcourt Teaching Hospital ethi-
cal review board, and commenced the review between March 2021 to February 
2023. We included all parturients that were admitted into the intensive care 
unit of the University of Portharcourt Teaching Hospital, a nine-bedded open 
intensive care unit with the clinical diagnosis of eclampsia. Every admitted 
parturient was required to obtain a brain computed tomography (CT) by lo-
cal protocol. The brain CT images were retrieved for review from the partu-
rients’ relatives, radiology department and the ICU. Parturients included 
were aged ≥ 18 years. The radiological reports of these brain images which 
were also reviewed by a neurosurgeon in case of any need for secondary opi-
nion were subjected to statistical analysis. Result: Thirty-one parturients were 
admitted with eclampsia with a mean age of 30 years ± 5.29. Sixteen (16) partu-
rients died representing 52%. Only twenty-four (24) CT brain images were re-
trieved for review (77%). The following brain lesions were identified from the 
brain CT and they comprised the following: intracerebral haemorrhage, in-
cluding extensions into the ventricles 7 (29.17%), cerebral oedema 12 (50%), 
subdural hematoma 1 (4.17%) and normal imaging 4 (16.66%). The subdural 
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haematoma was promptly evacuated with a good outcome. Conclusion: Neu-
ro imaging comprising computed tomography and magnetic resonance im-
aging of the brain are basic ancillary investigations for patients with eclamp-
sia presenting with neurologic deficits and low GCS. Early presentation and 
access to brain CT could influence outcome as it was demonstrated in the 
prompt intervention in the patient with subdural haematoma which was 
evacuated with a satisfactory outcome. 
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1. Introduction 

In Nigeria, eclampsia, which is a complication of the hypertensive disorders of 
pregnancy is a common phenomenon and a causation of maternal mortality and 
morbidity. The prevalence in Nigeria varies between 1 in 12 to 1 in 1,700 delive-
ries [1] [2]. This is associated with high mortality, which was reported to be in 
excess of 31.9% - 46.4% [3] [4]. It was observed that about 0.8% of women with 
hypertensive disorders of pregnancy ended up with eclampsia [5]. Although the 
cause of eclamptic seizure is obscure, it is reported that it involves the disruption 
of blood-brain barrier with the influx of ions, fluids, plasma proteins and some 
vasoactive factors into the brain parenchyma, and these blood particles have the 
tendency to trigger microglial activation [6] [7] [8] which have been found to be 
a seizure threshold lowering agent [9]. Several theories have been espoused to 
define the possible cause of brain pathologies in eclamptics and these include but 
not limited to the following: the loss of cerebral autoregulation with blood brain 
barrier disruption [10] [11] [12], a possible shift in the autoregulation curve in 
pregnancy to a much lower blood pressure [13] [14] to vascular dysfunction with 
the activation of superoxide in the endothelial cells. 

Autopsy findings of massive cerebral oedema, white matter haemorrhage and 
necrosis all support the influence of autoregulation dysfunction with the loss of 
blood brain barrier as a common pathway to the onset of seizures and altered 
sensorium seen in eclamptics [15]. 

Following from above, does neuroimaging have a role in the management of 
eclampsia? It is observed that parturients with focal neurological deficits, recur-
rent seizures especially those occurring in the second trimester, or prolonged 
coma require neuroimaging. The presence of intracranial abnormalities may re-
quire surgical intervention, in the case of haemorrhage or pharmacological 
treatments. The essence of this paper therefore was to evaluate the type and 
proportion of brain lesions seen in eclamptic women that presented in the inten-
sive care unit at the University of Port Harcourt Teaching Hospital Nigeria and 
the observed outcome. 
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2. Methodology 

We undertook this non randomised retrospective observational review of the 
brain computed tomography (CT) images of all eclamptic parturients on admis-
sion at the intensive care unit (ICU) of the University of Port Harcourt Teaching 
Hospital Port Harcourt Nigeria, during the study period March 2021-February 
2023, a nine hundred and twenty bedded tertiary teaching hospital with a nine 
bedded ICU which sub serves all medical and surgical units. We obtained ethical 
exemption from the hospital’s research and ethics review board. Every admitted 
parturient was required to obtain a brain computed tomography (CT) by local 
protocol. The brain CT images were retrieved for review from the parturients’ 
relatives, radiology department and the ICU. The radiological reports of these 
brain images were also reviewed by the in house neurosurgeon in case of any 
need for secondary opinion. Sample size for retrospective study for 13months 
was calculated based on the available sample size (N = 31). 

Inclusion criteria included: Adults ≥ 18 years with clinical diagnosis of ec-
lampsia presenting with neurological deficits during pregnancy and the puerpe-
rium and must be admitted into the intensive care unit (ICU) for more than 
twenty-four hours. Parturients must have retrieved brain CT images and all im-
ages must be read by a consultant radiologist. All brain CT images that could not 
be retrieved were excluded from the study. Parturients with known intracranial 
pathologies such as tumours and seizure disorder were excluded. Patients with 
mental health problems were also excluded. 

The descriptive data of the parturients were obtained from the ICU register as 
well as the radiological unit register. These comprise: age, co-morbidity, brain 
CT lesion and outcome. Statistical analysis was performed using Jamovi statis-
tical software version1.2 (https://www.jamovi.org) accessed 01/03/2023. 

3. Results 

A total of 31 parturients were admitted with a clinical diagnosis of eclampsia in 
13months. Access to brain CT was available for review in only twenty-four pa-
tients (77%) and these were analysed and presented in this study. The mean age 
of parturients was 30.6 ± 5.9 years. Sixteen parturients died (51.6%). Retrieved CT 
images were 24 (77.4%) while 7 (22.6%) images could not be retrieved. CT find-
ings depicted the following: Subdural haematoma 1 (4.17%), Intracerebral hae-
morrhage 7 (29.17%), Cerebral oedema 12 (50.0%), normal imaging 4 (16.66%). 
All the parturients were admitted postpartum and mostly from the Unbooked 
labour ward. The affected parts of the brain included the right parieto-occipital 
lobe, effacement of the cerebral sulci and gyri with associated compression of the 
anterior and posterior horns due to cerebral oedema. Other parts of the brain 
involved included: the left occipital lobe white matter, right occipital lobe infarct, 
left sided acute intracerebral and occipital lobe haemorrhage and Left sided 
subdural haematoma. 
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4. Discussion 

The usefulness of neuroimaging especially the brain CT in defining the man-
agement and prognosis of eclamptics has been reported in the literature [16] and 
in this study, the relevance of neuroimaging as a guide became much more val-
uable in deciding possible interventions for the critically-ill parturients with ec-
lampsia in Nigeria. 

