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PURPOSE
When a suspected hepatic alveolar echinococcosis (AE) lesion is detected on a contrast enhanced 
computed tomography (CT) scan, an additional triphasic or non-enhanced CT scan is required to 
determine the presence of calcification and enhancement. As a result, imaging costs and exposure 
to ionizing radiation will increase. We can create a non-enhanced series from routine contrast-en-
hanced images using dual-energy CT (DECT) and virtual non-enhanced (VNE) images. This study’s 
objective is to assess virtual non-enhanced DECT reconstruction as a potential diagnostic tool for 
hepatic AE.

METHODS
Triphasic CT scans and a routine dual energy venous phase were acquired using a third-generation 
DECT system. A commercially available software package was used to generate VNE images. Indi-
vidual evaluations were conducted by two radiologists.

RESULTS
The study population consisted of 100 patients (30 AE, 70 other solid liver masses). All AE cases were 
diagnosed [no false positives/negatives, 95% confidence interval (CI) sensitivity: 91.3%–100%; 95% 
CI specificity: 95.3%–100%]. Interrater agreement was k: 0.79. In total, 33 (33.00%) of the patients 
had AE, which was detected using both true non-enhanced (TNE) and VNE images. The mean dose-
length product of a standard triphasic CT was significantly higher than biphasic dual-energy VNE 
images. 

CONCLUSION
In terms of diagnostic confidence, VNE images are comparable with actual non-enhanced imaging 
when evaluating hepatic AE. Further, VNE images could replace TNE images with a substantial radi-
ation dose reduction. Advances in knowledge: hepatic cystic echinococcosis and AE are serious and 
severe diseases with high fatality rates and a poor prognosis if managed incorrectly, especially AE. 
Moreover, VNE images produce equal diagnostic confidence to TNE images for assessing liver AE, 
with a significant reduction in radiation dose.

KEYWORDS
DECT, virtual non-enhanced, alveolar echinococcosis, DLP, radiation

Echinococcosis is a largely global zoonotic illness caused by Echinococcus-genus family 
cestodes. Both Echinococcus granulosus and Echinococcus multilocularis (E. granulosus) 
are medically and publicly significant because they cause cystic echinococcosis (CE) and 

alveolar echinococcosis (AE), respectively. Both hepatic CE and AE are severe disorders with 
significant mortality rates and a poor prognosis if improperly treated, especially AE. The prev-
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alence of AE is highest in the northern hemi-
sphere, specifically in Central Europe, Turkey, 
Russia, Japan, Alaska, North America, and 
China. Approximately 18,000 new cases of 
AE are reported annually across the globe.1-3 

Untreated hepatic AE is invariably fatal, 
and the therapeutic response is difficult to 
evaluate once detected. Importantly, radiol-
ogists must guarantee rapid referral to ex-
perts and imaging follow-up; however, due 
to the variability of AE imaging findings, ini-
tial misinterpretation is prevalent, particular-
ly in non-endemic regions. Imaging methods 
such as ultrasonography, computed tomog-
raphy (CT), and magnetic resonance imaging 
work well together to aid in the diagnosis, 
morphology, and treatment choices of AE 
lesions.4,5 Typical hepatic AE calcifications 
are best seen on non-enhanced CT images. 
Moreover, demonstrating the absence of en-
hancement in AE lesions is a critical diagnos-
tic feature for differentiating AE from hepatic 
tumors.

When a suspected hepatic AE lesion is 
detected on a contrast-enhanced CT scan, 
an additional triphasic or non-enhanced CT 
scan is required to determine the presence 
of calcification and enhancement. As a re-
sult, imaging costs and exposure to ionizing 
radiation will increase. It is possible to create 
a non-enhanced series from routine con-
trast-enhanced images using dual energy 
CT (DECT) and virtual non-enhanced (VNE) 
images with a significantly reduced radiation 
dose.6 Previously, DECT was evaluated for the 
diagnosis of hepatic AE. Previous studies pri-
marily emphasized DECT’s ability to define 
the micro-perfusion status of the peripara-
sitic granulomatous reaction and the consis-
tency of DECT findings with positron emis-
sion tomography-CT results.7,8 Consequently, 
the objective of this study is to investigate 
the diagnostic potential of VNE DECT recon-
struction for hepatic AE.

Methods

Study population

A database search was conducted using 
electronic archives for patients who were im-
aged for liver mass characterization between 
December 2016 and December 2021 for this 
retrospective cohort study. Approval from 
the Ethics Committee was acquired (Erzincan 
Binali  Yıldırım University Clinical Research 
Ethics Committee, EBYU-KAEK-2022- 01.003-
28). Patients were included if they had the 
following: I) liver mass; and II) a multiphasic/
triphasic CT exam. Exclusion criteria includ-
ed the following: I) mono- or biphasic CT 
examinations; and II) multiphase CT exam-
inations without the use of dual energy. The 
study included only those patients with an 
AE diagnosis. To avoid selection bias and to 
create a more diverse study group, patients 
with non-AE liver masses (twice the number 
of patients with an AE diagnosis) were also 
randomly selected and included in the study 
group. One author formed the study group 
independently of the authors who evaluated 
the images.

