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Abstract
Purpose  The objective was to evaluate the accuracy of 2D shear wave elastography (SWE) in predicting stages of liver 
fibrosis using five individual versus grouped measurements and different reliability criteria.
Materials and methods  This is a prospective study of 109 patients who underwent hepatic 2D SWE (Canon Aplio 500) prior 
to liver biopsy for varied indications. Liver fibrosis was staged using the METAVIR scoring system (F = 0–4). Propaga-
tion mapping was used to guide ten SWE measurements from the liver parenchyma: five individual measurements and five 
grouped measurements. IQR/median, SD/median, and SD/mean were examined as quality criteria for patient inclusion at 
various thresholds (IQR/median ≤ 0.15, 0.2, 0.3, 0.4, 0.5; SD/median ≤ 0.15, 0.2, 0.3; SD/mean ≤ 0.2, 0.3, 0.5). Threshold 
for clinically significant fibrosis (F ≥ 2) was determined with receiver operating characteristic (ROC) analysis.
Results  There was high agreement between individual and grouped measurements without statistically significant differ-
ences (intraclass correlation coefficient = 0.82; p = 0.26–0.96). When no quality criterion was used (n = 103), the optimal 
threshold was 11.3 kPa [AUROC 0.78, 95% CI (0.69, 0.88)] with sensitivity and specificity of 80% and 66%, respectively. 
All quality criteria were associated with equal or higher AUROC ranging from 0.78 to 0.87. IQR/median ≤ 0.5 (n = 88) 
achieved the highest sensitivity of 85% and only excluded a small subset of patients. The AUROC and specificity were 0.83 
[95% CI (0.74, 0.92)] and 72%, respectively.
Significance  Quality criterion IQR/median ≤ 0.5 increases sensitivity and specificity in prediction of clinically significant 
liver fibrosis while excluding only a small subset of patients. Grouped measurements are comparable to individual measure-
ments and may help increase procedural efficiency.

Keywords  Two-dimensional shear wave · Elastography · Liver cirrhosis · Ultrasonography

Introduction

Chronic liver disease is a major cause of morbidity and mor-
tality in the United States [1, 2]. Accurate staging of fibro-
sis is essential for prognosis and treatment of chronic liver 
disease [3]. While liver biopsy is considered the reference 
standard in liver fibrosis assessment, it has several limita-
tions. Liver biopsy is a costly and invasive test associated 
with complications including hospitalization (3%), bleeding 
(0.6%), and death (0.1%) [3, 4]. Liver biopsy is susceptible 
to sampling error as biopsy represents only 1/50,000th of the 
liver volume [5]. Furthermore, histologic assessment of liver 
fibrosis is variable with intra- and interobserver concordance 
of 75% and 78%, respectively [3]. Therefore, accurate and 
noninvasive methods for liver fibrosis staging are of great 
clinical value.
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2D SWE is a novel SWE technique that allows real-time 
visualization of shear wave propagation. Shear waves are 
detected at multiple lateral locations to produce multiple 
shear wave speed images that are then integrated into one 
2D-SWE image. The real-time color elastogram is helpful 
for anatomic and tissue stiffness guidance. Multiple meas-
urements can be acquired from a single image over a large 
field of view. Measurement approach and reliability criteria 
for 2D SWE are not currently well defined in the literature. 
While multiple measurements can be obtained from a sin-
gle image, no study to date has compared the diagnostic 
accuracy of grouped versus individual measurements. For 
2D SWE, a minimum of three to five measurements may be 
sufficient for accurate assessment of liver fibrosis if a quality 
criterion is used [6–13]. IQR/median ≤ 0.3 has been used 
in 2D SWE studies as a reliability criterion to exclude less 
reliable measurements with high variability [10, 14]. This 
criterion was adopted from transient elastography (TE) stud-
ies, and there is limited evidence for its use in 2D SWE [7]. 
Recent studies have also used SD/median ≤ 0.10–0.30 and 
SD/mean (coefficient of variance) ≤ 0.2 as reliability criteria 
for 2D SWE [8, 15, 16]. A comparison of these reliability 
criteria would help identify the ideal measurement variabil-
ity parameter to improve diagnostic performance.

The aim of this study was to evaluate the diagnostic per-
formance of 2D SWE in predicting stages of liver fibrosis 
among different reliability criteria and using five individual 
versus grouped measurements.