One major organ that is grossly affected by eclampsia is the brain. Autopsy 
findings in eclamptics had revealed the presence of massive cerebral oedema, 
white matter haemorrhages and necrosis [6]. Vasogenicoedema arising from 
endothelial damage has been implicated along the distribution of the posterior 
cerebral arteries [17] affecting the parieto-occipital lobes. In clinical observa-
tions, the brain CT and MRI are commonly used in patients with signs of focal 
neurological deficits, seizures and altered sensorium, with the CT having the su-
periority in diagnosing haemorrhages and cerebral oedema [18]. Majority of the 
patients studied in this report were in their 30s, this was similar to other obser-
vations [16] [17]. The high mortality rate is also consistent with other reports 
[19] [20] and affected mostly patients in Unbooked labour wards. These subsets 
of patients are usually poor and could barely afford brain CT, often present late 
to critical care and this could also account for the delay to access brain CT. The 
time lag and late presentation could have contributed to the high mortality. One 
case of subdural haematoma as shown in the result (Figure 1) was identified in 
this study, in a patient that could have been passively managed as routine ec-
lamptic but surgical evacuation was promptly done in this case with rapid re-
covery of neurological deficits. The other CT findings included: intracerebral 
haemorrhage (Figure 2 and Figure 4) affecting the parietal lobe similar to the 
report of MC Kinney et al. [21]. Cerebral oedema (Figure 3) was the commonest 
finding in this study, representing about 50% of the CT findings. This was simi-
lar to the reports of Richard et al. [22] and others [23]. Is there regional variation 
in the brain lesions in eclampsia, this may be a push for further evaluation. 
While cerebral infarct was commoner in a Canadian series [24], the French, re-
ported more of cerebral oedema [25], and in our study, a preponderance of ce-
rebral oedema (Figure 3) and intracerebral bleed (Figure 2 and Figure 4). It was  

 

 

Figure 1. Showing left sidedsubacute subdural haematoma with effacement of the ipsila-
teral lateral ventricle as well as deviation (herniation) of the falxcerebri. There was ele-
vated intracranial pressure and falcine herniation and displacement. 
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Figure 2. Right sided acute intraventricular and intracerebral (parieto-occipital lobe) 
haemorrhage. 

 

 

Figure 3. Effacement of the cerebral sulci and gyri with compression of the ventricles. 
Impression: cerebral. 

 

 

Figure 4. There is hyper dense area (acute bleed) in the left occipital lobe white matter. 
An ill-defined hypo dense area is seen in the right occipital lobe, indicating left side acute 
intracerebral (occipital lobe) haemorrhage. Right sided occipital lobe infarct. 

 
also observed in this study that there were some cases with no obvious abnor-
mality as detected on brain CT, this could be supported by the observation by 
Hamandou et al. [25] of cerebral oedema being seen in eclamptics with appar-
ently normal brain CT but on MRI. Cost to access these investigations in re-
source limited settings reflects the apparently low yield of neuroimaging in an 
eclampsia rich environment. The care required for all eclampsia patients remain 
the same with strong neuro protective support and other measures to optimise 
functional reserves and drive improved outcome. 

5. Conclusions 

It is routine to do brain CT for all eclamptics presenting with signs of neurolog-
ical deficit. 

Prompt intervention with neurocritical care bundles, such as early airway 
protection and mechanical ventilation and all ancillary neuro protective meas-
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ures will obviate further deteriorations which are a major cause of maternal 
morbidity and mortality. 
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Abstract 
Pathological implications of the falciform ligament are rare and internal her-
nias are exceptional. The origin of the falciform ligament defect can be con-
genital or inflammatory (a satellite of acute cholecystitis) or even post-surgical. 
The internal hernias of the falciform ligament are most often revealed by an 
acute intestinal obstruction syndrome with an ischemic component. The 
scanner provides the benchmarking examination allowing us to conduct a 
positive diagnosis and see also the inherent complications, which drives us to 
take the appropriate and fast surgical procedures. It is an entity that must be 
known. 
 

Keywords 
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1. Introduction 

Internal hernias are protrusions of hollow abdominal viscera in an intraperito-
neal orifice but which remains inside the abdominal cavity [1] [2]. They can be 
revealed through an acute picture of intestinal obstruction, most often with 
ischemic component by strangulation. The hernia with the falciform ligament is 
exceptional and often diagnosed intraoperatively [3] [4]. An emergency ab-
dominal CT scan is the benchmarking examination [5]. It can help in preopera-
tive diagnosis and guide surgical procedures. Thus, we report a case of internal 
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hernia of the falciform ligament revealed on an abdominal CT scan, the purpose 
of which is to show the interest of CT in the diagnosis and the inherent compli-
cations of this pathology. 

2. Observation 

We report the case of a 78-year-old patient with no particular history who was 
admitted to the emergency room for abdominal pain with vomiting and without 
fever, lasting for a few hours. There was no stopping of materials and gases. 

On examination, he presented a tusk in the epigastric region with a cry from 
the umbilicus. The biological examinations did not find any hydro-electrolyte 
disorder and the blood count was normal. 

An abdominal and pelvic CT scan was performed urgently in front of the 
peritoneal irritation syndrome with helical acquisition in thin sections without 
and with injection of contrast product in the portal phase, covering the abdomi-
nal and pelvic region. There was only a protrusion of dilated small loops be-
tween the abdominal wall and the liver, accompanied by peritoneal fat, with a 
transitional zone in the shape of a bird’s beak (Figure 1 and Figure 2). A me-
chanical occlusion on internal hernia of the falciform ligament was then men-
tioned. We also noted pain in the small loops along with a lack of parietal en-
hancement associated with infiltration of peritoneal fat. 

The surgical intervention had objectified a hernia of the falciform ligament 
through a large defect and necrotic loops (Figure 3 and Figure 4). It had been 
performed during a median sub-umbilical laparotomy, a disinsertion with col-
lapse of the falciform ligament, an ileal resection with terminal ileo-ileal anas-
tomosis. 

The postoperative course was simple. Histological examination revealed hem-
orrhagic necrosis of the intestinal wall without signs of malignancy. 

3. Comments 

The falciform ligament is a remnant of the ventral midgut. It is stretched sagittally 
 

 

Figure 1. Axial (a) and coronal (b) section of an abdominal CT scan with injection of 
contrast product in the portal phase: interposition of dilated small loops between the liver 
and the abdominal wall, accompanied by peritoneal fat (arrow). 
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Figure 2. Sagital reconstruction of an abdominal CT scan with 
injection of contrast product: Transitional level reflecting the 
area of stricture (single arrow). Infiltration of peritoneal fat and 
lack of enhancement of the wall of the dilated small bowel loops 
(double arrow) suggesting ischemia. 

 

 

Figure 3. Intraoperative view showing a large falciform ligament 
defect (arrow) containing necrotic loops. 

 

 

Figure 4. Intraoperative view after extrication showing viable 
loops (double arrow) and necrotic loops (single arrow). 
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from the superior surface of the liver to the inferior surface of the diaphragm 
and to the posterior surface of the abdominal wall. The two sheets which consti-
tute it and which follow the upper sheet of the coronary ligament are formed by 
the reflection of the hepatic visceral peritoneum on the diaphragmatic perito-
neum. It contains the round ligament, the para-umbilical veins and a variable 
degree of fat [6] [7]. 

Pathological implications of the falciform ligament are rare. Apart from her-
nias, gangrene, most often related to acute necrotizing pancreatitis, benign or 
non-benign tumors (lipomas and myxoid sarcomas in particular) and torsion of 
fatty fringes have been described [8] [9]. 

