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Introduction

Ultrasound (US) imaging plays a major role in the global 
management of patients with chronic liver diseases. 
Thanks to its wide spectrum of clinical applications, 
ultrasound collects valuable information for diagnostic 
purposes, patient follow-up, and therapeutic decision-
making1. Its use covers:

- Analysis of liver parenchyma echotexture to assess 
the risk or the severity of chronic liver disease (such as 
changes in size of liver segments or liver dysmorphia 
and signs of portal hypertension),
- Detection and characterization of nodules in the 
context of cirrhosis, especially in order to manage 
hepatocellular carcinomas (HCC) as early as possible,
- Guidance and monitoring of percutaneous focal 
minimally invasive treatments (radiofrequency ablation, 
cryogeny, etc…,) of lesions such as HCC 
- Evaluation of the patient’s therapeutic response.

While conventional US imaging is very useful for 
global assessment of the liver, it has limitations in the 
assessment of diffuse liver diseases. Due to its subjective 
nature and variability in assessing alterations of the 
hepatic parenchyma echotexture and liver dysmorphia, 
conventional US imaging is not able to differentiate 
hepatic fibrosis stages accurately. Elasticity imaging and 
especially ShearWave™ Elastography (SWE™) may 
address this current limitation to help detect and stage 
liver fibrosis2. The benefits of SWE in the management 
of patients with chronic liver disease due to Hepatitis 
C infection have already been demonstrated3-5. The 
reliability and applicability of the technique have been 
evaluated as well and were reported to be similar to 
already existing non-invasive techniques5-6.

The quantification of hepatic fibrosis is of critical 
importance in the management of patients with chronic 
Hepatitis B infection, as it impacts the treatment indication. 
Patients recommended for antiviral therapy should have 
these 3 factors: (1) Hepatitis B virus (HBV) DNA levels 
above 2,000 IU/ml, (2) serum alanine aminotransferase 
(ALT) levels above the upper limit of normal (ULN) and 
(3) moderate to severe necroinflammation of the liver 
as assessed by liver biopsy or non-invasive liver fibrosis 
assessment methods, and/or at least moderate fibrosis 
(METAVIR score F≥2)7. For patients with obvious chronic 
Hepatitis B (HBV DNA≥20,000 IU/ml and ALT≥2 times 

ULN), antiviral treatment should be started without 
liver fibrosis assessment, but non-invasive methods 
may be useful to estimate the extent of fibrosis and to 
rule out cirrhosis. Additionally, patients with cirrhosis 
and detectable HBV DNA should be treated regardless 
of ALT levels. The detection of cirrhosis also indicates 
specific monitoring for portal hypertension and its related 
complications, as well as for detecting developing HCC8 .

Additionally, SWE could benefit patients requiring follow-
up assessment, such as (1) those under 30 years of 
age with normal ALT levels but high HBV DNA levels, 
(2) inactive chronic HBV carriers, (3) those who are 
monitored for cirrhotic disease progression, and (4) those 
followed-up for anti-fibrotic treatments.
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Our experience 

We have used SWETM to study liver and spleen stiffness 
in a large group of normal subjects and chronic Hepatitis 
B carriers with biopsy correlation. The full results will 
be published soon (Leung VYF et al. Radiology 2013, 
in press). In this study we demonstrated that SWE had 
better correlation to liver fibrosis than another commonly 
used non-invasive tool, similar to results found in the 
context of Hepatitis C infection3-5, especially in the 
assessment of early fibrotic stage METAVIR F2. Using 
SWE, we also showed that splenic stiffness could be 
linked to the severity of liver fibrosis. The optimal cutoffs 
in kilopascals (kPa) of liver stiffness and spleen stiffness 
for the identification of liver fibrosis stages have been 
calculated. We have concluded that SWE has been an 
accurate non-invasive method for assessing liver fibrosis.

Liver stiffness measurements

Our experience on 226 patients demonstrates that SWE 
can be used to accurately measure the stiffness of the 
liver in a non-invasive manner (see Figure 1). If confirmed 
by large prospective studies focused on HBV-infected 
patients, SWE may be useful to improve the indication 
for biopsy. This could be especially important in cirrhotic 
patients. In our study, we found that 10 kPa (1.8 m/s) was 
the optimal cut-off point for detecting cirrhosis (METAVIR 
F4). We also determined that 7.9 kPa (1.6 m/s) was the 
optimal cut-off value to detect severe fibrosis (METAVIR 
F3), and 7.1 kPa (1.5 m/s) was the optimal cut-off point 
to assess significant moderate fibrosis (METAVIR F2). 
In the latter cases, the demonstrated accuracy of SWE 
measurements would be very important to indicate anti-
fibrotic treatment, whereas conventional gray scale 
ultrasound alone is insensitive to significant or advanced 
fibrosis. The clinical case presented in Figure 2 is an 
example of this situation.