Materials and methods

Study design and patient selection

This was a prospective, single-center study approved by the 
Institutional Review Board. All patients provided written 
informed consent. Patients were referred for ultrasound-
guided, nontargeted liver biopsy for known or suspected 
chronic liver disease. Patients with targeted biopsies were 
excluded from the study. For each patient, aspartate ami-
notransferase, alanine aminotransferase, and total bilirubin 
before liver biopsy were collected.

2D SWE examination

Two-dimensional SWE examinations were performed 
by one of five sonographers with an average of 19 years 
(range 12 to 27 years) of ultrasound experience. All sonog-
raphers received 2D SWE applications training and had at 
least 2 years of elastography experience prior to the start 
of the study. 2D SWE measurements were obtained using 
an Aplio 500 Platinum Series ultrasound machine and 6C1 
(PVT-375BT) curved array ultrasound transducer (Canon 

Medical Systems Corporation, formerly Toshiba Medical 
Systems Corporation). All patients fasted overnight prior 
to 2D SWE examination. Sonographers obtained all meas-
urements in accordance with the consensus statement from 
the Society of Radiologists in Ultrasound [6]. The examina-
tions were performed using right intercostal approach with 
patients in supine position and right arm raised above the 
head. Measurements were obtained from the right hepatic 
lobe during expiratory breath hold. Acquisition box size 
was 2 to 4 cm in lateral direction and 3 to 5 cm in axial 
direction. All measurements were obtained using 10-mm-
diameter circle ROIs. Circle ROIs were placed at least 1 cm 
below the liver capsule and within 5 cm of the skin surface. 
Circle ROIs were placed in areas of homogeneous portion of 
the speed image while avoiding vascular and biliary struc-
tures. Parallel propagation contours were observed in the 
region of homogenous color. A total of ten measurements 
were obtained: five measurements obtained individually (a 
single circle ROI per acquisition box) and five measurements 
obtained in groups (multiple circle ROIs per acquisition box) 
(Fig. 1). Grouped measurements were obtained in clusters of 
two to three measurements per acquisition. All ten measure-
ments were obtained from similar location in the liver. All 
elasticity measurements were expressed in kilopascals (kPa).

Liver biopsy and histologic evaluation

Same day liver biopsies were performed subsequent to 2D 
SWE evaluation. Percutaneous core liver biopsies were per-
formed using 18-gauge automated core needles. Samples 
were obtained from one to two passes through the right 
hepatic lobe in the region of 2D-SWE measurement acquisi-
tion. Tissue specimens were fixed in formalin and embedded 
in paraffin. Biopsy samples were reviewed by a pathologist 
with greater than 20 years of experience who was blinded to 
2D SWE measurements. For all samples, fibrosis was staged 
using the METAVIR system. Samples with histologic evi-
dence of nonalcoholic fatty liver disease were staged using 
both Brunt and METAVIR systems. Clinically significant 
fibrosis was defined as stage two and above.

Statistical analysis

Fibrosis stage was modeled by median elasticity (kPa) 
value by sampling approach (individual vs. grouped sam-
pling) and for each reliability criteria (IQR/median ≤ 0.15, 
0.2, 0.3, 0.4, 0.5; SD/median ≤ 0.15, 0.2, 0.3; SD/
mean ≤ 0.2, 0.3, 0.5) using generalized linear modeling, 
assuming a binomial distribution (0–4) and a binary dis-
tribution (1/0), where a METAVIR fibrosis stage ≥ 2 was 
considered 1. Modeling between METAVIR and Brunt 
was accomplished using generalized estimating equations 
(GEE) with sandwich estimation, where observations 
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were nested within patient. Diagnostic performance met-
rics include odds ratios, sensitivity, specificity, positive 
predictive value (PPV), negative predictive value (NPV), 
and area under the curve (ROC) analyses. In addition, 
Youden’s index was used to determine mathematically 
optimal thresholds. All analyses were modeled using SAS 
Software 9.4 (SAS Inc, Cary, NC) using the GLIMMIX 
and LOGISTIC procedures. Brunt and METAVIR fibro-
sis stage agreement was evaluated using weighted Kappa 
coefficient with the FREQ procedure. Alpha was estab-
lished a priori at the 0.05 level and all interval estimates 
were calculated for 95% confidence.

