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Image Quality and Radiation Dose of Portal Venous Imaging 
by Dual-Source Computed Tomography Single Energy 

Technology 

INTRODUCTION 

The hepatic portal vein is mostly made up of the 
confluence of the superior mesenteric vein and  
splenic vein behind the pancreatic neck, which are 
divided into left and right branches at the hepatic 
hilum, entering the left and right lobes of the liver 
respectively (1). Portal venous system thrombotic  
disease is a common complication in liver cirrhosis 
cases, with a prevalence in patients with acutely           
decompensated liver cirrhosis and chronic liver          
disease (2, 3). The symptoms of patients with portal 
vein disorders vary from mild cases with no obvious 
symptoms or accompanied by abdominal pain to  
severe cases with prehepatic portal hypertension, 
aggravated esophageal and gastric varices, and             
progression of hematemesis, melena, ascites, and 
even liver failure (4). When it combines with superior 
mesenteric vein thrombosis, it may cause intestinal 
necrosis or even septic shock (5). Thus, differentiating 
the severity of portal vein disease is indispensable for 
the overall treatment, staging, and prognosis of              
patients with liver disease. 

Computed tomography (CT) possesses a               
momentous role in the diagnosis of multifarious            
diseases (6, 7). Dual-source CT (DSCT) has two kinds of 
independent tube-detector systems, which can            

simultaneously obtain the data of materials under 
different X-ray energy (8). The materials can be             
identified according to the different X-ray attenuation 
values of different materials at high and low energies 
(9). DSCT, as one of the conventional imaging                
examinations, showing irreplaceable value in the  
clinical diagnosis and treatment of vascular related 
diseases (10, 11). With the development of dual-energy 
research and its post-processing technology, virtual 
monoenergetic imaging (VMI) is becoming increasing 
important (12). VMI can be used to image an object by 
calculating the attenuation value of the X-ray of the 
object in a virtual single-level state of the data set 
generated by X-ray scanning of the object at high and 
low energy levels. After VMI reconstruction, a series 
of monochromatic images with high contrast and low 
noise can be obtained, and the lesions can be                   
displayed well (13). The monoenergetic plus (MEI+) 
processing technique utilized by Siemens for the           
second generation of Monoenergetic images                  
overcomes the limitation of the nonlinear noise curve 
dependence of the first-generation algorithm and 
improves the image sharpness. Previous                           
investigation reports that the combination of low 
kiloelectron volt (keV) MEI+ and iodine maps                    
improves the image quality and diagnostic efficacy of 
pancreatic ductal adenocarcinoma (14). Therefore, this 
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Background: The design of this work was to explore the feasibility of optimizing 
computed tomography (CT) portal vein image quality and radiation dose by virtual 
single-energy imaging technology. Materials and Methods: Nighty-two patients who 
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6.12 ± 1.30 CTDIvol (mGy) and the radiation dose length product (DLP) was 304.3 ± 
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report focuses on this technique in detecting portal 
vein. 

In this study, 92 patients in clinical practice were 
retrospectively selected for DSCT examination, and 
40 keV to 100 keV single-energy images of portal 
veins were obtained. The differences in overall               
development quality, radiation dose, and image noise 
were examined, and the optimal CT image scanning 
and reconstruction scheme was explored to provide a 
theoretical basis and operational experience for             
clinical application of MEI+. This investigation may 
offer an idea on the investigation of CT image scan, 
and further provided effective imaging strategy for 
portal vein. 

 
 

MATERIALS AND METHODS 
 

Participants recruitment 
Patients with no contraindications from Beijing 

Shijitan HospitalHospital between September 2021 
and August 2022 were enrolled for liver CT detection. 
Inclusion criteria were as follows: (1) No previous 
organic liver disease; (2) no history of abdominal 
trauma and operation; (3) no liver disease affecting 
hepatic feeding artery and drainage vein. Exclusion 
criteria were defined: (1) hyperthyroidism; (2)               
patients with iodine contrast allergy; (3) non-adult 
patients under 18 years of age; (4) other diseases 
affecting blood circulation. 92 cases were eventually 
intaken in the study, age ranged from 33-80 years 
old. The average age was 62.12±11.30 years old and 
the BMI was 23.33±4.09 kg/m2. 38 females and 54 
males constituted the group. This study was granted 
by the Beijing Shijitan HospitalHospital ethics        
committee (approval number: 2020015, 7 April 
2020). 

