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Abstract 
 

Background: 

Staging of liver fibrosis traditionally relied on liver histology, however transient 

elastography (TE) and more recently two-dimensional shear wave elastography (2D-

SWE) evolved to non-invasive alternatives. Hence, we evaluated the diagnostic 

accuracy of 2D-SWE assessed by the Canon Aplio i800 ultrasound system using liver 

biopsy as reference and compared the performance to TE. 

Methods: 

In total, 108 adult patients with chronic liver disease undergoing liver biopsy, 2D-SWE 

and TE were enrolled prospectively at the University Hospital Zurich. Diagnostic 

accuracies were evaluated using the area under the receiver operating characteristic 

(AUROC) analysis, and optimal cutoff values by Youden’s index  

Results: 

Diagnostic accuracy of 2D-SWE was good for significant (≥F2; AUROC 85.2%, 95% 

confidence interval (95%CI):76.2-91.2%) as well as severe fibrosis (≥F3; AUROC 

86.8%, 95%CI:78.1-92.4%) and excellent for cirrhosis (AUROC 95.6%, 95%CI:89.9-

98.1%), compared to histology. TE performed equally well (significant fibrosis: 87.5%, 

95%CI:77.7-93.3%; severe fibrosis: 89.7%, 95%CI:82.0-94.3%; cirrhosis: 96%, 

95%CI:90.4-98.4%), and accuracy was not statistically different to 2D-SWE. 2D-SWE 

optimal cutoff values were 6.5, 9.8 and 13.1 kPa for significant fibrosis, severe fibrosis, 

and cirrhosis, respectively. 

Conclusions: 

Performance of 2D-SWE was good to excellent and well comparable with TE, 

supporting the application of this 2D-SWE system in the diagnostic workup of chronic 

liver disease.  
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Introduction 

Chronic liver diseases account for approximately two million deaths per year 

worldwide, mostly due to complications of cirrhosis, viral hepatitis, and hepatocellular 

carcinoma 1. The burden of liver disease is increasing with most common underlying 

etiologies being excessive alcohol consumption, non-alcoholic fatty liver disease 

(NAFLD) and viral hepatitis B (HBV) or C (HCV) infection 2,3. Chronic liver diseases 

cause an inflammatory process resulting in the development of liver fibrosis which may 

progress to liver cirrhosis which is associated with complications of portal 

hypertension, hepatocellular carcinoma, increased morbidity and mortality 4,5. The 

process of fibrogenesis is dynamic and therapeutic decisions, as well as prognosis 

depend on the actual fibrosis stage, which emphasizes the need for repetitive staging 

of liver fibrosis 6-9. For many years, liver histology has been the gold standard for 

staging of liver fibrosis. However it is costly, invasive and its universal application is 

not feasible considering the large amount of patients with chronic liver disease 

requiring repeated assessment of liver fibrosis 7,10. To overcome these limitations, non-

invasive methods including serum-based tests and tools for liver stiffness 

measurement (LSM) have been developed for the staging of liver fibrosis 11-13. 

Ultrasound-based methods for assessment of liver stiffness are the most extensively 

studied non-invasive procedures. Among those, the most frequently evaluated 

technique is transient elastography (TE) which has shown good to excellent diagnostic 

accuracy for staging liver fibrosis compared to liver histology in numerous studies and 

for different underlying etiologies of liver disease 14-18. However, there are some 

disadvantages related to the application of TE given that patients with ascites cannot 

be examined and during a measurement no specific region of interest (ROI) can be 

selected 7. Furthermore, due to the need of a specific device for TE-measurements the 
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resulting acquisition cost may limit its utilization to high volume and tertiary care 

centers 7,19. 

In recent years, a new ultrasound-based technique, the two-dimensional shear wave 

elastography (2D-SWE) has been introduced, which promises to resolve some of the 

limitations of TE. 2D-SWE is implemented in a standard ultrasound system and 

showed good diagnostic accuracy for staging liver fibrosis in different studies 7,11,18. 