Results

From November 2015 to December 2017, 109 patients 
underwent liver sonography with 2D SWE prior to ran-
dom liver biopsy for various indications. Of the 109 
patients, there were six excluded patients: one by tar-
geted biopsy, two by technical failure, three by missing 
SWE measurements. Of the final 103 patients, the median 
age was 55 and range was 19–86 years old. There were 
50 males (49%) and 53 females (51%). Primary causes 
of liver disease, determined by clinical history, labora-
tory results, and/or histological findings, included viral 
hepatitis, alcoholic liver disease, nonalcoholic fatty liver 
disease, hemochromatosis, Wilson’s Disease, and autoim-
mune liver disease. Distribution of fibrosis stages was F0 
49 (47%), F1 19 (18%), F2 13 (13%), F3 11 (11%), and F4 
11 (11%). Median and mean elasticity were 11.2 kPa and 
11.6 kPa, respectively. Elasticity values ranged from 3.4 
to 50.5 kPa (Table 1).

METAVIR versus Brunt staging

Fifty-one patients had evidence of nonalcoholic fatty liver 
disease. In these patients, fibrosis was staged using both 
METAVIR and Brunt systems. There was very good agree-
ment between the two staging systems [κ = 0.85 (95% CI 
0.76, 0.97)]. Of the 51 patients, only seven patients had 
discordant fibrosis stages by the two systems. Of the seven 
patients, five were staged F0 by METAVIR and F1 by Brunt, 
one was staged F1 by METAVIR and F2 by Brunt, and one 
was staged F2 by METAVIR and F3 by Brunt (Fig. 2a). 
Likewise, similar relationships between elasticity (kPa) and 
fibrosis stage were observed for METAVIR and Brunt stag-
ing (Fig. 2b). For every 1-unit increase in median kPa, the 
odds of advancing one fibrosis stage increased 18.3% [OR 
1.18, 95% CI (0.09, 1.39), p = 0.039] using Brunt staging 
and 20% [OR 1.20, 95% CI (1.02, 1.41), p = 0.030] using 
METAVIR staging; these slopes were not found to be sta-
tistically different (interaction effect, p = 0.39). Given that 
there was no evidence these two staging systems were sig-
nificantly different, METAVIR fibrosis staging was used for 
all patients in subsequent regression analyses.

Acquisition method: individual versus grouped 
measurements

We examined the diagnostic accuracy of individual versus 
grouped measurements in predicting stages of liver fibrosis. 
There was excellent agreement between grouped and indi-
vidual measurements for both median elasticity and mean 
elasticity with intraclass correlation (ICC) of 0.82 and 0.79, 
respectively [17]. Between individual and grouped meas-
urements, there were overall similar numbers of patients 
excluded by each respective reliability criteria. Among all 

Fig. 1   A total of ten measurements were obtained from each patient: five measurements obtained individually (single ROI per acquisition) and 
five measurements obtained in groups (up to three ROIs per acquisition)
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reliability criteria groups, no statistically significant differ-
ences were observed between the diagnostic accuracy of 
individual versus grouped measurements (p = 0.26–0.96) 
(Table 2). Given the high agreement and no statistically sig-
nificant difference observed between the two measurement 
acquisition methods for predicting fibrosis stage, individual 
and grouped measurements were combined in subsequent 
reliability criteria analysis.

Reliability criteria

Various quality criteria for patient inclusion based on 
thresholds of IQR/median, SD/median, and SD/mean 
were examined (Table 3). For each reliability criterion, 
relationship between elasticity and fibrosis stage was 

analyzed using 10 measurements: five individual and five 
grouped measurements. When no reliability criterion was 
used (n = 103), the optimal threshold was 11.3 kPa with 
AUROC of 0.78 [OR 1.09, 95% CI (1.06, 1.12)] (p < 0.01) 
(Fig. 3). The sensitivity (SN) and specificity (SP) were 
80% and 66%, respectively. The positive predictive value 
(PPV) and negative predictive value (NPV) were 55% 
and 86%, respectively. All reliability criteria were asso-
ciated with equal or greater AUROC and ranged from 
0.78 to 0.87. Using IQR/median ≤ 0.3, 48 patients were 
excluded (n = 55) (Fig. 4a). The optimal threshold was 
11.5 kPa with AUROC of 0.81 [OR 1.12, 95% CI (1.06, 
1.19)] (p < 0.01) (Fig. 4b). The SN and SP were 81% 
and 74%, respectively. The PPV and NPV were 57% and 
91%, respectively. SD/median ≤ 0.15 (n = 23) achieved the 