 

Scanning equipment and plans 
The scanning equipment was the third generation 

of DSCT (SOMATOM Force, Siemens Healthcare, 
Forchheim, Germany). Twenty to thirty minutes              
before the examination, 500 to 1000 ml of clear water 
was administered and used as a negative control. At 
the same time, the case should be trained in                    
breathing, and the abdominal belt should be               
pressurized when necessary to control the artifacts 
caused by breathing movement to the greatest extent. 

During the routine plain scan, the supine position 
was applied, ranging from the septum to  liver. The 
condition of scanning was 90 kV (A ball) and Sn150 
kV (B ball), and 224 mAs and 140 mAs for tube                
current. The speed was 0.5 s, collimation was set to 3 
× 128 × 0.6 mm and the pitch was 1.0. The contrast 
agent was heated to 37°C. Double-barreled                      
high-pressure syringe (Medrad, Bayer, Leverkusen, 
Germany) was selected to inject 80-100 ml of               
iomeprol contrast medium (350 mg/ml, Bracco, Italy) 
through the left elbow vein at a rate of 5 ml/s. After 
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injection, 20 ml of normal saline (0.9%) was injected 
to ensure adequate application of the contrast agent, 
and the inject rate was same to iomeprol contrast 
medium. The uppermost abdominal aorta was 
scanned using the bolus tracking technique, and the 
threshold was set to 150 hounsfied unit (HU).               
Dual-energy scanning was triggered in the arterial 
phase, and then in the portal venous phase after 30 
seconds. 

 

Post-scan processing 
The scan data is achieved via a Syngovia post-

processing workstation (Siemens Healthcare,               
Erlangen, Germany). First, the linear fusion images 
with a coefficient of 0.6 were automatically                     
generated. And then the MEI+ algorithm was used to 
reconstruct the virtual single-energy images of the 
portal vein at 40-100 keV with an interval of 10 keV 
and eight different groups of images with 1 mm  
thicknesses were obtained. 

 

Image quality evaluation 
A double-blind assessment of image quality was 

performed by two radiologists experienced in               
coronary CT diagnosis. All images were displayed 
under the optimal window width and window level. 
The stent structure was displayed using a 5-point 
scale. 5 points: the shape of portal vein is clear, and 
there is no obvious image noise, showing 4 branches; 
4 points: the shape and details of portal vein are             
relatively clear, and the image quality is good,                
showing 3 branches; 3 points: the image quality is 
medium, there is image noise, and secondary             
branches can be seen; 2 points: the picture quality is 
weak, the first-order branch can be seen, and the  
image noise is obvious; 1 point: has awful image  
quality, and only the portal vein trunk is displayed 
(15). 

A region of interest (ROI) area of 30 mm2 was  
delineated. The CT attenuation values measured in 
Hounsfield units (HU) of the horizontal main portal 
vein trunk at the porta hepatis were interpreted as 
the signal intensity. The objective image noise was 
the standard deviation (SD) of liver parenchyma. The 
final value was taken by calculating the average of 
three times of measurement. The contrast-to-noise 
ratio (CNR) and signal-to-noise ratio (SNR) of portal 
vein trunk were computed: CNR = (mean signal            
intensity of portal vein –mean signal intensity noise)/
image noise, SNR = mean signal intensity y of portal 
vein /image noise. 

 

Radiation dosage 
The radiation dose-length product (DLP), volume 

CT dose index (CDTIvol), and scan length (cm) were 
recorded in detail for each participant. Then,              
according to the average coefficient published by the 
European Commission in 2004, the effective dose 
(ED) was computed by the following formula:             
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ED = 0.0015*DLP (16).  
 

Statistical analysis 
Data processing and calculation were performed 

on statistical package for the Social Sciences (SPSS) 
21.0 software package (IBM SPSS; IBM Co, Armonk, 
NY, USA). The mean value and SD were calculated for 
measurement data, which were compared using t-test 
method. P < 0.05 indicated that the difference was 
statistically significant. 