The internal abdominal hernias fall into two categories: the hernias developed 
in a normal or paranormal orifice of the peritoneum and the internal hernias 
developed through an abnormal orifice of the peritoneum [1]. 

The hernias of the first category most often develop quietly, under the action 
of peristalsis of the digestive loops trapped in a normal (omental foramen) or 
paranormal orifice, corresponding to a progressive detachment of normally 
joined peritoneal fascia during embryological development (anterior paraduo-
denal, pericaecal and intersigmoid hernias) [1] [2]. 

On clinical grounds, they are characterized by a more or less long latency pe-
riod, with a more or less complete occlusive symptomatology, during which they 
can be diagnosed by imaging. Their revealing symptomatology can be very vari-
able: vague sensations of epigastric heaviness, periumbilical pain, spontaneously 
resolving subocclusive episodes. They can obviously be revealed by an acute pic-
ture of “flat belly” occlusion as well in the event of inaugural incarceration with 
vascular strangulation. In imaging, it shows the existence of a hernial sac that 
gives the loops trapped in the cavity their overall circular appearance, corre-
sponding to the globally spherical or ovoid volume in which they evolve [1]. 

Concerning the second category of internal hernias (developed through an 
abnormal orifice of the peritoneum), the orifice is small, with fibrous contours, 
inextensible, of dysembryoplastic or acquired origin (post traumatic, post in-
flammatory, etc.) in which a generally fairly short segment of intestine will in-
carcerate in a manner analogous to what may occur in certain strangulated parie-
tal hernias. The upstream loops have a propensity to volvulate due to their fluid 
distension and strangulation can involve both the incarcerated intestinal seg-
ment and the upstream involuted loops [1]. 

The falciform ligament hernia falls into this category with transmesenteric, 
transomental hernias, the hernias of the gastrocolic ligament or transverse 
mesocolon, the hernias of the hepato-gastric ligament, the trans-meso-sigmoid 
and intersigmoid hernias, the hernias of the broad ligament and the perirectal 
hernias. 

These types of internal hernia can only be diagnosed during an acute and in-
dicative hyperalgesic episode since there is no positional abnormality of the in-
testinal structures before the digestive incarceration in the peritoneal “trap”. 
This was the case of our patient under study who presented an acute sympto-
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matology evolving for a few hours.  
The revelation of these types of hernia is often early, in the case of young sub-

jects, on average 38 years old and without prior surgery [1]. However, some late 
revelations despite the congenital nature of the abnormalities responsible have 
been noted. In the series by Zissin et al., involving 11 cases, four patients aged 76 
and 96 when their internal hernia was revealed by an acute picture [1]. This is 
the case of our patient under study who is 78 years old. 

The internal hernias of the falciform ligament are exceptional and represent 
approximately 0.1 to 0.3% of all internal hernias. The average age is 43 years and 
they generally concern the small intestine. The origin of the falciform ligament 
defect can be congenital or inflammatory (a satellite of acute cholecystitis) or even 
post-surgical [1]. In the case of our patient, in the absence of particular medical 
and surgical history, it is probably a congenital defect. 

The imaging examinations theoretically useful for the diagnosis of occlusive 
syndromes are the abdomen without preparation (ASP), ultrasound, Computed 
Tomography (CT) and magnetic resonance imaging (MRI) [10].  

The ASP has long been an important examination in suspected occlusion. 
However, it encounters a certain number of false negatives, in particular in the 
case of severe occlusions when the digestive loops have an exclusively liquid 
content and do not allow room for the diagnosis of cause and complication. Al-
ready since 2009, the High Authority of health of France [11] had clearly con-
cluded that ASP no longer provide any indication for mechanical occlusion and 
recommended performing a CT as first intention. Thus, an ASP X-ray was not 
performed in our patient under study. 

Ultrasound has no first-line indication when faced with the suspicion of intes-
tinal obstruction in adults. It can possibly be performed secondarily after the CT 
to clarify certain images [10]. 

MRI has no place in clinical strategies even though it has the advantage of not 
inducing exposure to X-rays [10]. 

The abdominal CT is the reference imaging examination for occlusive syn-
drome in adults [12]. In the context of internal hernias, it is a powerful examina-
tion, allowing an accurate diagnosis to be made in 77% of cases, with a sensitiv-
ity of 63% and a specificity of 76% [13]. 

The examination must be carried out with helical acquisitions in thin milli-
metric or sub-millimetric sections covering the volume of the abdomen and the 
pelvis are necessary allowing multiplanar reconstructions. 

An intravenous injection of iodinated contrast product is generally recom-
mended. If it is contraindicated (kidney failure, allergy), this must obviously be 
specified in the request for examination and the scanner will be less effective in 
the search for strangulation, even if the spontaneous hyperdensity of the diges-
tive wall is a powerful sign in these conditions. 

In the internal hernia of the falciform ligament, the scanner allows the identi-
fication of the distended loops with hydro-aeric level, whose diameter is greater 
than 2.5 cm. These distended loops are located in the peri-hepatic region. The 
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scanner also finds the convergence of the mesenteric folds and the vessels in the 
area of stricture formed by the falciform ligament in the left lobe-lobe junction. 

The scanner also makes it possible to make the diagnosis of complication by 
showing signs of digestive ischemia associating modifications of the digestive 
wall associated with modifications of the fat and the mesenteric vessels [10]. The 
modifications of the digestive wall are in the form either of a circumferential 
thickening of the intestinal wall testifying to a submucosal edema in the case of a 
beginner ischemia, or by a defect of parietal enhancement with a virtual wall as-
pect indicating a transmural infarction. A œedematous infiltration of the mes-
entery and turgidity of the draining veins are often associated. In the case of es-
tablished infarction, there may be a high-density sero-haematic effusion between 
the affected loops and/or parietal pneumatosis or mesenteric-portal venous 
pneumatosis [10]. 

In the case of our patient, the topography of the distended loops as well as the 
study of the parietal enhancement had made it possible to evoke the diagnosis of 
internal hernia of the falciform ligament complicated by intestinal ischemia, thus 
directing towards rapid surgical procedures. 

Emergency surgery is required to achieve extrication with or without intesti-
nal resection depending on its vitality. The defect of the falciform ligament can 
be treated by the collapse of this ligament along the entire length of its dia-
phragmatic insertion in order to prevent recurrences [5]. Our patient under 
study had benefited from this type of treatment with unfortunately an intestinal 
resection-anastomosis because there were necrotic loops. 