Several technical approaches for 2D-SWE on various ultrasound systems are currently 

available and cutoff values for fibrosis stages cannot be interchanged between 

different systems 11,13. Therefore, all of these techniques have to be validated for 

accuracy in different patient cohorts with chronic liver diseases, before utilization in 

clinical practice can be recommended. The Canon Aplio i800 system is a recently 

developed 2D-SWE system using a propagation map, which allows precise placement 

of a ROI for detection of liver stiffness, however data on the diagnostic performance is 

limited.  

Therefore, we aimed to investigate the diagnostic accuracy of 2D-SWE using the 

Canon Aplio i800 system in relation to the current gold standard of histopathological 

staging of liver fibrosis, determine cutoff values for different fibrosis stages and 

compare its diagnostic accuracy to TE. 
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Patients and methods 

Patients 

This prospective cohort study was performed at the Department of Gastroenterology 

and Hepatology, University Hospital Zurich, Zurich, Switzerland. From January 2018 

through July 2020, consecutive adult patients with chronic liver disease of different 

etiologies scheduled for liver biopsy were included. Exclusion criteria were acute liver 

disease, such as acute alcoholic or viral hepatitis, and patients with ascites. Upon 

written informed consent, we performed LSM by means of TE and 2D-SWE prior to 

liver biopsy. LSM was performed by specifically trained and experienced physicians. 

In most cases the stiffness measurements obtained from 2D-SWE and TE were 

performed on the same day prior liver biopsy. In few exceptions, only 2D-SWE was 

performed directly before liver biopsy and respective TE measurements were used 

from a previous visit no longer than six months ago. In addition to the patients 

undergoing a liver biopsy, some patients with liver cirrhosis as diagnosed clinically and 

by imaging studies were included in the group of cirrhotic patients (F4).  

Furthermore, we recorded clinical parameters and demographic data (sex, age, body 

mass index (BMI), history of diabetes and smoking). The following biochemical 

parameters were included whenever available: serum gamma-glutamyltranspeptidase 

(GGT), aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline 

phosphatase (ALP), albumin, total bilirubin levels, creatinine, platelet count and the 

international normalized ratio (INR). 

The study was approved by the local ethics committee (Kantonale Ethikkommission 

Zürich, KEK-ZH-Nr. 2013-0024) and the study protocol conforms to the ethical 

guidelines of the 1975 Declaration of Helsinki. 
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Liver biopsy and histological examination 

For all liver biopsies, we used a Biopince™ Needle 16G (Argon Medical, Texas, TX) 

20. Patients were placed in supine position, close and parallel to the edge of the bed, 

with the patient’s right arm behind the head. Experienced examiners used an 

ultrasound-assisted approach for the liver biopsy. A diagnostic ultrasound was 

performed immediately before the biopsy to identify the optimal biopsy site, distant to 

any large hepatic vessels or biliary ducts 21. 

The liver biopsy specimen was fixed in formalin and embedded in paraffin. All biopsy 

specimens were stained with hematoxylin-eosin and Sirius red. The histological slides 

were then analyzed by specialized hepatopathologists blinded to the non-invasive 

LSM. The liver biopsies were graded and staged histologically using METAVIR 22,23, 

NAFLD Activity Score (NAS) 24 or Batts-Ludwig score 23,25 as appropriate. After 

assessment of liver fibrosis stage and inflammatory activity, the results were 

standardized according to a harmonized scale (staging: F0-F1-F2-F3-F4, grading: A0, 

A1, A2, A3) 26, to have the opportunity to compare the aetiologically different cases. 

This histopathological staging of liver fibrosis was used as the reference method. 