 
 

RESULTS 
 

Comparison of subjective image quality 
The image quality evaluated by two physicians 

were demonstrated in figure 1. The image quality 
from the 40 keV groups to 100 keV was gradually 
declined. The average image quality grade of 40 keV 
was 4.86±0.15, of 50 keV was 4.53±0.33, of 60 keV 
was 4.30±0.29, and of 70 keV was 3.99±0.38. The 
score of M_0.6 group was 3.72±0.50. The quality 
scores of the 40 keV group to 70 keV group were  
elevated compared with the M_0.6 group (P<0.001, 
figure 1). The quality of 80 keV to 100 keV declined, 
which was statistically different from the M_0.6 group 
(P<0.01, figure 1). 

 

 
An objective analysis of image quality 

The attenuation values of portal vein, background 
image noise, CNR, and SNR were plotted in figure 2 
and their mean data summarized in table 1. All these 
parameters reflected the objective image quality. As 
shown in Figure 2A, the signal gradually decreased 
with the increase of keV values. The CT values of 40 
keV to 60 keV were elevated compared to the M_0.6 
group, while the signal data of 80 keV to 100 keV 
were decreased (P<0.001, figure 2A). The CT value of 
M_0.6 group was 205.4±30.91 HU, the highest value 
was 581.4±107.5 HU in the 40 keV group, and the 
lowest value was 113.8 ± 13.45 HU in the 100 keV 
group (table 1). The SD values were increased in the 
40 keV to 60 keV groups, which was shown in figure 
2B (P<0.001). 

The CNR of 40 keV to 60 keV Mono+reconstructed 
images was higher than that of M_0.6 image (P<0.001, 
figure 2C). The CNR value increased continuously 
with the decrease of keV, and it reached its peak at 40 
keV, which was 6.87±2.86 (table 1). The SNR values 

elevated in the 40 keV to 60 keV groups, while they 
declined in the 90 keV to 100 keV groups (figure 2D, 
P<0.001). The SNR value in the M_0.6 fusion image 
was 11.83±2.60, and in the 40 keV image was 
13.78±3.08 (table 1). 

Radiation dose 
The dose received by the patient is mainly              

represented by CTDIvol and DLP. The CTDIvol was 
6.12 ± 1.30 mGy and the DLP was 304.3 ± 87.67 
mGy.cm, respectively. The ED value was 4.53 ± 1.24 
mSV. 

 
 

DISCUSSION 
 

The portal vein is anatomically made up of the 
confluence of the superior mesenteric vein and the 
splenic vein (17). It receives blood from the               
gastrointestinal tract and the spleen and serves as a 
bridge between the gastrointestinal tract and the  
liver (18). The pathological changes in the portal vein 
system have a great impact on the human body. Due 
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Figure 1. The image 
quality score was         
declined with the           
increase of keV          

values. **P < 0.01, 
***P < 0.001. Error 
bars mean standard 

deviation (SD). 

keV M_6 40 50 60 70 80 90 100 

Portal vein 
(HU) 

205.4 
± 

30.91 

581.4 
± 

107.5 

419.5 
± 

72.42 

289.9 
± 

56.18 

212.3 
± 

37.56 

152.2 
± 

24.82 

142.6 
± 

20.20 

113.8 
± 

13.45 

SD of liver 
parenchyma 

17.62 
± 

3.61 

45.61 
± 

9.68 

32.40 
± 

7.49 

21.17 
± 

7.84 

18.11 
± 

3.44 

16.15 
± 

3.56 

15.93 
± 

3.24 

16.47 
± 

34.58 

CNR 
4.16 

± 
1.99 

6.87 
± 

2.86 

5.76 
± 

3.40 

5.31 
± 

2.60 

4.29 
± 

1.98 

3.66 
± 

2.06 

2.59 
± 

1.08 

1.78  
±  

1.10 

SNR 
11.83 

± 
2.60 

13.78 
± 

3.08 

12.86 
± 

3.42 

12.19 
± 

3.77 

11.54 
± 

3.04 

10.10 
± 

3.37 

9.02 
± 

2.82 

7.52  
±  

2.60 

Table 1. Information of image quality of portal vein. 