Imaging protocol: triphasic CT scans with 
ADMIRE strength 2 (advanced modeled itera-
tive reconstruction) and routine dual energy 
venous phase were obtained via a third-gen-
eration dual-source dual-energy 2x192 
slice-CT system (Siemens Somatom Force, 
Siemens Healthcare, Erlangen, Germany). 

True non-enhanced (TNE) images scan pa-
rameters were as follows: the reference tube 
voltage was 120 kVp, the effective tube cur-
rent was adapted to the patient’s body mass, 
the quality reference mAs was 147 QrefmAs, 
the dose modulation was CARE dose 4D, the 
CARE kV was turned on, the slice thickness 
was 3 mm, and the reconstruction kernel was 
Br40. For contrast-enhanced phases, the fol-
lowing scan parameters were used: reference 
tube voltage: 100 kVp, effective tube current: 
patient body mass adjusted, quality refer-
ence mAs: 190 QrefmAs, dose modulation: 
CARE dose 4D, CARE kV: on, slice thickness: 
3 mm, reconstruction kernel: Bf40 (venous), 
and Br40 (venous) (arterial).

Iohexol was injected at a flow rate of 
4 mL/s and adapted to the patients’ body 
weight (1 mL/kg body weight), followed by 
a saline flush. TNE images were acquired first, 
followed by arterial and venous phase im-
ages 20 and 80 seconds after contrast agent 
injection, respectively.

VNE image calculation

A commercially available software pack-
age (SyngoVia VB20A, Siemens Healthcare, 
Forchheim, Germany) was used to generate 
VNE datasets (Figures 1, 2). Reconstruction 
was performed axially with the same slice 
thickness of 3 mm as for TNE images to ob-
tain identical images.

Main points

• Virtual non-enhanced (VNE) images can be 
used effectively in place of true non-en-
hanced images to diagnose hepatic alveolar 
echinococcosis (AE).

• Using VNE images reduces exposure to ion-
izing radiation.

• Despite a considerable drop in noise, 
sharpness, and image quality in VNE, both 
non-enhanced scans detect liver AE com-
parably. Figure 2. True non-enhanced (a) and virtual non-enhanced (b) images of a hepatic alveolar echinococcosis 

with typical calcification pattern (circle), necrotic areas (N), and irregular contours with normal parenchyma 
(P).

Figure 1. Arterial (a), portal venous (b), hepatic venous (c), axial computed tomography images of a hepatic 
alveolar echinococcosis with typical calcification pattern (circle), necrotic areas (N), and irregular contours 
with normal parenchyma (P).
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Assessment of image quality

Two radiologists with 8 and 25 years’ ex-
perience in abdominal imaging evaluated 
the image quality independently. If two 
independent readers disagreed on the di-
agnosis of an adverse event, a consensus 
reading was conducted. To reduce recall bias, 
all cases were evaluated randomly and anon-
ymously in two sessions separated by eight 
weeks. The following datasets were provided 
by the studying supervisor for these sessions: 
1. venous, arterial, and VNE images; and 2. 
venous, arterial, and TNE images. The vari-
ous datasets were distributed randomly and 
blindly to both readers during the initial ses-
sion. During the second session, the non-en-
hanced phase of the dataset was evaluated 
for the first time. Both readers scored TNE 
and VNE images on a 5-point Likert scale for 
overall image quality, noise, artefacts, and 
sharpness (5 being the best outcome of the 
evaluated category and 1 being the worst).

Diagnostic performance

The researchers were asked to make a di-
agnosis of AE or non-AE based on the pres-
ence and absence of calcification enhance-
ment. With TNE or VNE images in conjunction 
with the arterial and venous phases and a 
5-point Likert scale, diagnostic confidence in 
the presence or absence of AE was evaluated 

(1 not confident, 2 low confidence, 3 moder-
ate confidence, 4 confident, and 5 high con-
fidence).

Radiation dose

To evaluate the reduction in X-ray expo-
sure, the total dose-length product (DLP) of 
all three phases (TNE, arterial, and venous) 
and the total DLP of only the arterial and 
venous phases were determined for each 
patient.