Table 1   Patient characteristics, diagnoses, laboratory values, histologic fibrosis stages, and elasticity values

AST aspartate aminotransferase, ALT alanine aminotransferase, NAFLD nonalcoholic fatty liver disease, NASH nonalcoholic steatohepatitis, ALD 
alcoholic liver disease

Patient characteristics

n %

Sex
 Male 50 49
 Female 53 51

Median Range

Age 55 19–86
AST (U/L) 49 15–180
ALT (U/L) 60 12–262
Total bilirubin (mg/dl) 0.9 0.3–8.2

Primary diagnoses n %

NAFLD/NASH 37 36
ALD 18 17
Viral Hepatitis 16 16
Autoimmune 8 8
Hemochromatosis 5 5
Primary sclerosing cholangitis 4 4
Drug induced 2 2
Unknown 13 13

METAVIR fibrosis stage n %

F0 49 48
F1 19 18
F2 13 13
F3 11 11
F4 11 11

Elasticity kPa

Median 11.2
Mean 11.6
Range 3.4–50.5
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highest AUROC of 0.87 [OR 1.15, 95% CI (1.05, 1.27)] 
(Fig. 5a, b). The optimal threshold was 11.7 kPa. SN and 
SP were 83% and 88%, respectively. The PPV and NPV 
were 71% and 94%, respectively. Using IQR/median ≤ 0.5, 
15 patients were excluded (n = 88) (Fig. 6a). The optimal 
threshold was 11.3 kPa with AUROC of 0.83 [OR 1.10, 

95% CI (1.06, 1.14)] (Fig. 6b). The SN and SP were 85% 
and 72%, respectively. The PPV and NPV were 58% and 
92%, respectively.

Fig. 2   a The dark blue areas 
represent exact agreement 
between Brunt and METAVIR 
staging. The light blue areas 
represent partial agreement 
between Brunt and METAVIR 
staging with difference of one 
stage. There was no statisti-
cally significant difference 
between Brunt and METAVIR 
fibrosis stages. b The data are 
shown for Brunt (red circles) 
and METAVIR (blue circles) 
fibrosis staging. The red (Brunt) 
and blue (METAVIR) lines are 
predicted from data modeling 
of likelihood of fibrosis stage 
versus elasticity; 95% CIs are 
shown in shaded areas. CI 
confidence interval
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Discussion

Identifying clinically significant liver fibrosis is neces-
sary for treatment of early disease before progression to 

irreversible cirrhosis. Accurate diagnosis of clinically 
significant fibrosis using 2D SWE can reduce the number 
of invasive liver biopsies in the management of chronic 
liver disease. Several factors including patient obesity and 
operator variability may lead to unreliable measurements 

Table 2   Diagnostic accuracy of individual versus grouped measurements using different reliability criteria

OR odds ratio, ROC area under receiver operating characteristic curve, CI confidence interval, SN sensitivity, SP specificity, IQR interquartile 
range, SD standard deviation, NA not applicable