Note: HU: hounsfied unit, SD: standard deviation, CNR: contrast-to-
noise ratio, SNR: signal-to-noise ratio. The values were presented as 
mean ± standard deviation (SD). 

A B 

C D  

Figure 2. The objective image quality of M_0.6 model and 
different keV models. (A) The comparison on attenuation  
values between M_0.6 group and other series groups of  

different keV values. (B) The SD values of liver parenchyma. 
(C) The discrepancy of CNR. (D) The values of CNR. **P < 0.01, 

***P < 0.001. Error bars mean standard deviation (SD). 
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to the particularity of anatomy and function, the          
portal vein system is the spreading path of infection 
and a variety of tumors (19, 20). At the same time, the 
portal vein can also be affected by pathological 
changes in the liver. Portal hypertension can lead to 
esophagogastric varices or even rupture, resulting in 
severe complications such as massive                           
gastrointestinal bleeding and hepatic encephalopathy 
(21). 

Spectral CT is obtained by setting high-energy and 
low-energy X-rays, which can distinguish different 
kinds of tissues in the body according to attenuation 
characteristics and produce mono-energy X-ray          
images (22). Dual-energy CT can calculate                    
monoenergetic images at any X-ray energy level by 
using the principle of material separation, so as to 
realize monoenergetic imaging (23). A monoenergetic 
spectral image is the attenuation image obtained  
after an X-ray at a certain energy level passes 
through the material [24]. For the monoenergetic 
spectral image at a certain energy level, the                   
attenuation coefficient of the material depends on its 
density, which ensures the constant attenuation   
coefficient of the same material, can avoid the volume 
effect and hardening effect, and select the best energy 
value of the output image (25). In this paper, the value 
of MEI+ technique in improving image quality and 
reducing radiation dose was evaluated. The 40 keV 
groups had the highest CNR and SNR values in the 
four groups of images, followed by the corresponding 
values of the 40 keV group. The subjective image 
quality score of 40 keV group was the highest. The 
above results indicated that the low VMI+ technique 
of dual-energy scanning can significantly improve 
subjective and objective image quality. Consistently, 
a previous study has presented that DSCT values on 
VMI at 90 keV had high sensitivity and specificity in 
differentiating small intrahepatic mass-forming              
cholangiocarcinoma (IMCC) from small liver abscess 
(LA) (26). 

VMI+ technology is used to reconstruct CT images 
of tumors or cardiothoracic vascular diseases,          
including coronary plaque, coronary stent, papillary 
thyroid carcinoma, and pulmonary embolism (27, 28). 
The CNR value and image quality were improved in 
detecting pancreatic cancer (29). Martin et al. apply 
the dual-energy CT on patients with portal vein 
thrombosis and report that the CNR was the highest 
in 40 keV of other reconstruction images (30). We  
estimated the image quality of portal vein images 
reconstructed by MEI+ algorithm under different 
energy levels in this study. Different from the                  
previous study, we reconstructed the images every 
ten keV from 40 keV to 100 keV. In the current study, 
subjective image evaluation also showed that the 40 
keV image was significantly superior to M_0.6             
reconstructed image in the portal vein, and was the 
highest among all groups. The SNR and CNR are          
crucial items in estimating the objective image               

quality (31, 32). Our results showed that the CT values of 
portal vein in 40 keV MEI+ reconstructed images and 
their differences were significantly higher in all 
groups, and CNR and SNR were elevated compared 
with those reconstructed by linear fusion M_0.6,             
respectively. Besides, the radiation dose of this            
detection method was displayed in this research. The 
average of ED value was 4.53±1.25 mSV. 

The present results determined that the MEI+ low-
keV image could improve the image quality of portal 
vein. The optimal energy value of the virtual single 
energy reconstruction image in the portal vein phase 
of the DSCT scan was 40 keV, and 70 keV was the 
closest to the fusion reconstruction image. The           
prospective study of using this technique is worth 
further discussion. 
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