4. Conclusion 

The internal hernias of the falciform ligament are exceptional, most often re-
vealed in an array of acute intestinal obstruction. The helical CT scan is the 
benchmarking examination allowing us to describe the diagnosis and to detect 
the inherent complications. Treatment is usually surgical. 
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Abstract 
Purpose: A novel image-based method for speed of sound (SoS) estimation is 
proposed and experimentally validated on a tissue-mimicking ultrasound 
phantom and normal human liver in vivo using linear and curved array 
transducers. Methods: When the beamforming SoS settings are adjusted to 
match the real tissue’s SoS, the ultrasound image at regions of interest will be 
in focus and the image quality will be optimal. Based on this principle, both a 
tissue-mimicking ultrasound phantom and normal human liver in vivo were 
used in this study. Ultrasound image was acquired using different SoS settings 
in beamforming channels ranging from 1420 m/sec to 1600 m/sec. Two re-
gions of interest (ROIs) were selected. One was in a fully developed speckle 
region, while the other contained specular reflectors. We evaluated the image 
quality of these two ROIs in images acquired at different SoS settings in 
beamforming channels by using the normalized autocorrelation function 
(ACF) of the image data. The values of the normalized ACF at a specific lag as 
a function of the SoS setting were computed. Subsequently, the soft tissue’s 
SoS was determined from the SoS setting at the minimum value of the nor-
malized ACF. Results: The value of the ACF as a function of the SoS setting 
can be computed for phantom and human liver images. SoS in soft tissue can 
be determined from the SoS setting at the minimum value of the normalized 
ACF. The estimation results show that the SoS of the tissue-mimicking phan-
tom is 1460 m/sec, which is consistent with the phantom manufacturer’s spe-
cification, and the SoS of the normal human liver is 1540 m/sec, which is 
within the range of the SoS in a healthy human liver in vivo. Conclusion: Soft 
tissue’s SoS can be determined by analyzing the normalized ACF of ultra-
sound images. The method is based on searching for a minimum of the nor-
malized ACF of ultrasound image data with a specific lag among different SoS 
settings in beamforming channels. 
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1. Introduction 

Clinical ultrasound imaging systems usually assume that the speed of sound 
(SoS) in soft-tissues is constant, mostly 1540 m/s, so that the sound waves in the 
soft-tissue can be focused by simply delaying and summing according to known 
geometric distances and the SoS in the tissue. Ideally, if the SoS set in beam-
forming channels matches the true SoS in the tissue, both the transmitted and 
received signals should be well aligned after applying the time delays. However, 
the difference between the SoS in the tissue and in the beamforming channels 
will cause ultrasound signal misalignment of the beamforming channels and 
thereby degrade both the spatial resolution and the sensitivity of ultrasound im-
ages. Moreover, if there is some in homogeneity of SoS in the soft-tissues, high-
er-order phase aberrations can further lead to signal misalignment after geome-
tric delays are applied and lead to further degradation of the ultrasound image 
quality [1] [2] [3] [4]. 

A concept to estimate the SoS in soft tissue by using ultrasound was proposed 
by Chen et al. [5]. When soft tissue was scanned by an ultrasound imaging sys-
tem, a series of ultrasound images were created by using different SoS settings in 
beamforming channels. Then, an image quality function that is indicative of 
image quality at a specific region of interest (ROI) was computed. That function 
could exhibit a minimum or maximum value when the SoS setting in beam-
forming channels equals a true SoS in the tissue. A method to select the SoS au-
tomatically in order to improve lateral resolution in the resulting image was de-
veloped by Napolitano et al. [4] [6] [7]. This is done by analyzing the spatial 
frequency data of images reconstructed with various sound speeds. The main li-
mitation of the method is that the image must contain an isolated feature. This 
concept was then applied to photo acoustic tomography of soft tissues [8] in or-
der to obtain an average SoS that can maximize the image sharpness. This me-
thod eliminates the need of a priori knowledge, such as the geometry of a cali-
bration block or a reference image for comparison. 

In this paper we propose a method based on the normalized autocorrelation 
function (ACF) of image data for averaged SoS estimation. The method works 
well under weaker constraints, i.e., no assumption of isolated image features, 
whether for speckle, the appearance of texture due to ultrasound scattering from 
a set of diffuse small scattering structures within a specific tissue, or the specular 
reflector with structure scale larger than the ultrasound wavelength. This study is 
organized as follows: In Section 2, a method based on the normalized ACF of 
image data for averaged SoS is presented; in Section 3, the experiments set up for 
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both a tissue mimicking phantom and healthy liver images in vivo are described; 
in Section 4, the test results are discussed and summarized. Section 5 presents 
the final conclusions. 

2. Method 

In our study, an ultrasound tissue mimicking phantom (Multipurpose Phantom 
Model 539, ATS Laboratories Incorporated, Bridgeport, CT) and a normal hu-
man liver were used in this study. A GE LOGIQ E9 scanner with a ML6-15 li-
near array transducer at 10 MHz and C1-6 curved array transducer at 3.5 MHz 
were used. As shown in Figure 1, a series of ultrasound images were generated 
by using different SoS settings in beamforming channels. The SoS settings were 
ranged from 1420 m/sec to 1620 m/sec. In our phantom study, two ROIs were 
selected among those ultrasound images, as shown in Figure 2. One was located 
in a fully developed speckle area with an image size of 150 × 50 pixels, while 
other contained a specular reflector with the same size of 150 × 50 pixels using 
the ML6-15 linear array. In our human liver study, two ROIs with the same size  
 

 
Figure 1. Block diagram of the image-based SoS estimation method. 
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Figure 2. Two ROIs were selected on a typical ultrasound phantom image. One region 
contains fully developed speckle, while the other region contains a specular reflector. 

 
of 200 × 50 pixels (ML6-15 linear transducer) and 100 × 100 pixels (C1-6 curved 
array transducer) were selected respectively, one was within a fully-developed 
speckle area, while the other contained some specular structures as shown in 
Figure 3 and Figure 4. Image pixel size was 0.089 mm for the ML6-15 linear ar-
ray and 0.25 mm for the C1-6 curved array transducer. 

Subsequently, we can evaluate the image quality by using a normalized ACF of 
image data over these ROIs. Here the normalized ACF is defined by 
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where 

( ),i jI x y  is the ultrasound image signal intensity at location ( ),i jx y , 
x  is in the lateral direction and y  is in the depth direction, 
M N×  is the total number of data pairs ( ),i jI x y  and ( ),i jI x x y+ ∆  in 

aROI, 
x∆  is the lag distance between two positions ( ),i jx y  and ( ),i jx x y+ ∆  in 

the lateral direction, which is perpendicular to the depth direction ofultrasound 
image, and 

I  is the mean of image intensity within ROI and is given by  
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The shape of a typical normalized ACF for ultrasound image data is approx-
imately Gaussian, as shown in Figure 5(a). The steepest slope of the normalized 
ACF, corresponding to a second derivative of zero, will be the most sensitive 
point where a change in lag will result in the largest change in ACF, as shown in 
Figure 5(b). If the shape of the normalized ACF is given by 

2
e a xy − ∆= , then 

based on 0y′′ = , we have the most sensitive lag, x∆ , which satisfies the fol-
lowing equation: 
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(a) 

 
(b) 

Figure 3. Two ROIs were selected on a typical ultrasound human liver image with a 
ML6-15 linear array transducer. One region contains a fully developed speckle, as shown 
in (a), while the other region contains some specular structures, as shown in (b). 
 

 
Figure 4. Two ROIs were selected on a typical ultrasound human liver image with a C1-6 
curved array transducer. One region contains a fully developed speckle, while the other 
region contains some specular structures. 
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(a)                               (b) 

Figure 5. The shape of a typical normalized ACF of ultrasound image data is approx-
imately a Gaussian function as shown in (a). The steepest slope of the normalized ACF, 
corresponding to a second derivative of zero, is the most sensitive point where a change 
in lag will produce the largest change in ACF, as shown in (b). 
 