 

Two-dimensional shear wave elastography 

For 2D-SWE measurements, we used the Aplioi800 ultrasound system (Canon 

Medical System, Japan) with a convex broadband probe. All patients were placed in a 

supine position with the right arm behind the head and the measurements taken at the 

right liver lobe through the intercostal space 11. All patients had fasted for at least six 

hours. 2D-SWE is a real-time ultrasound method whose technical principle is based 

on acoustic radiation force impulse imaging (ARFI). The shear wave propagation is 

measured in a user-defined visualized and color-coded shear wave box, which 

superimposes an ultrasound B-mode picture (Figure 1). Within the box, a circular ROI 
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of 10 mm diameter was placed in a vascular free area with parallel lines in the 

propagation map one to five centimeter below the liver capsule 27,28. The acquisitions 

were performed during breath hold. Following the manufacturer´s technical guidelines 

and the recommendations by the European Federation for Ultrasound in Medicine and 

Biology (EFSUMB) 11 and the European Association for the Study of the Liver (EASL) 

7, all measurements were obtained by trained examiners with extensive experience in 

ultrasound and blinded to the histopathological results. The median value (Med) of five 

to ten 2D-SWE acquisitions in kPa and the interquartile/median ratio (IQR/Med) were 

calculated for statistical analysis 7,11. 

 

Transient elastography 

TE was performed with the Fibroscan© (Echosens, Paris, France) by specifically 

trained physicians according to the EFSUMB and EASL recommendations 7,11. The 

patients were placed in a supine position with the right arm behind the head after a 

fasting period of at least six hours. The M probe (3.5 MHz, standard) was used for the 

measurements in a region in the right hepatic lobe for patients with BMI < 30 kg/m2 or 

the XL probe (2.5 MHz) for BMI ≥ 30 kg/m2 6,29,30. Reliable results were defined as ≥10 

valid measurements with a success rate ≥ 60% and an IQR/Med ≤ 30% as suggested 

by current guidelines 7,11. For each patient, the median value and the IQR/Med ratio 

were used for statistical analysis. 

 

Statistical analysis 

For descriptive analyses, mean and standard deviation (SD) were reported for 

approximately normal continuous variables, median and interquartile range (IQR) for 

skewed continuous variables and frequency and percentage for categorical variables. 
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Distributional assumptions were visually investigated by inspection of, inter alia, 

boxplots. 

The optimal cutoffs for 2D-SWE were estimated by maximizing Youden’s index 31 

weigthing the cost for false positive and false negative equally important. 

We compared the diagnostic accuracy of 2D-SWE and TE to liver histology in terms of 

area under the receiver operating characteristic (AUROC) via DeLong et al. 32, using 

the R package biostatUZH (version 1.8.0). We used the Obuchowski-measure 33 with 

proportional penalty function and weighting scheme based on the prevalence of the 

fibrosis stages in this study for the overall diagnostic accuracy comparison of 2D-SWE 

and TE to take the ordinal scale and the spectrum bias into account using the R 

package nonbinROC (version 1.0.1). Moreover, 95% logit-Wald CI for AUROC and the 

Obuchowski-measure and 95% Wald CI for the paired difference of AUROC and the 

Obuchowski-measure were calculated. The AUROC was considered as good for 

values between 80% and 90% and as excellent for values above 90% 18.  

No adjustment for multiple testing was done, also no subgroup or sensitivity analyses 

were performed. Indeterminate reference test (liver biopsy) results did not occur, 

observations with indeterminate index test (2D-SWE and TE) results were dropped. 

Due to the low number of missing values, missing data was handled with complete 

case analysis for the corresponding methods assuming data missing completely at 

random (MCAR).  

