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Abstract
AIM
To determine whether contrast-enhanced ultrasono-
graphy (CEUS) as the first-line method is more cost-
effective in evaluating incidentally discovered focal liver 
lesions (FLLs) than is computed tomography (CT) and 
magnetic resonance imaging (MRI). 

METHODS
Between 2010 and 2015, our prospective study enrolled 
459 patients with incidentally found FLLs. The biological 
nature of FLLs was assessed by CEUS in all patients. 
CT or MRI examinations were added in unclear cases. 
The sensitivity and specificity of CEUS were calculated. 
The total costs of CEUS examinations and of the added 
examinations performed in inconclusive cases were 
calculated. Afterwards, the theoretical expenses for 
evaluating incidentally discovered FLLs using CT or MRI 
as the first-line method were calculated. The results 
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were compared. 

RESULTS
The total cost of the diagnostic process using CEUS for 
all enrolled patients with FLLs was 75884 USD. When 
the expenses for additional CT and MRI examinations 
performed in inconclusive cases were added, the total 
cost was 90540 US dollar (USD). If all patients had 
been examined by CT or MR as the first-line method, 
the costs would have been 78897 USD or 384235 USD, 
respectively. The difference between the cost of CT 
and CEUS was 3013 USD (4%) and that between MRI 
and CEUS was 308352 USD (406.3%). We correctly 
described 97.06% of benign or malignant lesions, 
with 96.99% sensitivity and 97.09% specificity. 
Positive predictive value was 94.16% and negative 
predictive value was 98.52%. In cases with 4 and more 
lesions, malignancy is significantly more frequent and 
inconclusive findings significantly less frequent (P  < 
0.001).

CONCLUSION
While the costs of CEUS and CT in evaluating FLLs 
are comparable, CEUS examination is far more cost-
effective in comparison to MRI. 

Key words: Contrast-enhanced ultrasonography; Focal 
liver lesion; Computed tomography; Magnetic resonance 
imaging; Economic analysis

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Diagnosing focal liver lesions (FLLs) is a part of 
everyday practice, and therefore the cost-effectiveness 
of their diagnosis is important. Our study compared the 
costs of contrast-enhanced ultrasonography (CEUS), 
computed tomography (CT) and magnetic resonance 
imaging (MRI) in assessing the biological nature of FLL. 
We have proven significant savings when using CEUS 
instead of MRI. The costs of CEUS and CT examinations 
can be considered comparable. There exist additional 
parameters which influence the efficacy of individual 
modalities. 

Smajerova M, Petrasova H, Little J, Ovesna P, Andrasina 
T, Valek V, Nemcova E, Miklosova B. Contrast-enhanced 
ultrasonography in the evaluation of incidental focal liver lesions: 
A cost-effectiveness analysis. World J Gastroenterol 2016; 
22(38): 8605-8614  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i38/8605.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i38.8605

INTRODUCTION
Incidental discovery of focal liver lesions (FLLs) occurs 
very commonly in everyday practice. Although the 
majority of these lesions are benign[1], non-contrast 

ultrasound cannot be counted upon reliably to disting-
uish between benign and malignant lesions. Therefore, 
the new ACG clinical guideline: the diagnosis and 
management of focal liver lesions[2] has been published 
and recommends further investigation of these lesions 
using CT or MRI. Contrast-enhanced ultrasound (CEUS) 
constitutes an alternative option for further evaluating 
FLLs. European Federation of Societies for Ultrasound 
in Medicine and Biology (EFSUMB) published guidelines 
and recommendations for application of CEUS in 
2004[3]. These guidelines were revised in cooperation 
with the World Federation of Societies for Ultrasound in 
Medicine and Biology (WFUMB)[4,5] in 2008 and 2012.

CEUS is an ultrasound technique whereby a special 
intravenous contrast agent is administered. There are 
several registered products on the market worldwide: 
Definity (Lantheus Medical Imaging), Lumason (Bracco 
Diagnostics), Optison (GE Healthcare), SonoVue® 
(Bracco Diagnostics), and Sonazoid (GE Healthcare)[6]. 
SonoVue®) is the only product currently registered 
in the Czech Republic. This contrast agent is based 
on gas microbubbles of size 1-10 μm, stabilized by a 
phospholipid shell[7]. It is a strictly intravenous contrast 
agent enabling detailed evaluation of tissue perfusion 
in real time. 