( )21 2 0a x− ∆ =  

The value of normalized ACF for the most sensitive lag is given by 
1/2e 0.6065y −= = . Here a is the ACF parameter, which not only depends on the 

spatial resolution of ultrasound image system, but also depends on the ultra-
sound scattering structure, such as speckle or specular structures. In our study, 
the most sensitive lag of the normalized ACF were typically in the range of 0.5 
mm to 1.0 mm for the images acquired with a ML6-15 transducer, and in the 
range of 0.5 mm to 2.0 mm for the images acquired with a C1-6 transducer. 

3. Results 

In our phantom study, the phantom images were acquired using a GE LOGIQ 
E9 scanner with a ML6-15 linear array transducer. The values of normalized 
ACF with different lays as well as different SoS settings were computed. When 
the ROI was in a well-developed speckle region as shown in Figure 2, a lag of 
0.534 mm was chosen in order to obtain a minimum value of the normalized 
ACF reaching just below 0.6065 for at least one particular SoS setting. The values 
of normalized ACF for a lag of 0.534 mm changed with different SoS settings as 
shown in Figure 6(a). Similarly, when the ROI contained a specular reflector re-
gion, also as shown in Figure 2, a lag of 0.75 mm was chosen in order to obtain a 
minimum value of the normalized ACF reaching just below 0.6065 for at least  
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(a) 

 
(b) 

Figure 6. In our phantom experiment, the normalized ACF with a lag of 0.534 mm as a 
function of SoS setting for a fully developed speckle is given in (a), while the normalized 
ACF with a lag of 0.75 mm as a function of SoS setting for a region containing a specular 
reflector is given in (b). 

 
one particular SoS setting. The results of normalized ACF values with a lag of 
0.75 mm in that region varied with different SoS settings are shown in Figure 
6(b). Both results show that the minimum value of the normalized ACF is lo-
cated at SoS = 1460 m/sec, which is very close to the SoS specification of 1450 
m/sec provided by the phantom manufacturer. The results demonstrate that 
both speckle and specular regions can be used to assess SoS in soft tissue. The 
values of the normalized ACF changed with SoS settings from 1450 m/sec to 
1580 m/sec are given in Table 1. The results show that the normalized ACF of 
images containing specular structures, such as the point target here, may be 
more sensitive to the SoS setting and may provide better SoS estimation results 
than the ACF of images containing only speckle structures. 

In the next step, the ultrasound images of normal human livers were acquired  
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Table 1. The values of the normalized ACF changed with SoS settings from 1450 m/sec to 
1580 m/sec in the ROI containing the fully developed speckle and the specular structures. 

SoS settings (m/sec) 1420 1460 1500 1540 1560 1580 

Value of Normalized 
ACF from speckle  

region 
0.6383 0.5839 0.6058 0.6467 0.6537 0.6688 

Value of Normalized 
ACF from specular 

structure region 
0.6992 0.6075 0.639 0.7294 0.746 0.7768 

 
using the same ultrasound scanner with a ML6-15 transducer. The ROIs con-
taining the speckle area as well as some specular structures in the liver image 
were selected as shown in Figure 3. The values of normalized ACF of image data 
with different lags and different SoS settings were computed. For these images 
acquired with the ML6-15 transducer, a lag of 0.534 mm was selected in order to 
get the minimum values of the normalized ACF calculated from a speckle image 
area reached just below 0.6065, and a lag of 1.10 mm was selected in order to get 
the minimum values of the normalized ACF calculated from a specular image 
area reach just below 0.6065. Figure 7(a) is the result of the normalized ACF 
values with a lag of 0.534 mm at different SoS settings, while Figure 7(b) is the 
result of the normalized ACF values with a lag of 1.1 mm at different SoS set-
tings. Both results show that the minimum value of the normalized ACF with 
the lags of 0.534 mm and 1.10 mm were located at SoS = 1540 m/sec, which is 
close to the SoS of normal human liver in vivo. 

Finally, ultrasound images of normal human livers were acquired using the 
same ultrasound scanner with a C1-6 curved array transducer. As shown in Fig-
ure 4, the selected ROIs contain speckles as well as some specular structures in 
the liver images. The values of normalized ACF of image data with different lags 
and different SoS settings were computed. For these images acquired with a C1-6 
curved array transducer, a lag of 1.5 mm was chosen to obtain the minimum 
value of normalized ACF computed from the speckle image area, which was just 
below 0.6065, and a lag of 3.0 mm was chosen to get the minimum value of the 
normalized ACF computed from the specular image area, which was just below 
0.6065. Figure 8(a) is the result of normalized ACF values with a lag of 1.5 mm 
at different SoS settings, while Figure 8(b) is the result of normalized ACF val-
ues with a lag of 1.1 mm at different SoS settings. Both results show that the 
minimum values of the normalized ACF with lags of 1.5 mm and 3.0 mm are 
also located at SoS = 1540 m/sec, which is consistent with the results using linear 
array transducers and close to the SoS of normal human liver in vivo. 

4. Summary and Discussion 

In this paper, a novel image-based method is presented to determine the SoS of 
soft tissues. The method is based on searching for a minimum of the normalized  
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(a) 

 
(b) 

Figure 7. In our clinical study with a ML6-15 linear array transducer, the normalized 
ACF with a lag of 0.534 mm as a function of SoS setting for a fully developed speckle is 
given in (a), while the normalized ACF with a lag of 1.10 mm as a function of SoS setting 
for a region containing a specular reflector is given in (b). 

 

 
(a) 
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(b) 

Figure 8. In our clinical study with a C6-1 curved array transducer, the normalized ACF 
with a lag of 1.5 mm as a function of SoS setting for a fully developed speckle is given in 
(a), while the normalized ACF with a lag of 3.0 mm as a function of SoS setting for a re-
gion containing a specular reflector is given in (b). 

 
ACF of ultrasound image data with a specific lag among different SoS settings in 
beamforming channels. The proposed method was validated by imaging a tissue 
mimicking phantom and normal human liver tissue in vivo using a 10 MHz li-
near array transducer and a 3.5 MHz curved array transducer. If a similar time 
delay formula can be established for specific transducers, the principle of the 
method can be generalized to other types of transducers. Our experimental re-
sults also show that the lateral resolution of ultrasound images can be noticeably 
improved if the SoS setting in beamforming channels is close to the real SoS in soft 
tissues. This means that the minimized ACF value corresponds to maximized im-
age sharpness. 

Our method is based on the relative change in normalized ACF of ultrasound 
image data within a specific ROI and does not require any prior knowledge or 
assumptions about the ultrasound image, so it is more robust than other me-
thods using RF data processing, which often require adding assumptions such as 
a reflector or a reference image to find the appropriate time delay. 