Statistical analysis

SPSS was used to conduct the statistical 
analysis (IBM SPSS Statistics 24). To evaluate 
the normally distributed data, the Kolmog-
orov–Smirnov test was utilized. Continu-
ous variables with normal distribution [age, 
Hounsfield units (HU) values, and DLP val-
ues] were represented by their mean and 
standard deviation, numerical variables with 
non-normal distribution were given as the 
median (min−max) (image quality, noise, 
sharpness, diagnostic confidence, and arte-
fact elimination scores), while the categorical 
variables (gender) were represented by their 
percentage (%). The Wilcoxon paired test was 
used to compare the overall image quality, 
noise, sharpness, artefact elimination, and 
diagnostic confidence. Sensitivity and spec-
ificity were calculated using cross tabulation 

and expressed in percent (%), including the 
95% confidence interval (CI). The paired 
t-test was utilized to determine the DLP’s 
significance. Cohen’s kappa coefficient was 
used to determine the interrater agreement 
for the image quality, noise, sharpness, arte-
fact elimination, and diagnostic confidence. 
Kappa values (k) of agreement were defined 
as poor between 0.01 and 0.20, fair between 
0.21 and 0.40, moderate between 0.41 and 
0.60, substantial between 0.61 and 0.80, and 
nearly perfect between 0.81 and 1.00.9

The level of significance was accepted as 
α: 0.05. 

Results
The study population consisted of 100 

patients (30 AE, 70 other solid liver masses). 
The mean age of the population was 56.23 ± 
11.72 years (min − max, 31–78 years). A total 
of 63 (63%) of the patients were male and 37 
(37%) were female (Table 1). 

Image quality

A comparison of the TNE and VNE im-
age quality revealed statistically significant 
variations (P < 0.001). In terms of the over-
all image quality, noise, and sharpness, TNE 
images outperformed VNE images, whereas 
VNE images exceeded TNE images in terms 
of artefact elimination. Interrater agreement 
was substantial for the aforementioned cat-
egories (k: 0.63–0.75) (Figure 3) (Tables 2, 3).

Diagnostic performance

Both non-enhanced series had excellent 
diagnostic confidence, with TNE images in-
dicating statistically significant superiority 
(P = 0.030). Significant interrater agreement 
was observed (k: 0.79, P = 0.006) (Tables 4, 5). 
In total, 33% of the enrolled individuals had 
adverse events that were recognized using 
both TNE and VNE images. All AE cases were 
detected (no false positives or negatives), re-
sulting in a sensitivity and specificity of 100% 
(95% CI sensitivity: 91.3%–100%; 95% CI 
specificity: 95.3%–100%). Perfect agreement 
existed between the researchers regarding 
the detection of AE (k: 1, P = 0.001).

The ROIs positioned in the solid portions 
of the lesions had a substantially higher 
mean HU values for TNE than VNE images (P 
= 0.03), and the measurement error was 21.1 
± 10.30 (45.3 ± 11.8 vs. 61.7 ± 10.4 HU).

Radiation dose

Biphasic dual-energy CT with VNE images 
had a mean DLP of 1613.8 ± 421.7 mGy cm, 

Table 1. Characteristics of the study population

Characteristic Value

Number of patients 100

Distribution of the lesions 30 alveolar echinococcosis, 70 other solid liver masses

Mean age 56.23 ± 11.72 years

Number of males and females M: 63 (63%), F: 37 (37%)

M, male; F, female.

Table 2. Median quality parameters

Image quality parameters Median score P value

TNE
n = 100

VNE
n = 100

Overall image quality 4 (1–5) 3 (1–4) 0.001

Noise 4 (1–5) 2 (1–5) 0.001

Sharpness 4 (1–5) 2 (2–5) 0.001

Artefact elimination 2 (2–5) 4 (1–4) 0.001

TNE, true non-enhanced; VNE, virtual non-enhanced.

Table 3. Interobserver reliability data for quality parameters

Image quality parameters Kappa value (k) P value

Overall image quality 0.63 0.004

Noise 0.69 0.010

Sharpness 0.75 0.020

Artefact elimination 0.71 0.008
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indicating a significant reduction in radiation 
exposure in comparison with standard tri-
phasic CT, where the DLP was 1,985.3 ± 343 
mGy cm (P < 0.001).

Discussion
The objective of this investigation was 

to compare VNE DECT reconstruction with 
actual non-enhanced CT scans for the diag-
nosis of hepatic AE. The authors demonstrat-
ed that VNE images can be used effectively 
in place of TNE images to diagnose hepatic 
AE. Additionally, using VNE images reduces 
exposure to ionizing radiation.

Despite a considerable drop in noise, 
sharpness, and image quality in VNE, this 
study revealed that both non-enhancedscans 
detect liver AE comparably. The authors were 
able to demonstrate that compared with TNE 
images, VNE images significantly reduced ar-
tefacts.