CEUS is not a time-consuming method and, unlike 
CT or MRI examinations, it can be performed in one 
session along with non-contrast ultrasound immediately 
upon finding a lesion. It benefits patients inasmuch 
as they are, in most cases, immediately informed of 
their diagnoses and are spared the stress of waiting 
for another examination. It is advantageous for the 
doctors, as well, because they can respond more 
flexibly and quickly to their findings. Considering how 
common liver lesions are, the cost of their diagnosis is 
also important. 

The aim of this study was to assess the economic 
aspect and efficacy of CEUS in evaluating the biological 
nature of incidentally found FLLs in comparison with 
other standard modalities, namely CT or MRI.

MATERIALS AND METHODS
Patients
Between January 2010 and December 2015, CEUS of 
the liver was performed 3638 times in our department. 
Patients enrolled in the study were diagnosed with one 
or more FLLs incidentally discovered: (1) by abdominal 
ultrasound performed for another reason (abdominal 
pain, diarrhoea, vomitus, dyspepsia, anaemia, etc.); 
(2) during a staging ultrasound for a newly diagnosed 
malignancy; or (3) during a follow-up ultrasound in 
patients with an oncological disease (colorectal cancer, 
breast cancer, renal carcinoma, etc.).

Exclusion criteria were (1) FLL previously known and 
being followed up for some time; (2) solitary lesions ≤ 
1 cm with typical appearance of haemangioma or cyst 
in patients without a history of malignancy (no follow-
up is needed according to the guidelines)[2]; (3) lesions 
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found by another diagnostic imaging modality (CT, 
MRI) with an inconclusive result; (4) untargeted CEUS 
performed for the purpose of finding malignant lesions 
in the liver changed by cirrhosis or with heterogeneous 
appearance; (5) assessment of response to treatment 
of malignant FLL (i.e., after radiofrequency ablation); 
and (6) CEUS results not confirmed by other diagnostic 
imaging modality or by ultrasound scan in 6 mo time or 
later.

System of public health care payments in the Czech 
Republic
The majority of health care payments in the Czech 
Republic are made by health care insurers, which are 
private or state-owned companies. The insurers are 
regulated by Act No. 48/1997 Coll. (known as the 
Public Health Care Insurance Act)[8]. There is a specific 
point value (issued annually as a Regulation of the 
Ministry of Health)[9-15] for every medical examination 
or treatment. The same regulation also announces the 
Czech crown (CZK) value of a point for the next year. 
In addition to the system of state regulation, every 
provider of health care (such as hospitals and general 
practitioners, among others) may negotiate slightly 
different conditions with all health insurers. 

It is important also to note that some medical exami-
nations are provided only by specialized departments. 
In our study, we disregarded possible differences which 
could ensue from negotiations with the various health 
care insurers and thus used the standard prices as 
issued by the Ministry of Health.

The presented costs are final (covering the costs of 
work by medical staff and consumption of material), 
and the providers of health care receive no other 
payments from either insurers or patients. The final 
prices of the examinations for each year are presented 
in Table 1.

Ultrasound
Upon discovering an FLL, a non-contrast ultrasound 
scan was made to assess its presence, number, 
size, and appearance in B mode. The cost of this 
examination also is a part of that for an FLL diagnosis. 
When calculating the total cost of CT and MRI stra-
tegies, the price of the non-contrast ultrasound scan 
also was included.

The price of a non-contrast abdominal ultrasound 
scan varied from 31.89 to 38.42 USD, depending on 
the year such examination was performed.  

CEUS
When an FLL was incidentally discovered by non-
contrast ultrasound scan during office hours, CEUS 
was subsequently performed by the same radiologist. 
That radiologist would not have been specialized in 
liver imaging. The radiologists performing the US and 
CEUS were either certified radiologists (5-15 years of 
experience), or residents (9 mo to 5 years of practice) 
under the supervision of a certified radiologist present 
at the US department. Consultation with another 
radiologist present at the US department was possible 
and common. A senior radiologist (9-14 years of 
experience) specialized in liver imaging was available 
for consultation in unclear cases.  