All statistical analyses were performed in R version 4.0.3 by an independent team of 

statisticians at the Institute of Epidemiology, Biostatistics and Prevention at University 

of Zurich. Results were reported according to the STARD guideline 34 and reporting 

confirms to the broad EQUATOR guidelines 35.  
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Results 

Patient cohort 

During the study period, 123 patients were initially included, thereof nine patients 

(7,3%) were excluded as these patients suffered from acute liver disease, for instance 

acute drug-induced liver injury. Of the remaining 114 patients, six had to be excluded 

because 2D-SWE acquisitions did not yield reliable results, corresponding to a failure 

rate of 2D-SWE of 5,3%. In these six patients, the acquisition of a proper propagation 

map was not achieved in a sufficient number of measurements due to distortion of 

propagation lines indicating artifacts or insufficient color filling of the box. Finally, a total 

of 108 patients were analyzed. The main clinical and demographic characteristics of 

the study cohort are reported in Table 1. The most frequent etiology was non-alcoholic 

fatty liver disease/steatohepatitis (NAFLD/NASH) (47.2%). The etiologies of the 15 

patients (13.9%) in the miscellaneous group comprised idiopathic hepatopathy (six 

patients), autoimmune hepatitis (AIH, four patients), hereditary hemochromatosis 

(three patients) and chronic drug-induced liver injury (two patients). Four patients 

(3.7%) were included without any liver disease in the F0 group, as they were evaluated 

as donor for living donor liver transplantation and histopathological examination 

showed regular liver parenchyma without fibrosis. One patient with a small sized 

hemangioma and focal nodular hyperplasia not receiving a liver biopsy without any 

clinical, laboratory or imaging signs of liver injury was regarded as having a healthy 

liver and therefore was included in the F0 group. In our study population including 108 

patients, the vast majority of 100 patients (92.6%) underwent a transcutaneous liver 

biopsy, whereas seven patients were included in the F4 group based on combined 

clinical and imaging signs of liver cirrhosis and concomitant portal hypertension. The 

number of patients in the different fibrosis stages was as follows: F0 17 patients 

 13652362, ja, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.13980 by U

niversitaet B
ern, W

iley O
nline L

ibrary on [08/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



 
 

(15.7%), F1 19 patients (17.6%), F2 31 patients (28.7%), F3 26 patients (24.1%), F4 

15 patients (13.9%). 

In all but one patient 2D-SWE was performed on the same day of the liver biopsy, the 

latter with an interval of three months. Three patients (2.8%) had missing or incomplete 

TE measurements. In 25 patients (23.8%), TE was performed using the XL probe. 

 

Diagnostic accuracy of 2D-SWE and TE for staging liver fibrosis as compared to 

liver histology 

In 56 patients (52%), 10 measurements of 2D-SWE were performed, in the remaining 

patients at least five acquisitions. In 105 patients (97%), the IQR/median ratio was ≤ 

0.3, while the IQR/median ratio was slightly above 0.3 in three patients, however these 

measurements were deemed reliable due to a proper propagation map. The median 

values of liver stiffness according to fibrosis stages for 2D-SWE and TE are presented 

in Supplementary Table 1. Individual patients’ data and a boxplot of 2D-SWE are 

shown for the different fibrosis stages in Figure 2. 

The optimal 2D-SWE cutoffs by maximizing Youden’s index are shown in Table 2. 

Detailed statistical measures of accuracy and prevalence are given in Supplementary 

Table 2. Cross tabulations of 2D-SWE and TE by the results of the reference test liver 

biopsy for each fibrosis stage are shown in Supplementary Table 3 and Supplementary 

Table 5.  

The diagnostic accuracy of 2D-SWE for staging liver fibrosis was good for 

discriminating “F0-F1 vs F2-F4” and “F0-F2 vs F3-F4”, and was excellent for 

discriminating “F0-F3 vs F4”, as compared to liver histology. The diagnostic accuracy 

for TE vs. liver histology showed comparable results (Figure 3A-C; Table 3). Due to a 

large overlap of liver stiffness values for the groups F0 and F1 detected by 2D-SWE 

as well as TE, these two groups cannot be distinguished by either method. Accuracy 
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measures for “F0 vs F1-F4” are given in Supplementary Table 2 and cross tabulations 

are shown in Supplementary Table 3.  