Rule Grouped Individual p

n OR 95% CI ROC Threshold SN SP n OR 95% CI Threshold ROC SN SP

None 103 1.08 1.03, 1.13 0.79 12.1 0.81 0.75 103 1.09 1.03, 1.15 12.1 0.80 0.75 0.72 0.53
SD/median
≤ 0.15 44 1.16 1.04, 1.29 0.78 11.7 0.79 0.73 66 1.62 1.06, 1.30 11.5 0.83 0.78 0.80 0.96
≤ 0.20 72 1.08 1.02, 1.15 0.76 12.4 0.74 0.76 62 1.07 0.99, 1.16 11.5 0.82 0.82 0.73 0.67
≤ 0.30 89 1.07 1.02, 1.12 0.80 12.4 0.80 0.76 88 1.10 1.02, 1.18 11.5 0.84 0.81 0.72 0.30
IQR/median
≤ 0.15 6 NA NA NA NA NA NA 8 NA NA NA NA NA NA
≤ 0.20 24 1.07 0.85, 1.34 0.64 7.4 0.99 0.35 17 1.25 0.94, 1.66 15.5 0.92 0.80 0.92 0.26
≤ 0.30 45 1.17 1.05, 1.30 0.80 11.7 0.79 0.77 43 1.19 1.08, 1.32 11.5 0.84 0.77 0.83 0.75
≤ 0.40 73 1.09 1.02, 1.15 0.75 12.4 0.73 0.77 67 1.08 1.00, 1.16 11.5 0.83 0.80 0.75 0.77
≤ 0.50 88 1.07 1.02, 1.11 0.80 12.4 0.79 0.76 89 1.09 1.02, 1.16 11.5 0.83 0.79 0.71 0.37
SD/mean (coefficient of variance)
≤ 0.20 77 1.09 1.03, 1.16 0.78 12.4 0.77 0.77 62 1.08 1.00, 1.17 11.5 0.84 0.83 0.75 0.63
≤ 0.30 92 1.07 1.02, 1.12 0.80 12.4 0.80 0.74 94 1.10 1.03, 1.17 9.7 0.82 0.91 0.57 0.34
≤ 0.50 102 1.07 1.02, 1.12 0.79 12.4 0.80 0.75 100 1.09 1.03, 1.16 12.1 0.81 0.74 0.73 0.34

Table 3   Diagnostic accuracy of 10 measurements in predicting clinically significant fibrosis using different reliability criteria

For each reliability criterion, the relationship between elasticity and fibrosis stage was analyzed using 10 measurements: five individual and five 
grouped measurements
OR odds ratio, CI confidence interval, ROC area under receiver operating characteristic curve, SN sensitivity, SP specificity, IQR interquartile 
range, SD standard deviation
*p < 0.01

Reliability criteria n OR OR 95% CI ROC ROC 95% CI Threshold Sensitivity Specificity PPV NPV

No rule 103 1.09 1.06, 1.12 0.78 0.69, 0.88 11.3 kPa 0.80 0.66 0.55 0.86
SD/median
 SD/median ≤ 0.15* 23 1.15 1.05, 1.27 0.87 0.69, 1.00 11.7 kPa 0.83 0.88 0.71 0.94
 SD/median ≤ 0.2* 51 1.14 1.07, 1.21 0.79 0.66, 0.92 11.5 kPa 0.73 0.75 0.55 0.87
 SD/median ≤ 0.3* 79 1.10 1.06, 1.13 0.82 0.72, 0.92 11.5 kPa 0.82 0.71 0.53 0.91

IQR/median
 IQR/median ≤ 0.15 17 1.07 0.94, 1.21 0.78 0.56, 1.00 9.6 kPa 1.00 0.615 0.44 1.00
 IQR/median ≤ 0.2* 28 1.10 1.02, 1.18 0.81 0.65, 0.99 11.7 kPa 0.78 0.84 0.7 0.89
 IQR/median ≤ 0.3* 55 1.12 1.06, 1.19 0.81 0.69, 0.93 11.5 kPa 0.81 0.74 0.57 0.91
 IQR/median ≤ 0.4* 74 1.13 1.08, 1.18 0.82 0.72, 0.92 12.5 kPa 0.73 0.81 0.62 0.88
 IQR/median ≤ 0.5* 88 1.10 1.06, 1.14 0.83 0.74, 0.92 11.3 kPa 0.85 0.72 0.58 0.92

SD/mean (coefficient of variance)
 SD/mean ≤ 0.2* 53 1.14 1.07, 1.22 0.80 0.68, 0.93 11.5 kPa 0.73 0.76 0.55 0.88
 SD/mean ≤ 0.3* 83 1.10 1.06, 1.13 0.82 0.73, 0.92 11.3 kPa 0.83 0.73 0.56 0.92
 SD/mean ≤ 0.5* 97 1.09 1.06, 1.12 0.81 0.72, 0.89 11.3 kPa 0.81 0.68 0.55 0.88
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which may provide inaccurate assessment of the liver 
parenchyma. Quality criteria can improve diagnostic accu-
racy by excluding measurements with high variability.