In real clinical cases, a series of ultrasound images with different SoS settings 
in beamforming channels should be acquired in a short period of time to avoid 
changes in the imaging area due to transducer motion and patient motion (e.g. 
breathing motion). A better approach is to acquire just one set of RF data and 
then process the same set of RF data in beamforming with different SoS settings 
to create a series of images. Based on these series of images, our method can then 
be applied to determine SoS in soft tissues. 

Our current study assumes that the effective SoS in soft tissues is uniform, but 
in reality, the SoS may vary at different locations, such as the body walls with 
multiple layers of fat and muscle, which may bias the estimation of SoS in the 
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liver. A method including correction for fat/muscle layer effects has been studied 
and discussed [9]. The thickness of the fat and muscle layers can be measured by 
doctors using routine ultrasound. The average SoS used in the calculations could 
be 1450 m/sec in fat and 1575 m/sec in muscle [10]. Then, in a multi-layer me-
dium, the SoS of different layers is given by 

fattotal muscle liver

total muscle fat liver

dd d d
SoS SoS SoS SoS

= + +  

where 

totald  is the depth of ROI, which is used to calculate the normalized ACF, 

fatd  is the thickness of the fat layer, 

fatSoS  is the SoS in the fat, 

muscled  is the thickness of the muscle layer, and 

muscleSoS  is the SoS in the muscle. 
If liver total fat muscled d d d− −= , and liverSoS  is the SoS in the liver, we can de-

termine 

liver
liver

fattotal liver

total fat liver

dSoS dd d
SoS SoS SoS

=
− −

 

In routine clinical examinations, the situation may be more complicated, such 
as the SoS may not be uniform in soft tissues, strong phase aberration and 
other image artifacts can degrade the image quality and consequently bias 
measurement results. The movement of body tissues, which may vary the ROI 
used to compute the normalized ACF, can produce additional measurement er-
rors. 

5. Conclusion 

In this paper, a novel image-based method to determine SoS of soft tissue is 
proposed and validated on both a tissue mimicking phantom and human liver 
tissue in vivo using both linear and curved array transducers. The method is 
based on searching for a minimum of the normalized ACF of ultrasound im-
age data with a specific lag among different SoS settings in beamforming 
channels. 
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Abstract 
Background: The assessment of liver fibrosis is an essential part of the fol-
low-up of patients with chronic HBV. Ultrasound and fibroscan are two com-
monly used non-invasive examinations and the purpose of this study is to as-
sess the correlation between the results of these two examinations in the assess-
ment of liver fibrosis. Methodology: This was a descriptive and analytical 
cross-sectional study with retrospective collection over a period of 30 months 
from January 01, 2018 to June 30, 2020 on the correlation between the ultra-
sound aspects and the results of the fibroscan of patients with chronic carriers of 
Hepatitis B virus at the Teaching Hospital of Bogodogo and at the faith-based 
health center CANDAF. Results: A total of 85 patients with fibrosis were 
collected. The 30 - 40 age group was the most represented (41.18%), with a 
male predominance of 52.94%. The patients with a married life were the most 
represented (77.64%), the social stratum the most represented were the middle 
managers (32.94%). University level was predominant among education levels 
(45.64%). The personal history was traditional circumcision (34.12%), excision 
(21.18%), manicure (16.47%). The circumstances of the findings were blood 
donation (34.12%), screening (21.18%), fortuitous findings (16.47%). The asso-
ciation between echostructure and fibrosis on the fibroscan scan was significant 
(homogeneous hyperechoic echostructure p = 0.0028 and granular echostruc-
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ture p = 0.0001). Fibrosis on scans had a significant association with liver con-
tour (Regular contours p = 0.0009 and p = 0.0002). Fibrosis on CT scan had a 
significant association for the diagnosis of fibrosis on ultrasound (p = 0.0002 for 
hepatic steatosis and cirrhosis and p = 0.0013 for hepatic dysmorphia), on the 
other hand, no significant association for hepatomegaly (p = 0.8883). Conclu-
sion: Detecting the presence of fibrosis and monitoring its progression improves 
the management of patients with chronic liver disease. Ultrasound scans and fi-
broscan are complementary in the follow-up of patients with chronic HBV. 
 
Keywords 
Fibrosis, HBV, Ultrasound, Fibroscan, Correlation 

 

1. Introduction 

Viral hepatitis B (HBV) is a major public health problem in sub-Saharan Africa 
with approximately 65 million chronic carriers and 56,000 deaths per year [1]. 
The severity of liver damage conditions both the prognosis and the therapeutic 
indications during chronic hepatitis [2]. The clinical expression of the natural 
history of this infection is very variable, ranging from simple inactive carriage to 
chronic active hepatitis with progressive fibrosis that can lead to cirrhosis, which 
in its turn can be complicated by hepatocellular carcinoma [2] [3]. In rare situa-
tions, hepatocellular carcinoma occurs in a non-cirrhotic liver [4]. Fibrosis is an 
essential element to monitor in the search for complications of viral hepatitis B 
[3]. Indeed it is part of the definition of cirrhosis, which is a diffuse process de-
fined by mutilating fibrosis (destroying the normal lobular architecture of the 
liver), delimiting hepatocyte nodules of abnormal structure called regeneration 
nodules [5]. Liver biopsy is the gold standard for the diagnosis of liver fibrosis. 
However, it has the disadvantage of being an invasive procedure with risks of 
morbidity (0.3% to 0.6%) and mortality (0 to 0.05%) [6] [7]. This invasive ex-
amination cannot therefore be repeated in the context of monitoring the evolu-
tion of liver fibrosis, hence the development of non-invasive alternatives with 
blood and morphological tests. Elastometry or fibroscan is a promising and re-
producible non-invasive approach to the quantification of fibrosis [8] [9] [10]. 
Ultrasound is the first-line imaging test used in the follow-up of patients in-
fected with HBV. The advantages of ultrasound are its low cost, reproducibility, 
non-invasiveness and innocuousness, which can be repeated at will. However, 
the diagnostic performance of ultrasound for the diagnosis of hepatic fibrosis is 
insufficient, and its diagnostic accuracy depends on the signs sought [11]. De-
spite its disadvantages, ultrasound is the most economically and geographically 
accessible examination in our working context [12]. The aim of our work is to 
study the correlation between the ultrasound aspects of fibrosis and the results of 
the fibroscan of chronic carriers of the hepatitis B virus. 
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2. Material and Methods 

This was a descriptive and analytical cross-sectional study with retrospective and 
prospective collection over a 30-month period from January 1, 2018 to June 30, 
2020. Our study population was all chronic HBV infected patients to whom has 
been done an ultrasound scan during our study period at the teaching hospital of 
Bogodogo and at the CANDAF faith-based centre and who subsequently un-
derwent a fibroscan. For each patient we noted age, sex, profession, marital sta-
tus, ultrasound data including right liver, left liver, segment IV and segment I 
sizes, liver edge and its echotexture, portal vein trunk diameter, permeability and 
flow direction, splenomegaly and ascites presence or not. We also noted fibrosis 
score on fibroscan. Data sources were ultrasound reports, fibroscan reports and 
patient phone calls. Data were collected on an electronic collection form in-
stalled on an android smartphone. Data analysis was done on a microcomputer 
using Stata software version 17. To compare our results, we used the chi-square 
statistical test; the threshold of p < 0.05 was retained as statistically significant. 