The ultrasound machines used were Ultrasound 
System iU22 Vision (Philips, the Netherlands) and 
Ultrasound System EPIQ 7 (Philips, the Netherlands). 
When an FLL was found incidentally during a non-
contrast ultrasound scan, an intravenous application 
of 1.5-4.8 mL (median 2.5 mL) of the contrast agent 
SonoVue® (Bracco, Italy) followed. The contrast-
enhanced examination was performed in side by side 
mode (B mode and contrast mode in one picture) 
and lasted at least 3 min. Lesions were assessed and 
classified in accordance with the literature[5].  

The cost of CEUS ranged between 164.19 USD and 
171.82 USD, depending upon the year. The price of 
the non-contrast ultrasound examination and of the 
contrast agent was already included into those figures. 

CT
CT examination was performed on a Brilliance 64 
scanner (Philips, the Netherlands). Non-contrast 
scans were followed by contrast-enhanced CT accor-
ding to a specific protocol for liver lesion evaluation 
which calls for administering 100-125 mL (median 
125 mL) of an intravenous contrast agent in proportion 
to the patient’s body weight. In our hospital, Iomeron 
350 (Bracco, Germany) is mostly used.

The cost of CT was 130.62-142.99 USD, depending 
upon the year, including the cost of the contrast agent. 

MRI
MRI of the liver was performed in supine position on 
an Achieva 1.5T MR system (Philips, the Netherlands) 
and using a SENSE SL Torso coil. Non-contrast images 
were first obtained and there followed intravenous 
application of the contrast agent Primovist 0.25 mmol/mL 
(Bayer, Germany). The amount of contrast medium 
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Table 1  Prices of individual examinations by year in USD

 Modality 2010 2011 2012 2013 2014 2015 Average

Non-contrast ultrasound   31.89   37.98   37.98     38.09   38.31   38.42   37.11
Contrast-enhanced US 165.02 171.82 164.19 164.3 164.51 164.61 165.74
CT  139.14 142.99 132.52   133.12 133.22 130.62 135.27
MRI 856.79 850.51 825.08   793.17 763.98 778.23 811.29

The price of contrast agent is included when required. CT: Computed tomography; MRI: Magnetic resonance imaging.

Smajerova M et al . CEUS in the evaluation of incidental FLL
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counted the expenses for groups of patients in indi-
vidual years and then the total sum for the period as 
a whole. We based our calculations on the prices of 
examinations mentioned above. 

We established the costs for individual years and 
then for the period as a whole. All expenses are stated 
in USD, although all were paid in CZK. The average 
exchange rate for the period from 1 January 2010 
through 31 December 2015 was used in the cost 
calculations, meaning 1 USD = 20.21 CZK[21].

The statistical methods of this study were reviewed 
by Petra Ovesna from the Institute of Biostatistics and 
Analyses, Masaryk University, Brno, Czech Republic.

RESULTS
The study included 459 patients, 212 (46.2%) of which 
were men and 247 (53.8%) of which were women. 
Ages ranged from 21 to 93 years (mean 63.4 years). 
Together, they accounted for 1335 FLLs discovered 
incidentally by non-contrast ultrasound. Benign 
lesions were discovered in 271 (59.1%) patients 
and malignant lesions in 137 patients (29.8%). In 
51 (11.1%) patients (Figure 1), the CEUS result was 
inconclusive. All lesions were further evaluated with 
another diagnostic imaging modality or followed up 
with ultrasound. The findings during individual years 
are given in Table 2. 

One lesion was found in 276 (60.1%) patients, 2 to 
3 lesions in 101 (22%) patients, and 4 or more lesions 
in 82 (17.9%) patients. 

As illustrated in Figure 2, it is clear from our results 
that in cases with 4 and more lesions malignancy is 
significantly more frequently seen and the proportion 
of inconclusive findings is significantly less (P < 0.001).