 

Comparison of the diagnostic accuracy of 2D-SWE and TE 

The diagnostic accuracy of 2D-SWE and TE for staging liver fibrosis was compared in 

all 105 patients with available data for both methods. There was no statistical evidence 

for a difference between these two non-invasive techniques in discriminating “F0-F1 

vs F2-F4”, “F0-F2 vs F3-F4”, and “F0-F3 vs F4”, as compared to liver histology as the 

reference respectively, as presented in detail in Table 3. In addition, there was also no 

evidence for an overall difference between the diagnostic accuracy of 2D-SWE and TE 

using the Obuchowski-measure (Supplementary Table 4). 
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Discussion 

The presented study is the first evaluating the Canon Aplio i800 2D-SWE system with 

liver biopsy as the reference standard including a direct comparison with TE. In our 

prospective cohort of 108 patients with chronic liver diseases, we observed a good to 

excellent diagnostic accuracy of 2D-SWE compared to liver histology, which was 

similar to TE. In addition, we derived cutoff values across all fibrosis stages. 

The diagnostic accuracy of the 2D-SWE was good for diagnosing significant fibrosis 

(F2-F4; AUROC 85.2%), as well as severe fibrosis (F3-F4, AUROC 86.8%), and 

excellent for detecting cirrhosis (F4, AUROC 95.6%), as compared to liver histology.  

The derived 2D-SWE cutoff from our cohort for classifying significant fibrosis was 6.5 

kPa, for severe fibrosis 9.8 kPa and for cirrhosis 13.1 kPa, respectively. These results 

are similar to a large retrospective individual patient data based meta-analysis by 

Herrmann et al. using liver biopsy as a reference, which estimated AUROC of 86%, 

91%, and 93% for the diagnosis of significant fibrosis, severe fibrosis, and liver 

cirrhosis, respectively, across all liver disease etiologies 18. However, this study was 

performed on a different 2D-SWE device based on supersonic shear imaging 

(Aixplorer), the most frequently studied 2D-SWE technique. There are also some 

recently reported studies applying the Canon Aplio i800 2D-SWE system. In the single-

center study by Ferraioli et al. including 367 patients this 2D-SWE system was utilized, 

however the diagnostic accuracy and internally derived cutoffs for staging of fibrosis 

were derived using TE as the reference method 28. In contrast to our study, most of the 

patients had a lower stage of liver fibrosis and there was a higher proportion of chronic 

HCV infection, although NALFD/NASH was the most prevalent etiology of chronic liver 

disease in both studies. Despite differences in study designs and study populations, 

the 2D-SWE cutoff values were similar in both studies for significant fibrosis (7 kPa vs. 
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6.5 kPa) and severe fibrosis (9 kPa vs. 9.8 kPa), respectively. Since there was no 

specific cutoff value evaluated for the stage of liver cirrhosis, no comparison with our 

study results is possible. The multicenter study by Ronot et al. was also performed with 

the 2D-SWE Canon Aplio system, however a previous version (Aplio 500) was used 

and therefore cutoff values are not directly comparable with the Aplio i800 system. Of 

the 537 patients included in the study, most (89.6%) had chronic viral hepatitis as 

underlying etiology of chronic liver disease, and TE was used as reference method 36. 

The authors found a correct classification of liver fibrosis in the majority of patients. In 

a study from Korea including 114 patients undergoing liver biopsy, 2D-SWE derived 

from the Aplio i800 system showed a good diagnostic accuracy to detect higher stages 

of fibrosis 37. Compared to our study, populations differed in ethnicity, many patients 

had autoimmune hepatitis (32,4%) and the proportion of patient with higher stages of 

fibrosis (≥F3) was relatively low (21,1%). However, similar cutoff values for severe 

fibrosis (9.4kPa vs. 9.8 kPa) and cirrhosis (12.2 kPa vs. 13.1 kPa) were found. A head- 

to-head comparison of 2D-SWE with the diagnostic accuracy  of TE was not provided. 