The following ultrasound signs of cirrhosis and extensive fibrosis were used in 
this study: hepatomegaly: right liver greater than 150 mm, measured anterior to 
the right kidney on the medio-clavicular line; diffuse micronodular liver: granu-
lar heterogeneous echotexture made up of micronodules less than 3 mm; diffuse 
macronodular liver: nodular heterogeneous echotexture made up of nodules less 
than 3 to 20 mm, generally hyperechoic; hepatic dysmorphia: change in hepatic 
proportions with right liver atrophy (size less than 120 mm), segment IV atro-
phy (size less than 30 mm), left liver hypertrophy (size greater than 120 mm) 
and segment I hypertrophy (size greater than 15 mm); portal hypertension: di-
ameter of the portal trunk measured at the hepatic hilum greater than 12 mm 
+/− hepatofugal flow. Portal hypertension syndrome: dilatation of the portal 
trunk associated with splenomegaly and/or ascites. 

Fibroscan score: Elasticity score > 10 kpa (likely F3-F4: severe fibrosis); 7 kpa 
< elasticity score ≤ 10 kpa (likely F1-F2: moderate fibrosis); 2.5 kpa ≤ elasticity 
score ≤ 7 kpa (F0-F1: absent or minimal fibrosis). 

The secrecy and confidentiality of the information was respected. The proto-
col was submitted to the Ethics National Committee of Burkina Faso for bio-
medical research and was approved by deliberation n° 2021-07-180. 

3. Results 

A total of 993 ultrasounds were performed in chronic HBV infected patients and 
289 ultrasounds were abnormal. Fibrosis was found in 283 ultrasound results but 
only 85 patients with both ultrasound and fibroscan agreed to participate in the 
study. Figure 1 shows the flow-chart of the ultrasound and fibroscan results. 

Thus we included 85 patients with both ultrasound and fibroscan in this 
study. The mean age of the patients was 38 years with extremes of 19 and 69 
years. The age range 30 - 40 years was represented by 41.18%. There was a male 
predominance with 45 patients and the sex-ratio was 1.12. Middle managers  
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Figure 1. Flow chart of ultrasound and fibroscan results in chronic HBV infected pa-
tients. 

 
were represented at 32.94% (N = 85) followed by informal sector actors at 
17.65% (N = 85). Patients with a higher education were represented at 45.88% 
followed by those with secondary education at 28.4%. The majority of patients 
(85.88% or 73) lived in urban areas and follow-up was mainly carried out in a 
public facility (44.71%), followed respectively in a religious facility (27.06%), 
then private facility (22.35%) and the provinces (5.88%). In our study popula-
tion, all fibroscan examinations were prescribed by a hepato-gastroenterologist 
(100%). Regarding alcohol consumption as another risk factor for fibrosis, n = 
21 patients or 24.71% claimed to be regular consumers of alcohol in unspecified 
quantities. 

According to the quality criteria of the ultrasound reports, some elements had 
not been filled in. Table 1 gives the distribution of the dimensions of the liver 
filled in on the different ultrasound reports. Average size of right liver was 
137.706 mm with extremes of 45 and 177 mm. That of left liver was 96.417 mm 
with extremes of 80 and 122 mm. Those of segment 4 and segment 1 were re-
spectively 36.945 and 38 with extremes of 21 and 51 mm and 9 and 55 mm. 

Liver edge was recorded in the entire study population. The edge was regular 
with a frequency of 78.82% (n = 67) and irregular with a frequency of 21.18% (n 
= 18). 

Liver echotexture was homogeneous hyperechoic in 66 patients (77.65%), 
granular in 18 patients (21.18%) and micronodular in 4 patients (4.71%). 
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Table 1. Distribution of chronic hepatitis B virus infected patients according to liver size 
(N = 85). 

Variables effective Averagesize 
Standard 
deviation 

Min Max 

Right liver 85 137.706 19.11 45 177 

Left liver 24 96.417 10.521 80 122 

Segment IV 73 36.945 7.137 21 51 

Segment I 3 38 25.239 9 55 

 
Hepatic steatosis appeared to be the most frequent ultrasound diagnosis (n = 

49 or 57.65%) in these patients followed by hepatomegaly (n = 29 or 34.12%), 
cirrhosis (n = 17 or 20%) and dysmorphia (n = 7 or 0.08%). 

The average time interval between ultrasound and fibroscan was 6 days, the 
maximum was 120 days and the minimum was 1 day for patients who had both 
examinations. 

On fibroscan, 39 patients or 45.88% had a score between F0-F1, 14 patients or 
16.47% between F1-F2, 17 patients or 20% had a score at F3 and 15 patients 17.65% 
had a score at F4. Figure 2 shows fibroscan score frequency in our study popula-
tion. 

Association tests between liver echotexture findings on ultrasound and fibro-
sis on fibroscan showed a significant association between hyperechogeneous and 
granular liver with fibrosis. Respectively p-value was 0.2% and 0.01% and the 
strength of this association was 8.92 and 19.36. 

Table 2 shows the association tests. 
Association tests between final diagnosis on ultrasound and fibrosis on fi-

broscan showed a significant association between steatosis, cirrhosis, dysmor-
phia and fibrosis with a respective p-value of 0.02%, 0.02% and 0.13%. There was 
no significant association between hepatomegaly and fibrosis (p-value = 88%). 
Table 3 shows the association tests. 

The association tests between liver edge on ultrasound and fibrosis on fibros-
can showed a positive association between liver edge and the presence of fibro-
sis. There was significant association between irregular edge of liver on ultra-
sound and fibrosis with p-value of 0.02%. There was also significant association 
between regular edge of liver on ultrasound and fibrosis with p-value of 0.09%. 
The strength of this association was 11 for regular edge and 13 for irregular edge. 

Table 4 shows the association tests. 
Figure 3 showed correlation between ultrasound diagnosis of cirrhosis and 

the advanced fibrosis (F4) on fibroscan in a 28-year-old patient with chronic 
hepatitis. 

4. Discussion 

The young age of chronic HBV infected patients seen on ultrasound has also been 
found in several sub-regional [1] [10] and national [13] [14] studies. However,  
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Figure 2. Fibroscan score frequency (N = 85). 
 

Table 2. Correlation between liver echotexture and fibrosis on fibroscan in patients with 
chronic hepatitis B virus. 

Variables Fibrosis score 
 

Homogeneous  
hyperechogenous 

Fibrosis − Fibrosis + Total Odd ratio P-value 

Yes 36 30 66 
8.92 0.0028 

No 3 16 19 

Granular 
     

Yes 0 18 18 
19.36 0.0001 

No 39 28 67 

Micronodular 
     

Yes 1 3 4 
0.74 0.3906 

No 38 43 81 

*Fibrosis (+) = F1-F2, F3, F4; *Fibrosis (−) = F0-F1. 
 

Table 3. Correlation between ultrasound diagnoses and fibroscan results of chronic he-
patitis B virus infected patients. 