Of benign lesions, there were 136 (58.2%) 
haemangiomas (Figure 3), 23 (7.7%) focal nodular 
hyperplasia (Figure 4), 58 (24%) pseudolesions, 16 
(3.1%) focal steatoses, 16 (4.01%) cysts, 6 (0.5%) 
liquid collections, and 5 other findings (haematoma, 
postoperative changes, dysplastic nodule in cirrhotic 
liver). In 26 (6.6%) patients, the lesions were not 
further subclassified but the nature of those lesions 
was described as benign. In 13 patients, two types of 
lesions occurred.

To be able to calculate the specificity and sensitivity 
of CEUS in our study, the findings had to be verified 
by another diagnostic imaging modality which is 
considered a gold standard or to be unchanged over 
an extended period of time. Lesions were subsequently 

applied depended on the weight of the patient and was 
in the range 15-20 mL (median 15 mL; once opened 
the ampoule cannot be reused). 

The price of MRI consists of the sum of the com-
ponent procedures: basic sequences for liver evalua-
tion, diffusion-weighted imaging (DWI) and apparent 
diffusion coefficient (ACD) maps, contrast-enhanced 
MRI. The price for 2 × 10 mL of Primovist is then added. 
The total cost of an MRI examination was in the range 
763.98-856.79 USD, varying by year. 

Statistical analysis
In accordance with the literature[5], the number, size, 
and biological nature (malignant, benign, indeterminate) 
of each FLL were evaluated with CEUS. When possible, 
benign lesions were subclassified as haemangioma, 
focal nodular hyperplasia, pseudolesion, focal steatosis, 
cyst, abscess, or haematoma). A χ2 test was used to 
evaluate the relationship between the number and 
biological nature of the lesions.

The sensitivity and specificity of CEUS for our 
department were calculated. 

Economic analysis
The total cost of CEUS examinations of all patients was 
calculated. We then worked out what the expenses 
would have been if the biological nature of the FLL had 
been assessed by CT or MRI as the first-line method in 
all patients. The price of the non-contrast ultrasound 
scan was added. The expenses were subsequently 
compared to establish theoretical savings or losses. 

It is especially important for managing the patient 
to establish the biological nature of a lesion, meaning 
to determine if it is malignant or benign. Neither CEUS 
nor CT nor MRI is always reliable in defining the final 
diagnosis. Those cases in which the findings of CEUS 
were not clear formed the group “inconclusive”. In 
these patients, further investigation was essential, 
either using another diagnostic imaging modality (CE-
CT or CE-MRI) or with repeated ultrasonography scans. 
The cost of such additional examinations increased the 
expenses for diagnosing FLLs in cases of inconclusive 
CEUS findings. When CEUS results were conclusive, 
the expenses corresponded to the price of CEUS. 

Given the sensitivity and specificity of CEUS in our 
study and considering data already published from 
other studies[16-20], we regarded the reliability of CEUS, 
CT, and MRI to be comparable. Therefore, the cost-
minimization analysis was conducted. 

In calculating the cost-effectiveness of CEUS, we 

Table 2  Numbers of patients and contrast-enhanced ultrasonography findings by year n

2010 2011 2012 2013 2014 2015 Total

Total sum 38 53 73 85 124 86 459
Benign 16 27 45 50   72 61 271
Malignant 15 21 19 27   39 16 137
Inconclusive   7   5   9   8   13   9   51

Smajerova M et al . CEUS in the evaluation of incidental FLL
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evaluated by CT or MRI (either performed as a follow-
up examination or as an assessment of a response to 
treatment) or they were observed by ultrasound for 
longer than 6 mo or verified by histology. 

We described 97.06% of benign or malignant 
lesions correctly with 96.99% sensitivity and 97.09% 
specificity. Positive predictive value was 94.16% and 

negative predictive value was 98.52%. 
The cost of CEUS for the 459 enrolled patients 

with incidentally found FLLs was 75884 USD, thus 
averaging 165.3 USD per patient. 

In 51 patients with inconclusive CEUS findings, 
the costs were increased by additional CT or MRI 
examination or ultrasonography follow-up (CT was 
performed in 33 patients, MRI in 10 patients, and 
ultrasound follow-up in 8 patients; Table 3). The total 
cost of additional examinations was 14657 USD. 

