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inTRODUCTiOn

The first line investigation for the majority of patients with symptoms attributable to the upper 
abdomen is an ultrasound examination. An ultrasound examination is readily accessible, safe, 
non-invasive and informative for the referring clinician.1 The expectations of the results of the 
examination are often negative, in that the ultrasound examination is a test of exclusion in many 
cases. Vague abdominal pain, the most common reason for referral, may on occasion demonstrate 
gallstones; abnormal liver function tests may reveal a fatty liver.  

A classic haemangioma may be a straight-forward diagnosis on B-mode ultrasound but often 
atypical lesions are encountered, requiring further imaging which in many cases is Computed 
Tomography (CT) or Magnetic Resonance (MR) imaging.2-4 These investigations are expensive, 
not readily available but more importantly raise levels of anxiety in the patients as they wait for 
confirmation of the nature of the incidental lesion demonstrated on the ultrasound examination.5 
This is particularly pertinent with regards to patient anxiety as the majority of lesions found 
incidentally on an ultrasound examination will be benign.6 

Ultrasound has always suffered for the lack of a suitable contrast agent, with sensitivity and 
specificity of evaluation of focal liver lesions documented as inferior to that of a CT or MR imaging. 
Unenhanced ultrasound has always been compared with enhanced CT in the evaluation of these 
lesions, disadvantageous to ultrasound. 

The recent well documented difficulties associated with MR contrast agents limit their use in patents 
with renal impairment,11 precluding contrast-enhanced MR imaging for the characterisation 
of focal liver lesions. Therefore it would seem at this period, CEUS should be ideally placed to 
characterise any incidentally discovered focal liver lesion with accuracy and to allow correct 
imaging and clinical pathways to be instituted for the appropriate management.12 
To this effect two cases will be illustrated and the implications of the use of CEUS in both the cases 
will be highlighted with respect to the influence on the medical management of the patients.

Not infrequently an unexpected finding of a focal liver lesion is encountered. This 
poses a dilemma for the examining sonographer; typical characteristics on the B-mode 
examination may indicate a benign abnormality but there will always be uncertainty 
and follow-up ultrasound or further imaging is advocated. 

With the advent of ultrasound contrast agents and the development of techniques that 
allow optimal imaging of the microbubbles, contrast-enhanced ultrasound (CEUS) can 
now be comparative to contrast-enhanced CT imaging.7-9 This is also achieved without 
the adverse effects of radiation, and with contrast agents that are inherently safe.10
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A 51 year old lady presented with a one month history of vague abdominal pain after return 
from a holiday. There was no significant clinical history except for a long period on the oral 
contraceptive pill, stopped five years previously. The general practitioner (GP) performed liver 
function tests with the liver enzymes slightly elevated. The GP suspected gallstones and referred 
the patient for further evaluation with an ultrasound examination. The ultrasound examination 
failed to demonstrate any gallbladder abnormality but did demonstrate a focal abnormality of 
the left lobe of the liver measuring 58 x 50 mm, of uniform reflectivity and almost iso-echoic to 
the surrounding normal liver. A possible central scar was observed within the lesion, and the 
colour Doppler ultrasound examination was unhelpful (Fig. 1A). A CEUS examination was then 
performed, as the differential diagnosis was essentially between a focal nodular hyperplasia and a 
hepatic adenoma, with a focal malignant lesion less likely. Using SonoVue® (Bracco Imaging Spa, 
Milan, Italy) 2.4 mLs as the contrast agent and imaging with CPS™ mode (Siemens, Mountain View, 
CA, USA) the examination demonstrated an early central “star” pattern (Fig. 1B) with persistent 
enhancement of the lesion into the late portal venous phase consistent with the appearances 
seen with a focal nodular hyperplasia, a benign lesion (Fig. 1C). A hepatic adenoma normally 
demonstrates a rapid uniform appearance with CEUS and also retains contrast in the late portal 
venous phase.13 The appearances clearly indicated to the observer that this was not a malignant 
abnormality, the correct medical management pathway was instituted, and the patient reassured 
immediately as the benign nature of the incidentally discovered abnormality.

Figure 1
A   a. The B-mode ultrasound image in a sagittal plane through 

the left lobe of the liver demonstrates an iso-echoic lesion 
(arrows) with a vague central scar (arrowhead).

B. On this split screen image (CEUS on the left, B-mode 
image on the right), at 24 seconds (late arterial phase) 
there is enhancement close to the central scar in a radial 
“star-like” configuration (arrow) typical for a focal nodular 
hyperplasia lesion.

c. On this split screen image (CEUS on the left, B-mode 
image on the right), at 2 minutes 20 seconds (late portal 
venous phase) there is enhancement in a uniform manner 
throughout the lesion (arrow), equal to or greater than the 
surrounding liver parenchyma in keeping with a benign 
abnormality.

B   C   
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CaSE 2

A 65 year old recently retired man sought advice from his general practitioner as to the cause for 
his recent weight loss associated with nausea and loss of appetite. The patient had previously 
been fit and well, with no smoking history or occupational history of note. Based on the results 
of liver function tests, with mild elevation of the liver enzymes, an ultrasound examination of the 
upper abdomen was requested. The ultrasound examination demonstrated a focal low reflective 
lesion in the central aspect of the right lobe of the liver measuring 20 x 16 mm, without evidence of 
vascularity on the colour Doppler ultrasound (Fig. 2A). The nature of the focal lesion was suspicious 
of malignancy on the B-mode ultrasound although the possibility an atypical haemangioma in a 
fatty liver was raised. A CEUS examination was performed using SonoVue® (Bracco Imaging Spa, 
Milan, Italy) 2.4 mLs as the contrast agent and imaging with CPS™ mode (Siemens, Mountain View, 
CA, USA). The early arterial phase demonstrated poor enhancement (Fig. 2B) with clear evidence 
of lesion washout on the late portal venous phase (Fig. 2C), an appearance characteristic of a 
malignant abnormality, most likely a metastasis. A haemangioma demonstrates poor central 
enhancement initially, but with gradual globular or nodular peripheral enhancement with in-filling 
of the lesion into the late portal venous phase. The GP was informed of the findings, arrangements 
were made for an immediate medical review, and a left sided pleural effusion was found on the 
chest X-ray. An underlying mesothelioma was diagnosed on subsequent CT imaging and the 
appropriate medical management instituted. The patient was able to appreciate the severity of 
the condition immediately, allowing rapid management of the situation.