Figure 1. Liver SWE™ ima-
ging in a 40 year-old male 
HBV carrier patient with cir-
rhosis. 
This non-smoking, non-al-
coholic patient with diabetes 
was a known HBV carrier, with 
positive Hepatitis B e antigen 
(HBeAg). Liver ultrasound 
showed a moderate coarse-
ning of the liver echotexture, 
with presence of regenerative 
nodules. The liver stiffness 
was measured at 13.2 kPa 
(2.1 m/s), corresponding to 
a METAVIR F4 score, which 
was confirmed by liver biopsy.
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Figure 3. Moderate liver fibrosis assessed by both liver and spleen stiffness. 
This 63 year-old male HBV carrier ceased smoking and alcohol consumption since 2000. He presented with reflux esophagitis. 
On ultrasound examination, the liver showed a normal echotexture, and a spleen of normal size (length: 8.2 cm) with homogenous 
echotexture. SWE analysis of the liver parenchyma and spleen were performed. Liver elasticity (3A) was measured at 7.3 kPa (1.6 
m/s) which corresponded to F≥2, while spleen elasticity (3B) was measured at 19.7 kPa (2.6 m/s) which was approaching the F≥2 
splenic cut-off value found to be 19.8 kPa (2.6 m/s) in our experience. Liver biopsy proved a METAVIR F2 score, thus SWE was able 
to correctly assess liver fibrosis in this case.

3A 3B

Figure 2. SWETM assessment 
of severe liver fibrosis. 

This 55 year-old male HBV 
carrier was an ex-smoker, non-
drinker, and presented with 
colonic polyp. His liver function 
was impaired, with fluctuating 
ALT levels up to 91 IU/l. Gray 
scale ultrasound of the liver 
showed only mild coarsening 
of the echotexture. SWE of the 
liver was performed and liver 
stiffness was measured at 
9.7 kPa (1.8 m/s), which was 
graded as F≥3. Biopsy proved 
a METAVIR score F3.
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Spleen stiffness measurements
In addition to liver stiffness measurements, preliminary work has been performed on the diagnostic value of spleen 
stiffness assessment to aid in staging liver fibrosis9-10. In our experience with HBV patients, we see a potential application 
of spleen stiffness SWETM measurement, especially in the context of severe liver fibrosis and cirrhosis. 

As liver fibrosis progresses, splenic architectural changes take place, probably due to hemodynamic alterations, causing 
splenic stiffness to increase11-12. This change in splenic elasticity can be detected and measured by SWE. Although it 
is more obvious in cases of liver cirrhosis, splenic stiffness can be used in combination with hepatic stiffness to help 
assess fibrotic stages METAVIR F2 to F4. Our results proved that the optimal cut-off point of spleen stiffness to predict 
cirrhosis in HBV patients was 21.9 kPa (2.7 m/s). The case presented in Figure 3 demonstrates the additional value of 
using SWE on the spleen to reinforce liver fibrosis staging and to increase diagnostic accuracy. 

As liver fibrosis advances, we observed that the stiffness increase in the liver and the spleen do not follow the same 
progression curves. We found that the diagnostic use of SWE splenic stiffness for liver fibrosis staging was less accurate 
than that of SWE liver stiffness. Therefore, we have concluded considering SWE splenic stiffness as an ancillary 
parameter, which could support the diagnosis of severe fibrosis and cirrhosis in suspicious cases.
Splenic SWE measurements can also be useful when the severity of liver disease does not allow a direct measurement 
of liver stiffness, as shown in Figure 4. 

Figure 4. Patient with severe cirrhosis and splenomegaly. 
This 82 year-old male patient with HBV biopsy-proven cirrhosis presented with portal hypertension and ascites. As seen in Figure 
4A, ultrasound showed a shrunken and cirrhotic liver. The abdominal fluid collection appears clearly on this image. Ascites is not a 
limitation for the use of SWE in liver stiffness assessment, but a satisfactory liver SWE map could not be obtained in this particular 
case due to the small size of the liver and the patient’s inability to breath-hold for a sufficient time. In this patient, we could diagnose 
the recanalization of the umbilical vein and splenomegaly (measured length: 16.7 cm) with splenic varices (not shown). The large size 
of the spleen permitted measurement of splenic stiffness, which proved to be very stiff (56.5 kPa) on Figure 4B.

4A 4B
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Conclusion
In conclusion, SWE in the liver provides an accurate correlation between liver elasticity and liver fibrosis staging, and 
SWE in the spleen may serve as an ancillary parameter in advanced fibrosis. Real time SWE is found to be easy to 
perform with reproducible, quantitative measurements. It has been integrated into a conventional ultrasound machine, 
Aixplorer®, and can be performed in the same setting of morphological evaluation of liver cirrhosis and associated 
complications. Together with hematological and biochemical examination, physicians are provided with a more 
comprehensive assessment of the fibrotic status of the liver and the spleen in chronic Hepatitis B patients. Early and 
correct detection of METAVIR stage F2 liver fibrosis is very important, as antiviral and/or anti-fibrotic treatment can be 
started in a timely manner, thus preventing the progression of fibrosis. SWE is also valuable for longitudinal investigations 
and for the monitoring of treatment response, particularly for patients with contraindications to liver biopsy.

The advantages of real time scanning, superb resolution, repeatability, reproducibility, quantification and a high 
acquisition success rate make SWE a promising new technique in ultrasound elastography.
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