The total cost of diagnosing FLLs while pursuing a 
CEUS strategy was therefore 90540 USD, averaging 
197.3 USD per patient. 

Theoretically, if all FLLs incidentally found by non-
contrast ultrasound scans would have been evaluated 
with CT, the expenses for 459 patients would have 
been 78897 USD for the whole period, meaning 171.9 
USD per patient. 

In case of using MRI after the initial non-contrast 
ultrasound scan, the cost for 459 patients would have 
been 384235 USD, meaning 837.1 USD per patient. 

Inconclusive findings could be expected even 
when using CT or MRI, and such patients would have 
to be examined further (using MRI after CT, PET/CT, 
biopsy, CT or MRI follow-up). That would increase 
the total cost of these strategies. Considering that 
similar sensitivity and specificity are described in the 
literature for CEUS and CT[16-23], a similar incidence of 
inconclusive results could be expected. We could find 
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Figure 2  Correlation between number of lesions and diagnostic result of 
contrast-enhanced ultrasonography. When 4 and more lesions exist, the rate 
of malignancy is higher and the proportion of inconclusive results lower (P < 
0.001).
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Figure 1  Liver metastasis of spinocellular carcinoma. Male, 75 years of age, with history of spinocellular carcinoma of the left lung. Emergency ultrasound 
performed for colicky abdominal pain identifies a hypoechoic lesion in segment S8 of the right liver lobe (A); Upon contrast-enhanced ultrasonography (CEUS) 
examination, the lesion shows increased enhancement in arterial phase compared to surrounding parenchyma (B); In following phases (C), there is detectable 
washout typical for malignant lesions. On CT performed for another reason there is a hypodense lesion on portal venous phase (D) corresponding to metastasis.
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C D



8610 October 14, 2016|Volume 22|Issue 38|WJG|www.wjgnet.com

no relevant data as to how many such results may 
occur, however, and therefore the cost of possible 
additional examinations could not be added. 

Over the period of the study, the difference in total 
cost between CT and CEUS was 3013 USD (4%; i.e., 
6.6 USD per patient) and between MRI and CEUS 

it was 308352 USD (406.3%; i.e., 471.8 USD per 
patient). Those also are the sums we hypothetically 
saved using CEUS as the method of choice instead 
of CT or MRI in evaluating the biological nature of 
incidentally found FLLs. 

If the costs of further investigating inconclusive 

Smajerova M et al . CEUS in the evaluation of incidental FLL
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Figure 3  Haemangioma. Female, 57 years of age. Ultrasound scan performed for dyspepsia, a hyperechoic lesion found in segment S8 of the right liver lobe (A); 
Peripheral nodular enhancement after application of the contrast agent (B, C); In the late phase, the lesion blends in with the surrounding liver parenchyma (D); An 
identical pattern of enhancement could be seen in CT performed later from a different indication (E). Both findings suggest haemangioma.

Table 3  Number of patients with inconclusive contrast-enhanced ultrasonography findings by year and by second-line examination 
methods  

2010 2011 2012 2013 2014 2015 Total

Total 38 53 73 85 124 86 459
Methods used for examining inconclusive findings 
Ultrasound follow-up   1   3   1     2   1     8
CT   4   4   6   6     9   4   33
MRI   3   1     2   4   10

CT: Computed tomography; MRI: Magnetic resonance imaging.
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CEUS findings were included, then examination with 
CT would be less costly by 11643 USD (12.9%) for 
the period (i.e., by 25.4 USD per patient). Evaluation 
with MRI would be still more costly by 293695 USD 
(324.4%) for the period (i.e., 639.9 USD per patient). 
The prices for CT and MRI examinations do not include 
expenses for further evaluating possible inconclusive 
findings. 

Table 4 summarizes the prices of individual exami-
nations for the individual years and for the period as a 
whole. 

Savings and losses for individual diagnostic stra-
tegies are summarized in Table 5. 

DISCUSSION 

The nature of all lesions of the patients enrolled in 
the study was evaluated by CEUS and subsequently 
verified. The nature of 97.06% of lesions was correctly 
determined by CEUS, with sensitivity 96.99% and 
specificity 97.09%. 