There is limited evidence for the use of quality criteria in 
2D SWE. Based on evidence from TE studies, quality crite-
rion IQR/median ≤ 0.3 has been used in 2D SWE studies to 
identify reliable measurements [10, 14]. Alternative thresh-
olds using SD/median and SD/mean (CV: coefficient of vari-
ance) have also been proposed for 2D SWE. Propocet et al. 
identified SD/median ≤ 0.10 as the optimal quality criterion 
in the diagnosis of portal hypertension [15]. Thiele et al. 
used SD/median ≤ 0.30 in the assessment of liver fibrosis in 
patients with alcohol abuse [8]. Lim et al. identified higher 
diagnostic performance using CV ≤ 0.20 compared to IQR/
median ≤ 0.20 [16]. To the best of the authors’ knowledge, 
this is the first study to evaluate diagnostic performance 
of 2D SWE among all three reliability criteria. Our study 
shows that using quality criteria for measurement inclu-
sion improves the prediction of clinically significant liver 
fibrosis with high sensitivity. In this study, all quality cri-
teria using IQR/median, SD/median, or SD/mean achieved 
equal or higher diagnostic accuracy compared to baseline 
(0.78–0.87 vs. 0.78). While IQR/median ≤ 0.3 increased the 
SN and SP in prediction of clinically significant liver fibro-
sis, it excluded approximately half of the patients (48/103) in 
our study. Similarly, while SD/median ≤ 0.15 was the most 
accurate (AUROC = 0.87), it was exceedingly restrictive 
and excluded 78% of patients (80/103). We identified IQR/
median ≤ 0.5 as the optimal quality criterion as it increased 

the AUROC from 0.78 to 0.83, SN from 80 to 85%, and 
SP from 66 to 72% while only excluding 15% of patients 
(15/103). Furthermore, IQR/median ≤ 0.5 was associated 
with a high NPV of 92%, which is advantageous in select-
ing patients for liver biopsy.

Fig. 3   The circles represent median elasticity value (kPa) for each 
patient. The line is predicted from data modeling of likelihood of 
METAVIR fibrosis stage versus elasticity; 95% CI is shown in shaded 
area. CI confidence interval

Fig. 4   a The circles represent patients with IQR/median ≤ 0.3. The 
red crosses represent excluded patients with IQR/median > 0.3. The 
line is predicted from data modeling of likelihood of METAVIR 
fibrosis stage versus median elasticity for all patients; 95% CI is 
shown in shaded area. IQR interquartile range, CI confidence interval. 
b Correlation between elasticity values and METAVIR fibrosis stage 
for patients with IQR/median ≤ 0.3. The circles represent median 
elasticity value (kPa) for each patient. The line is predicted from data 
modeling of likelihood of METAVIR fibrosis stage versus elasticity; 
95% CI is shown in shaded area. IQR interquartile range, CI confi-
dence interval



3292	 Abdominal Radiology (2019) 44:3285–3294

1 3

Patient-related, operator-related, and/or manufacturer 
model-related factors may have contributed to measure-
ment variability and patient exclusion. In our study, 51/103 
patients had primary diagnosis of nonalcoholic fatty 
liver disease and possible nonalcoholic steatohepatitis. 

Nonalcoholic steatohepatitis is associated with heterogenous 
distribution of liver fibrosis [18]. Consequently, quality cri-
teria may exclude some patients with high measurement 
variability due to areas with different degrees of fibrosis 

Fig. 5   a The circles represent patients with SD/median ≤ 0.15. The 
red crosses represent excluded patients with SD/median > 0.15. The 
line is predicted from data modeling of likelihood of METAVIR 
fibrosis stage versus median elasticity for all patients; 95% CI is 
shown in shaded area. SD standard deviation, CI confidence interval. 
b Correlation between elasticity values and METAVIR fibrosis stage 
for patients with SD/median ≤ 0.15. The circles represent median 
elasticity value (kPa) for each patient. The line is predicted from data 
modeling of likelihood of METAVIR fibrosis stage versus elasticity; 
95% CI is shown in shaded area. SD standard deviation, CI confi-
dence interval

Fig. 6   a The circles represent patients with IQR/median ≤ 0.5. The 
red crosses represent excluded patients with IQR/median > 0.5. The 
line is predicted from data modeling of likelihood of METAVIR 
fibrosis stage versus median elasticity for all patients; 95% CI is 
shown in shaded area. IQR interquartile range, CI confidence interval. 
b Correlation between elasticity values and METAVIR fibrosis stage 
for patients with IQR/median ≤ 0.5. The circles represent median 
elasticity value (kPa) for each patient. The line is predicted from data 
modeling of likelihood of METAVIR fibrosis stage versus elasticity; 
95% CI is shown in shaded area. IQR interquartile range, CI confi-
dence interval
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rather than technical inaccuracies. In 2D SWE, a learning 
curve has been observed with higher reproducibility from 
more experienced operators [13]. For patients imaged ear-
lier in the study, comparatively less sonographer experi-
ence with the 2D SWE system may have resulted in more 
variable measurements. Also, manufacturer differences may 
have contributed to high IQR/median ratios as measurement 
variability can differ among shear wave elastography manu-
facturer models [19].