Figure 2
A   a. In the posterior aspect of the right lobe of the liver on 

this sagittal view is a mixed reflective focal lesion with the 
suggestion of a low reflective halo (arrow).

B. On this split screen image (CEUS on the left, B-mode 
image on the right), at 19 seconds (arterial phase) there 
is poor enhancement of the focal lesion (arrow) in 
comparison to the remainder of the liver parenchyma; 
the possibility of a poorly vascularised metastasis is 
suggested.

c. On this split screen image (CEUS on the left, B-mode 
image on the right), at 1 minute 41 seconds (portal 
venous phase) there is less enhancement in the lesion 
(arrow) than the surrounding liver parenchyma; the 
lesion has “washed-out” in keeping with a malignant 
abnormality.

B   C   
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DiSCUSSiOn

The two cases above, with different incidental focal liver lesions, illustrate the utility of CEUS in 
immediately defining the nature of the abnormality and instigating the appropriate medical 
management.

The additional cost is that of the contrast agent; again minimal in the context of the imaging and 
medical pathways that need to be negotiated in order to establish the nature of the focal lesion 
seen on the B-mode examination.5,15 The hidden cost is that of the anxiety and uncertainty of the 
patient who waits for the correct diagnosis to be established; this is immeasurable.

A further study analysing the findings of using CEUS in a cohort of 127 patients with an incidental 
lesion (which included patients with an underlying known cancer), identified all benign lesions as 
benign, and identified one malignant lesion as benign.16 

The overall accuracy of CEUS in characterizing the nature of a focal liver lesion is not in doubt 
with numerous studies testifying to the robustness of the technique in comparison to CT and MR 
imaging.17 Often large studies are performed in hospital settings with the lesions already identified 
and entered into clinical trials to test the utility of CEUS. However in the context of using CEUS in 
daily routine ultrasound practice this has yet to be fully realised by the imaging community. When 
there is a focal lesion identified on the B-mode examination, the tendency is to normally follow-up 
with a B-mode ultrasound if the operator is confident that this is a haemangioma, the only benign 
focal liver lesion with unmistakable characteristic ultrasound features. If there is any doubt as to 
the nature of the focal abnormality, a referral pathway is instituted; commonly physician review 
as an out-patient. This is followed by further imaging, usually a CT examination, and then review 
in the out-patients again. If the CT is equivocal, as is not infrequent, an MR examination may be 
considered. Multiple imaging, out-patient visits and the progression of time will intensify patient 
anxiety. Financial consequences will inevitably occur, often forgotten is the personal financial 
implications for the patient, particularly if self-employed.

The time taken to add the CEUS examination to the B-mode ultrasound examination 
is minimal, and in effect constitutes the placing of a venous cannula, drawing up and 
administering the contrast solution and performing a further 5 minute ultrasound 
examination; probably under 10 minutes in total.14 

The majority of the incidentally discovered focal liver lesions will be benign in nature. 
This is illustrated in a recent study analysing the investigation of 174 lesions with 
CEUS; 168 (96.5%) were benign with accurate blinded reader assessment allowing 
the authors to suggest that any follow-up imaging was not necessary in this cohort 
of non-cancer patients.12 
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A clear diagnosis will allow appropriate management, return to the GP or forward referral into the 
hospital system. The cost savings are potentially high, the patient reassurance immeasurable.

Table 1. Flow chart for the assessment of focal liver lesions with CEUS.

Late Portal Venous Phase Enhancement
(>120 seconds, until microbubble disappearance)

≥Normal Liver <Normal Liver

Arterial Phase Enhancement
(15 seconds, ends 35 seconds)

Arterial Phase Enhancement
(15 seconds, ends 35 seconds)

Peripheral Nodular 
Enhancement

Branching Radial Pattern 
of Enhancement

Diffuse Intense Enhancement
± Capsule Enhancement

Diffuse Enhancement
± 

Capsule Enhancement

Variable 
Washout

Predominant 
Washout

Predominant 
Washout

Enhancement 
>Normal Liver

Enhancement 
<Normal Liver

Early Portal Venous Phase Enhancement
(30 seconds, ends at 120 seconds)

Early Portal Venous Phase Enhancement
(30 seconds, ends at 120 seconds)

Peripheral Nodular 
Enhancement

Centripetal Progression

Haemangioma Focal Nodular
Hyperplasia

Hepatocellular
Adenoma

Hepatocellular
Carcinoma

Vascular 
Metastasis

Poorly Vascular
Metastasis

Diffuse Enhancement 
±

Central Scar

There is much to justify the routine use of CEUS in evaluation of the incidental focal 
liver lesion and it should become routine in all ultrasound departments. The nature 
of the incidental lesion is such that in nearly all cases it will be benign. There should 
be no difficulty in ascertain the characteristics of the lesion on CEUS as the patterns of 
enhancement are well established (Table 1).
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