Our results were comparable to those from other 
studies in other countries which pursued this topic[22-26]. 
The high sensitivity and specificity in our group may be 
attributed to the option to consult a specialized senior 
radiologist and to quantify the perfusion. 

By comparison, a large German multicentre study 

Figure 4  Focal nodular hyperplasia. Female, 52 years of age, with anaemia. Native ultrasound (A) shows 19 mm hypoechoic lesion in segment S2 of the left liver 
lobe. On subsequent contrast-enhanced ultrasonography (CEUS) examination, there is increased centrifugal perfusion in arterial phase (B); In the late phase (C), 
the lesion blends in with the surrounding liver parenchyma and there is no sign of washout. The CEUS diagnosis was FNH. Magnetic resonance imaging (MRI); (D) 
performed for another reason after three months verifies the diagnosis - lesion with high signal on hepatobiliary phase of contrast-enhanced MRI. 

A B

C D

Smajerova M et al . CEUS in the evaluation of incidental FLL

Table 4  Total costs of individual strategies in USD

2010 2011 2012 2013 2014 2015 Total Total per 
patient

CEUS
   Examination   6271   9107 11986 13965 20399 14156   75884 165.3
   Additional examination   3350     800   1251   1935   3302   4020   14657 287.4
Total   9621   9906 13237 15900 23700 18176   90540 197.3
CT
   Examination   6499   9591 12447 14553 21269 14537   78897 171.9
MRI
   Examination 33770 47090 63004 70657 99483 70232 384235 837.1

Prices for computed tomography (CT) and MRI strategies do not include the expenses for investigating inconclusive cases. CEUS: Contrast-enhanced 
ultrasonography; MRI: Magnetic resonance imaging.
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(the DEGUM study)[22] evaluated 1349 patients with 
liver lesions. Malignant and benign lesions were 
correctly differentiated in 95.7% of patients with 
sensitivity 95.8% and specificity 83.1%. 

In a French multicentre study[23], 874 patients 
with 1034 FLLs were examined and CEUS results 
were compared to gold standard methods (CE-CT, 
CE-MR, or liver biopsy). In this case, 73% of benign 
and malignant FLLs were correctly evaluated, with 
sensitivity 79% and specificity 88%.

Finally, another German study[24] observed 317 
patients, 89% of which were correctly diagnosed by 
CEUS, with sensitivity 90% and specificity 99%. 

A number of other studies also address specificity 
and sensitivity of CEUS[27-30]. With regard to cost 
effectiveness, several published studies have reported 
significant savings when using CEUS[31-34].

An Italian multicentre prospective study[31] eva-
luated 485 patients with 575 lesions. Two diagnostic 
algorithms were compared: a standard approach (after 
finding a liver lesion with non-contrast ultrasound, 
CT or MR follows) at a total cost of 134576 EUR for 
diagnosing the nature of lesions and a new strategy 
(non-contrast ultrasound immediately followed by 
CEUS) at a cost of 55674 EUR. Using CEUS resulted in 
savings of 78902 EUR (i.e., 162 EUR per patient). 

A German study[32] also compared the economic 
aspect of using CEUS and CT in evaluating incidentally 
found FLLs. It concluded that CEUS was the more 
cost-effective method for all scenarios in which CEUS 
examinations were performed at specialized centres. 
The price for CEUS ranged between 122.18 and 184.53 
EUR, and the price for multi-phase CT was 223.19 
EUR. With approximately 40000 incidentally found 
FLLs in Germany per year, systematic implementation 
of CEUS would result in savings of around 4 million 
EUR/year. The cost of CEUS examination would be 
significantly higher, however, if performed also at non-
specialized centres, where the price for one CEUS 
examination could average 407.87 EUR[32]. 

The data from a French multicentre study[33] as-

sessed the costs of evaluating 149 liver lesions. The 
final savings were 128.5 EUR per lesion when using 
CEUS. 

Finally, another Italian study[34] evaluated 398 
patients with benign FLLs between 2002 and 2005. The 
cost of one CEUS examination was 101.51 EUR and 
that of CT was 211.48 EUR. The final cost saving was 
47055 EUR when using CEUS as the first-line diagnostic 
imaging modality after non-contrast ultrasound. 