The same group investigated this 2D-SWE system in 102 patients with 

histopathologically confirmed NAFLD/NASH and reported cutoff values for significant 

fibrosis (≥F2) of 7.6 kPa and for severe fibrosis (≥F3) of 9 kPa 37. A limitation of the 

study stated by the authors was the very low number of eight patients with advanced 

fibrosis/cirrhosis (≥F3), which hampered the derivation of cutoff values for cirrhosis. In 

our study, the relatively even distribution of fibrosis stages within the             study 

population allowed us to evaluate also cutoff levels for advanced fibrosis and cirrhosis.  

 

The Aplio i800 2D-SWE system includes a propagation map to visualize shear wave 

generation and propagation in real time to assist in selecting an optimal ROI placement 

for assessment of liver stiffness. Due to limited data, there is no general agreement on 
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objective quality criteria concerning valid 2D-SWE measurements and following 

manufactures technical guidelines is recommended. For TE, 10 valid readings and an 

IQR/median ≤ 30% need to be achieved for a reliable assessment. The number of 

required valid readings differs between studies evaluating 2D-SWE, though a minimum 

of three measurements is recommended 36. In our study, in half of the patients ten 

measurements were performed and in the remaining patients at least five acquisitions. 

In total, six patients (5.3%) had to be excluded from our study due to unreliable 2D-

SWE acquisitions. This failure rate corresponds to reported rates from other studies 

11,36,37, and demonstrates the high applicability of 2D-SWE in these patients. 

 

TE is by far the most widely studied technique for evaluation of liver stiffness and has 

been incorporated in diagnostic algorithms of different major liver diseases 7. 2D-SWE 

overcomes some of the limitations of TE with the option of selecting a precise ROI in 

a B-mode ultrasound window and the possible application in patients with ascites. 2D-

SWE exhibits the major advantage of being integrated in a standard ultrasound system 

and therefore, there is no need to purchase an additional device such as TE. In several 

individual studies, 2D-SWE has shown an equal or even higher diagnostic accuracy 

for staging liver fibrosis compared to TE. Hermann et al. described in their meta-

analysis a significantly larger AUROC for the supersonic shear imaging system 

(Aixplorer) than that of TE for diagnosing significant fibrosis and cirrhosis, respectively 

7,8,11,18,29,38. In our study, the diagnostic accuracy of staging liver fibrosis was not 

different between 2D-SWE and TE (Table 3), suggesting that the utilized 2D-SWE 

system can be applied as an alternative tool to TE for non-invasive staging of liver 

fibrosis. The cutoff values derived with 2D-SWE and TE were similar (Table 2), which 

may facilitate the implementation of this 2D-SWE technique in clinical practice.  

 

 13652362, ja, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.13980 by U

niversitaet B
ern, W

iley O
nline L

ibrary on [08/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



 
 

Next to the prospective direct comparison of 2D-SWE to TE, another strength of our 

study is the evaluation of diagnostic accuracy with histopathology as reference 

standard. Histopathological assessment of liver fibrosis has also some limitations such 

as sampling error due to the heterogenic distribution of fibrosis, costs and risk of 

complications 39. In addition, interobserver variability in biopsy interpretation has to be 

taken into account, which may be less present when specialized hepatopathologists 

assess the liver biopsy 40. Despite these limitations, it is still considered the current 

gold-standard enabling an elaborate determination of localization and amount of 

fibrosis 7. For some major chronic liver diseases specific scores are recommended for 

the histopathological staging of liver fibrosis. In our study, the METAVIR-Score was 

used for patients with chronic viral hepatitis and the NAS-Score for patients with 

NAFLD as appropriate, liver biopsies of all other patients were scored with the Batts-

Ludwig score 22-25. Finally, the results from individual scoring were standardized 

according to a harmonized in-house developed scale, which allowed a comparison 

across different etiologies. 