Using IQR/median ≤ 0.5 as the quality criterion, this 
study identified 11.3 kPa as the mathematically optimal 
threshold for predicting clinically significant fibrosis with 
SN and SP of 85% and 72%, respectively. Other studies 
have reported 2D SWE thresholds for F ≥ 2 ranging from 
6.3 to 12.4 kPa [20, 21]. Our threshold is at the higher end 
of the range, and may be attributable to manufacturer dif-
ferences between our study (Aplio 500, Canon, formerly 
Toshiba) and previous studies (Aixplorer, Supersonic Imag-
ine). Another potential factor is that our study allowed up 
to three ROI measurements to be obtained within a single 
color box (grouped measurements); however, no significant 
differences in diagnostic accuracy were identified between 
individual and grouped measurements. The difference in 
study populations may also account for our higher threshold. 
Many previous 2D SWE studies focused on patients with 
one specific etiology (e.g., viral, alcoholic, NAFLD) while 
our study included patients with a variety of liver patholo-
gies including less commonly studied etiologies (e.g., auto-
immune, hemochromatosis, and primary sclerosing cholan-
gitis). This heterogeneous population introduces inherent 
variability, which makes identifying a uniform threshold 
more challenging.

To the best of the authors’ knowledge, this is the first 
study to compare individual versus grouped measurements. 
While 2D SWE allows multiple ROIs to be placed within 
a single elastogram, there is a theoretical concern for less 
reliable measurements because an error in one image may be 
reproduced in all measurements from that group [13]. This 
study found no significant difference between thresholds and 
diagnostic accuracies between individual and grouped meas-
urements. Compared to pSWE, 2D SWE examination times 
are approximately twice as long because the sonographer 
must wait for stabilization of the elastogram and adjust ROI 
placement until parallel dispersion lines are observed [22]. 
Given similar diagnostic accuracies between 2D SWE and 
pSWE, longer examination times may discourage the use 
of 2D SWE over pSWE in clinical settings [23, 24]. Using 
grouped measurements may increase procedural efficiency 
to offset this difference. Further study is needed to assess the 
average time saved by using grouped measurements.

One potential limitation of this study is the use of META-
VIR fibrosis staging for all patients, including those with 
nonalcoholic steatohepatitis (NASH), which may affect 

threshold analysis and diagnostic accuracy. One staging 
system was used to allow for regression analysis with all 
patients. To assess potential differences in fibrosis stages 
using other staging systems, NAFLD/NASH patients were 
staged using both METAVIR and Brunt staging criteria. 
There was high agreement between the two staging sys-
tems. Of the seven patients with discordant fibrosis stages, 
only one patient had F1–F2 disagreement that would affect 
threshold analysis and diagnostic accuracy. Another limita-
tion of the study is the relatively small proportion of F3 and 
F4 patients (22%). As this is a prospective study, this reflects 
the proportion of patients who were referred to biopsy and 
found to have severe fibrosis and cirrhosis. SWE measure-
ments are susceptible to interobserver variability as patients 
were imaged by one of five sonographers. Lastly, this was a 
single institution study using one manufacturer model (Aplio 
500, Canon, formerly Toshiba), and results may not be gen-
eralizable to all SWE models. A larger multi-institutional 
study using multiple manufacturer models may be required 
to confirm the optimal reliability criterion.

In conclusion, the use of IQR/median ≤ 0.5 as the reli-
ability criterion can improve the diagnostic performance of 
2D SWE in predicting clinically significant fibrosis. IQR/
median ≤ 0.5 increases the sensitivity and specificity while 
excluding only a small subset of patients. Grouped measure-
ments are comparable to individual measurements, and may 
help increase procedural efficiency.
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