Variables Fibrosis score 
 

Hepatomegaly Fibrosis − Fibrosis + Total Odd ratio P-value 

Yes 13 16 29 
0.02 0.8883 

No 26 30 56 

Hepatic steatosis 
     

Yes 31 18 49 
14.08 0.0002 

No 8 28 36 

Cirrhosis 
     

Yes 1 16 17 
13.69 0.0002 

No 38 30 68 

Dysmorphia 
     

Yes 3 4 7 
11.07 0.0013 

No 36 42 78 

*Fibrosis (+) = F1-F2, F3, F4; *Fibrosis (−) = F0-F1. 
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Table 4. Correlation between the appearance of liver edges on ultrasound and fibroscan 
findings in chronic hepatitis B virus infected patients. 

Variables Fibrosis score on fibroscan 
 

Regular edges Fibrosis − Fibrosis + Total Coefficient P-value 

Yes 37 30 67 
11.12 0.0009 

No 2 16 18 

Irregular edges 
     

Yes 2 16 18 
13.69 0.0002 

No 38 29 67 

*Fibrosis (+) = F1-F2, F3, F4; *Fibrosis (−) = F0-F1. 

 

 
(a) 

 
(b) 

Figure 3. Cirrhosis diagnosed on ultrasound (a), correlated with severe fibrosis F4 on fi-
broscan (b) in a 28 years old patient followed for chronic hepatitis B virus carriage. (a): 
Liver with micronodular echotexture (white arrow) and irregular border (head of arrow); 
(b): Severe fibrosis F4 on fibroscan. 
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elsewhere in France, Cassinotto C. et al. (France 2016) found an average age of 
58 years [15]. This difference could be explained by the low life expectancy of the 
Burkinabe population in general, which is 60 years [16] and the complications 
related to the natural evolution of the disease and the comorbidity factors often 
associated with chronic HBV infected patients in our context. In our study there 
was a male predominance (52.94%) with a sex ratio of 1.12. Male predominance 
is the most reported in the literature [1] [10] [14]. Male sex is recognized as a 
factor in the progression of liver fibrosis, which could partly explain their greater 
demand for ultrasound monitoring of the evolution of fibrosis. Furthermore, in 
Burkina Faso it is recognized that the majority of health expenses are supported 
by men [16] and therefore this could explain why they have more access to paid 
paraclinical examinations. The schooling rate in our study was 84.28%, other 
authors found figures close to ours [13] [17] [18]. This high rate of schooling in 
our population can be explained by the fact that the study took place in the city, 
where the schooling rate is generally high, but also by a better awareness of the 
risks among educated and informed patients. 85.88% of our study population 
lived in urban areas. Chronic HBV infected patients living in urban areas have 
better access to qualified personnel and technical facilities for their follow-up 
[13] [19]. All our patients were followed by a gastroenterologist who prescribed 
both ultrasound and fibroscan. This could be explained by the fact that good 
practice recommends that follow-up be done by specialists. However, given the 
high prevalence of HBV infection (9.1%) in the general population [20] in our 
country and the insufficient number of specialists, it is essential to scale up the 
care of patients to include general practitioners. Even though the majority of our 
study population was salaried or had an income-generating activity (80%), it was 
not possible for all patients to have both ultrasound and fibroscan. This could be 
explained by the fact that the expenses were supported by the patients and that 
the fibroscan remains a relatively expensive examination (47.54$) compared to 
ultrasound (15.85$) in a context where the minimum wage is 49$ in 2022. 

The factors influencing the evolution of fibrosis are numerous and often asso-
ciated in the same patient. In our study, only alcohol consumption was evaluated 
as a cofactor and 24.7% stated that they were alcohol consumers, which is a fre-
quent phenomenon found in locoregional studies [3] [10] [13] [17] [21]. In our 
population 45.88% had minimal or non-significant fibrosis, 54.12% had signifi-
cant fibrosis. The results are variable in the literature depending on the cohorts 
Diallo I et al. (Senegal 2016) found 57.14% of non-significant fibrosis and 42.86% 
of significant fibrosis [22] while Touré Ps et al. (Senegal 2016) found 89.9% of 
non-significant fibrosis, 10.1% of significant fibrosis [10]. 

In our study, a non-significant correlation (p = 0.3906) for a micronodular 
structure was found and this could be explained by the small sample size. Fur-
ther studies with larger sample sizes are still relevant to clarify the issue. Ultra-
sound assessment of liver edge is a criterion associated with the diagnosis of fi-
brosis with the irregular type strongly associated with the diagnosis of fibrosis on 
fibroscan. These results are in agreement with those found in the literature, 
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Teyssier Y et al. (France 2020) found a match between liver edge on ultrasound 
and fibrosis on fibroscan [23]. The diagnosis of steatosis, cirrhosis and dysmorphia 
were significantly associated with the presence of fibrosis, while hepatomegaly was 
not significantly associated with fibrosis. This highlights the non-significant crite-
rion of hepatomegaly which can express several pathologies. There is a significant 
association between steatosis diagnosed on ultrasound and fibrosis on fibroscan. 
Ultrasound allows the diagnosis of steatosis with a sensitivity of over 90%. How-
ever, the hyperechogenicity of the liver parenchyma may be the expression of a 
fibrosis that has not progressed very far, and ultrasound cannot make the dis-
tinction at this stage [24]. These different tests between ultrasound and fibroscan 
show us that there is a concordance between the diagnosis of fibrosis on ultra-
sound and the diagnosis of fibrosis on fibroscan. These results support the use of 
ultrasound in the periodic follow-up of chronic HBV carriers. It should be noted 
that hepatic ultrasound is an indispensable means of monitoring, available, ac-
cessible, affordable, non-invasive, reliable and adapted to our context, and that 
access to fibroscan is limited, costly, and not available in the majority of health 
centres in our settings. These two examinations are complementary and cannot 
be dissociated in the follow-up of chronic HBV infected patients. For this rea-
son, the new fibroscan devices are coupled with ultrasound and we speak of 
echo-elastometry. Certain signs should be specified in all ultrasound reports be-
cause they may indicate liver fibrosis and guide the management of chronic 
HBV patients. These are: hyperechoic echotexture of the liver, irregular liver 
edges, hepatic dysmorphia, granular appearance, hepatic steatosis, cirrhosis (but 
prior to the diagnosis of cirrhosis, the above signs may point to appropriate 
management). As our study was carried out without funding, it was subject to 
limitations and constraints, including the failure to carry out the fibroscan due to a 
lack of financial resources, the sometimes long delay between the two examina-
tions, incomplete data in the ultrasound reports, and the non-standardization of 
the data, which required additional data collection via mobile phone. However, we 
can also consider that these results reflect real life and current practice. 

5. Conclusion 

Detecting the presence of fibrosis and monitoring its evolution improve the 
management of patients with chronic liver disease. Our study shows that ultra-
sound and fibroscan are complementary in the monitoring of chronic HBV in-
fected patients. Ultrasound is a good means of monitoring due to its low cost, 
reliability, availability and accessibility with precise signs to look for and 
record in the ultrasound report. Fibroscan becomes totally relevant for those 
cases of fibrosis not found on ultrasound but detected as early fibrosis on fi-
broscan. 
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