 

There are some limitations in this study. Due to the rather strict indication for liver 

biopsy, the sample size was not large enough to stratify for different etiologies of 

chronic liver disease, which may yield disease specific cutoffs for fibrosis stages and 

differences in diagnostic accuracies. The Fibroscan© XL probe was used in patients 

with a BMI ≥ 30 kg/m2 as formerly suggested 40, however more recent guidelines 

recommend the use in patients with a skin-to-liver capsule distance of > 25mm 11.  Also, 

the proposed 2D-SWE cutoffs for different fibrosis stages need to be externally 

validated in other cohorts. 
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In conclusion, our study showed a good to excellent performance of 2D-SWE for 

staging significant, severe fibrosis and especially cirrhosis using the recently 

developed Canon Aplio i800 system with liver histology as reference standard. 

Importantly, these results were comparable with TE, the to date most frequently used 

non-invasive technique for LSM, however, unlike the latter 2D-SWE does not require 

additional equipment. Therefore, this system can be applied for evaluation of patients 

with chronic liver disease in clinical practice as an alternative to TE. Differences in 

diagnostic accuracy and cutoffs of 2D-SWE according to different etiologies of chronic 

liver disease still have to be elucidated. 
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Figure Legends 

Figure 1: 2D-SWE in a patient with NAFLD and stage 2 fibrosis in liver biopsy. The 

split-screen image displays a color-coded 2D-SWE image (left side) and the 

propagation map (right side) overlaying the B-mode image. The ROI is placed in an 

area of parallel lines in the propagation map. 

NAFLD, non-alcoholic fatty liver disease; 2D-SWE, two-dimensional shear wave 

elastography; ROI, region of interest. 

 

Figure 2: Distribution of 2D-SWE measurements per fibrosis stage are shown in a 

box-and-whisker plot. The box represents the first and the third quartile, respectively, 

the median is depicted by the bar in the box, whiskers indicate values within 1.5 times 

the interquartile range. Each point indicates a measured median value of a patient. 

2D-SWE, two-dimensional shear wave elastography. 

 

Figure 3: Comparison of AUROC for 2D-SWE and TE for different fibrosis stages (A-

C). A: AUROC for significant fibrosis, B: AUROC for severe fibrosis, C: AUROC curve 

for cirrhosis. The optimal cutoffs are displayed together with the corresponding 

specificity and sensitivity at this point. All available measurements were used. 

AUROC, area under receiver operating characteristic; 2D-SWE, two-dimensional 

shear wave elastography; TE, transient elastography. 
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Abbreviations 

TE, transient elastography 

2D-SWE, two-dimensional shear wave elastography 

AUROC, area under the receiver operating characteristic 

95%CI, 95% confidence interval 

NAFLD, non-alcoholic fatty liver disease 

HBV, hepatitis B virus 

HCV, hepatitis C virus 

LSM, liver stiffness measurement 

ROI, region of interest 

BMI, body mass index 

GGT, gamma-glutamyltranspeptidase 

AST, aspartateaminotransferase 

ALT, alanine aminotransferase 

ALP, alkaline phosphatase 

INR, international normalized ratio 

NAS, NAFLD Activity Score 

ARFI, acoustic radiation force impulse imaging 

EFSUMB, European Federation for Ultrasound in Medicine and Biology 

EASL, European Association for the Study of the Liver 

Med, median 

IQR/Med, interquartile/median ratio 

SD, standard deviation 

IQR, interquartile range 

MCAR, missing completely at random 

NASH, non-alcoholic steatohepatitis 
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AIH, autoimmune hepatitis 
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Table 1: Demographic and clinical characteristics of the patient 

cohort 

Parameter Number 

n 108 

Sex = male (%) 69 (63.9) 

Age (range) 50 (18-81) 

BMI (range) 28.3 (17.9 – 51.2) 

Diabetes (%) 29 (26.9) 

Etiology group n (%) 

NAFLD/NASH 51 ( 47.2) 

Alcoholic liver disease 10 ( 9.3) 

HBV 16 ( 14.8) 

HCV 4 ( 3.7) 