In our prospective study, the difference between 
the total costs of CEUS and CT, at just 3013 USD 
(i.e., + 4%) for the entire period, was relatively small 
compared to those from studies published previously. 
Adding in the cost for further investigation of 
inconclusive CEUS findings would bring that difference 
to 11643 USD (i.e., +12.9%). 

The high price of the contrast agent for CEUS in the 
Czech Republic increases the overall cost of a CEUS 
examination (average 165.74 USD) compared to the 
price of CT (average 135.27 USD) and contributes to 
the relatively small savings in comparison with other 
studies.

The difference between the cost of CEUS and MRI 
was significant even in our study, at 308352 USD (i.e. 
406.3%). Adding in the cost for further investigation of 
inconclusive CEUS findings, that difference would have 
been 293695 USD (i.e., +324.4%).

The hypothetical cost of diagnosing FLLs with CT 
and MRI does not include the expenses for further 
evaluation of inconclusive findings, which would 
certainly arise. Such patients would have to be 
followed up or examined using another diagnostic 
modality (MRI, PET/CT, biopsy or surgery, including the 
costs of hospitalization and possible complications). 
Accordingly, the total cost of these diagnostic scenarios 
would have increased and the cost-effectiveness 
of CEUS would have been even more pronounced. 
Unfortunately, we could find no published data which 
would indicate numbers of inconclusive CT and MRI 
findings in evaluating FLLs. Therefore, we could not 
include the hypothetical cost of possible additional 
examinations. 

A disadvantage of CT is its necessity for intra-
venous application of iodinated contrast agent with 
accompanying risks of its having side effects and 
causing complications (allergic reaction, anaphylactic 
shock, etc.). The cost of treating such complications 
was also not included in the total expenses. These 
complications are rare, however, and the cost of their 
treatment would probably not significantly alter the 
result of this study. In cases of using MRI and CEUS 
examinations, as we did, these reactions are even rarer. 

Additionally, patients with known or suspected 
allergy to iodinated contrast agent would have to be 
examined by MRI, which is more expensive. We did 
not take this into account, but it would certainly further 
raise the total cost of diagnosis while pursuing a CT 
strategy. 

In the Czech Republic, MRI is still an expensive 
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Table 5  Differences between costs of computed tomography 
and magnetic resonance imaging strategies and contrast-
enhanced ultrasonography strategy (USD, %)

Difference in 
USD

Difference 
per patient 

in USD

Difference 
(%)

CT
CEUS vs CT     -3013     -6.6      -4.0
CEUS + additional vs CT     11643     25.4     12.9
MRI
CEUS vs MRI -308352 -671.8 -406.3
CEUS + additional vs MRI -293695 -639.9 -324.4

Prices for computed tomography (CT) and MRI strategies do not include 
the expenses for investigating inconclusive cases. Negative values indicate 
magnitude of savings while positive values indicate level of higher costs. 
CEUS: Contrast-enhanced ultrasonography; MRI: Magnetic resonance 
imaging.
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examination and one that for many patients is poorly 
accessible due to a small number of available devices 
and their high workload. Therefore, CEUS is more 
advantageous not only in terms of cost-efficiency but 
also of accessibility and usage. Another significant 
impact of these disadvantages is that CT is used as 
the second-line examination method after inconclusive 
CEUS findings rather than MRI.

Important advantages of CEUS are the absence of 
ionizing radiation, good accessibility, short duration, 
and its possibility to be conducted immediately after 
the non-contrast ultrasound scan. Thus, the patient is 
examined in a single session and need not wait weeks 
for another examination and diagnosis. 

Unfortunately, although health insurance covers 
CEUS examinations performed in our specialized 
centre, this is not the case for district hospitals in the 
Czech Republic.

In conclusion, the expenses for diagnosing FLLs 
with CEUS are comparable to those of CT. Important 
advantages of CEUS are the absence of radiation and 
the speed of diagnosis while maintaining diagnostic 
accuracy. Moreover, CEUS is significantly more cost-
effective in comparison with MRI. 
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