As a result of these findings, the authors 
believe that the genuine non-enhanced 
phase can be substituted with VNE images, 

which enables a substantial reduction in 
radiation dose. If an elimination can be suc-
ceeded in artefacts of VNE images, this meth-
od may provide even more information than 
TNE images. Although VNE attenuation is be-
lieved to be comparable with that of TNE im-
ages, the literature has already showed dis-
crepancies between 5 and 15 HU.10-12 Toepker 
et al.13 found a mean difference of -3.6 ± 8.3 
HU between the non-enhanced and en-
hanced datasets. Consequently, comparable 
attenuation values are observed between 
TNE and VNE images.13 Additional studies 
demonstrated that organ-specific attenu-
ation values exist. Renal parenchyma, liver, 
and aorta all exhibited statistically significant 
variations; however, spleen and fat attenua-
tion did not.14 We believe that by achieving 
perfect interrater agreement between VNE 
and TNE images, we can overcome the lim-
itations imposed by HU differences.

Sun et al.15 examined dual-source DECT 
versus TNE images in 112 suspected gastro-
intestinal bleeding cases and stated that VNE 
had lower image quality and noise levels 

than TNE. These results contradict those of 
this study, which demonstrated a significant 
change in the image quality and an increase 
in noise levels in VNE images.15 Nonetheless, 
the findings were consistent regarding the 
use of VNE images.

Overall, CT was commonly emphasized as 
the best imaging modality to diagnose he-
patic AE, as it enables anatomic and morpho-
logic characterization of lesions and provides 
the most accurate representation of the cal-
cification pattern. Along with the calcifica-
tion pattern, enhancement characteristics 
are critical, particularly when differentiating 
tumoral lesions. After administration of an 
intravenous contrast medium, no significant 
enhancement was observed within the he-
patic AE lesion; however, the fibroinflamma-
tory component surrounding the parasitic 
tissue may have been slightly enhanced in 
the delayed phase.3,16 The primary issue with 
CT examinations in clinical practice, particu-
larly triphasic CT examinations, is the expo-
sure to high doses of radiation.8,16

Although the role of DECT in liver AE has 
been studied recently, previous research has 
focused on the perfusion characteristics of 
hepatic AE lesions, the use of perfusion dif-
ferences to differentiate AE from hepatic 
malignancies, the role of perfusion imaging 
in monitoring treatment response, and the 
presence of periparasitic granulomatous tis-
sue as increased prefusion.16,17 There are no 
prior studies that the authors are aware of 
that examines the diagnostic success of VNE 
images in the diagnosis of liver AE.

Other abdominal pathologies have been 
studied to determine the diagnostic success 
of VNE imaging. When comparing the detec-
tion rates of diseases in VNE and TNE images 
in 15 patients with “acute abdominal pain”, 
Im et al.18 discovered that the detection rates 
and visual quality of the unmodified photo-
graphs were practically comparable. Flors et 
al.19 observed equivalent results while evalu-
ating the presence of endoleak in 48 patients 
following endovascular aortic repair (EVAR). 
By comparing a standard triphasic proce-
dure with actual non-enhanced images and 
a monophasic and biphasic protocol to VNE 
images, they concluded that VNE images 
plus a delayed phase can be employed in 
place of the usual triphasic protocol for post-
EVAR CT examinations.19

This study is not without limitations. First, 
the retrospective nature of the study may 
have introduced a selection bias. However, 
the study included randomly selected pa-
tients to ensure a representative sample. Sec-

Figure 3. Subjective image analysis and diagnostic confidence as rated by the primary reader for TNE and 
VNE. The data are expressed as the mean (range). IQ, image quality; TNE, true non-enhanced; VNE, virtual 
non-enhanced.

Table 4. Diagnostic performance of both methods

Diagnostic performance Median score P value

TNE
n = 100

VNE
n = 100

Diagnostic confidence according to presence of 
calcification 5 (3–5) 4 (2–5) 0.030

TNE, true non-enhanced; VNE, virtual non-enhanced.

Table 5. Interobserver reliability for diagnostic performance of the methods

Diagnostic performance Kappa value (k) P value

Diagnostic confidence according to presence of 
calcification 0.79 0.006
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ond, due to the transferable clinical setting, 
image quality was only subjectively assessed. 
Third, the authors simulated non-enhanced 
images using a single piece of software with-
out comparing it with other pieces of soft-
ware. As a result, more advanced software 
may exist. As in previous studies, VNE images 
had lower HU values than TNE images. When 
compared with enhanced images, it is possi-
ble that this situation will be misinterpreted 
as contrast enhancement. However, because 
this HU change occurs in normal liver paren-
chyma as well, comparing the HU values of 
normal parenchyma and the lesion together 
will resolve the previously mentioned poten-
tial confusion. To confirm these preliminary 
results, a larger cohort or external cross-val-
idation is required.

In conclusion, the findings show that VNE 
images produce equal diagnostic confidence 
and perfect agreement with TNE images for 
assessing liver AE. This implies that VNE im-
ages could replace TNE images, resulting in 
a significant reduction in the radiation dose.
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