Cholestatic hepatopathy 7 ( 6.5) 

Miscellaneus 15 ( 13.9) 

Normal Liver 5 ( 4.6) 

Histopathological data n (%) 

Fibrosis stage  

F0 16 (16) 

F1 19 (19) 

F2 31 (31) 

F3 26 (26) 

F4 8 (8) 

Standardised scale activity  
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0 23 (23.0) 

1 58 (58.0) 

2 19 (19.0) 

Laboratory parameters median [IQR] 

ALT (U/L) 56.0 [5.0, 96.0] 

AST (U/L) 40.0 [30.2, 63] 

GGT (U/L) 77.5 [35.8, 162.0] 

ALP (U/L) 75.0 [58.0, 101.0] 

Total bilirubin (µmol/L)  9.0 [7.0, 12.0] 

Albumin (g/L) 44.0 [42.8, 47.0] 

Creatinine (µmol/L) 71.5 [59.0, 85.0] 

Platelet count (G/L) 217 [177.5, 264] 

INR 1.1 [1.1, 1.1] 

 

Values are given as median and range or interquartile range (IQR). Percentage 

is given in relation to number of patients with available data on specific parameter.  

Histopathological data is given for the 100 patients who received liver biopsy, in 

addition 7 patients were included in the F4 group based on clinical and imaging 

data consistent with cirrhosis.  

Abbreviations: ALT, alanine aminotransferase; ALP, alkaline phosphatase; 

AST, aspartate aminotransferase; BMI, body mass index; GGT, gamma-

glutamyltranspeptidase; HBV, hepatitis B virus; HCV hepatitis C virus; INR, 

international normalized ratio; IQR, interquartile range;  n, numbers; NASH, 

Non-alcoholic steatohepatitis; NAFLD, Non-alcoholic fatty liver disease. 
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Table 2: Cutoff points for 2D-shear wave elastography and transient elastography for 

different fibrosis stages.  

 

Fibrosis stages Method 
Cutoff 

(kPa) 

Sensitivity 

(%) 

Specificity 

(%) 

F0-F1 vs. F2-F4 2D-SWE 6.5 76.4 86.1 

F0-F1 vs. F2-F4 TE 6.2 90.1 76.5 

F0-F2 vs. F3-F4 2D-SWE 9.9 75.6 88.1 

F0-F2 vs. F3-F4 TE 9.0 87.5 78.5 

F0-F3 vs. F4 2D-SWE 13.1 93.3 91.4 

F0-F3 vs. F4 TE 12.1 100.0 83.5 

 

The cutoffs were estimated by maximizing Youden’s Index.  

2D-SWE, two-dimensional shear wave elastography; TE, transient elastography. 
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Table 3: Diagnostic accuracy of 2D-shear wave elastography and 

transient elastography  

Fibrosis stage  AUROC (95% CI) p-value 

F0-F1 vs. F2-F4 2D-SWE 85.2 (76.2 - 91.2)  

F0-F1 vs. F2-F4 TE 87.5 (77.7 - 93.3)  

F0-F1 vs. F2-F4 Difference -2.3 (-9.5 - 5.0) 0.54 

F0-F2 vs. F3-F4 2D-SWE 86.8 (78.1 - 92.4)  

F0-F2 vs. F3-F4 TE 89.7 (82.0 - 94.3)  

F0-F2 vs. F3-F4 Difference -2.9 (-8.1 - 2.4) 0.28 

F0-F3 vs. F4 2D-SWE 95.6 (89.9 - 98.1)  

F0-F3 vs. F4 TE 96.0 (90.4 - 98.4)  

F0-F3 vs. F4 Difference -0.4 (-4.4 - 3.5) 0.83 

 

AUROC (area under the receiver operating characteristic) values including 95% confidence interval 

and estimated paired difference are given. 2D-SWE, two-dimensional shear wave elastography; TE, 

transient elastography. P-values were derived by DeLong-test. 
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