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Background Elastography point quantification (ElastPQ) is a newly noninvasive method incorporated into a conventional
ultrasound system for staging of liver fibrosis in patients with chronic liver diseases.
Aim The aim was to evaluate ElastPQ reproducibility and its accuracy in staging of liver fibrosis in hepatitis C virus (HCV) patients
in comparison with transient elastography (TE) and fibrosis scores [FIB-4 and aspartate aminotransferase-to-platelet ratio index
(APRI)] using liver biopsy as a reference standard and also to predict the sensitivity and specificity of ElastPQ as well as proposing
a cut-off for advanced fibrosis.
Patients and methods A single-center, cross-sectional study enrolled 72 chronic HCV patients. Baseline demographic and
laboratory data were recorded. ElastPQ and TE were performed. Fibrosis scores were calculated. The performance of ElastPQ
was compared with that of TE and noninvasive methods (FIB-4, APRI) using liver biopsy as a reference standard using receiver
operating characteristic curve analysis.
Results ElastPQ is a valuable diagnostic tool for the diagnosis of FZ1, FZ2, and FZ3, with area under the receiver operating
characteristic curve of 0.79, 0.74, and 0.83, respectively.
The best cut-off values for ElastPQ were 4.9, 6.6, and 10.7 kPa for mild fibrosis, significant fibrosis, and advanced fibrosis,
respectively. ElastPQ correlated positively with all other fibrosis indices (TE, APRI, and FIB-4) as well as liver biopsy. Area under
the curve for the diagnosis of advanced fibrosis (F3/F4) using ElastPQ was 0.83 at a cut-off value of 10.7 kPa (P<0.01).
Conclusion ElastPQ is a promising noninvasive US-based method for assessing liver fibrosis in HCV-related chronic liver
disease patients with good diagnostic performance comparable to that of liver biopsy and TE. Eur J Gastroenterol Hepatol
30:882–887
Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

Introduction

Hepatitis C virus (HCV) infection is one of the main causes
of chronic liver disease (CLD) worldwide that causes
various parenchymal liver injuries, which leads to pro-
gressive liver fibrosis and results in liver cirrhosis and its
various complications such as portal hypertension and
hepatocellular carcinoma (HCC) [1].

Liver biopsy is still considered the ‘gold standard’ for
the evaluation of liver fibrosis. Although it has several
drawbacks, being an invasive method [2], its diagnostic
accuracy is limited by specimen size, sampling error, and
intraobserver and interobserver variability [3,4].

To date, currently available noninvasive methods for
assessing hepatic fibrosis and gradually replacing liver

biopsy include serum biomarkers, ultrasonographic elas-
tography, and magnetic resonance elastography. Transient
elastography (TE) was the first validated noninvasive
method for assessing liver stiffness (LS), which is a surro-
gate marker of liver fibrosis in HCV patients and subse-
quently in other etiologies of chronic hepatopathies [5,6].
TE also predicts the clinical outcomes of CLD related to
progressive liver fibrosis such as hepatic decompensation,
portal hypertension, liver failure, and HCC [7,8].

In the last few years, several other shear wave elasto-
graphy (SWE) techniques were developed: either point
SWE (using ARFI technology) or real-time elastography
methods (2D-SWE). Among these, elastography point
quantification (ElastPQ; point SWE) is a novel shear wave-
based elastography technology that uses the same princi-
ples as virtual touch tissue quantification, both being ARFI
techniques. In ElastPQ, the shear wave is generated by a
focused ultrasound beam, allowing multiple liver stiffness
measurements (LSMs) on the direct visualization of the
anatomical structures [9]. Both point techniques, ElastPQ
and virtual touch tissue quantification, showed good per-
formance and acceptable accuracy in liver fibrosis assess-
ment [10,11].

The aim of this study was to evaluate the feasibility of
using ElastPQ for liver fibrosis staging and to compare the
diagnostic accuracies of ElastPQ, TE, and fibrosis scores
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[FIB-4 and aspartate aminotransferase-to-platelet ratio
index (APRI)] at each stage of fibrosis using liver biopsy as
the reference standard.

Patients and methods

Patient population

This is a cross-sectional study including 72 chronic HCV
patients who were recruited from Kasr Al-Aini Viral
Hepatitis Center, Cairo University, from August 2014 till
December 2015. Patients included had positivity for HCV
antibodies, detectable HCV RNA for more than 6 months,
compensated hepatic synthetic function, and interpretable
liver biopsy examination results. Patients were excluded if
they had hepatitis B virus co-infection or associated liver
pathology, for example autoimmune hepatitis, decom-
pensated liver cirrhosis, HCC, or extrahepatic malignancy.

Demographic, history, clinical examination, and rou-
tine laboratory data were recorded in all patients. An
ultrasound scan of the abdomen was performed using US
equipment (iU22; Philips, Amsterdam, The Netherlands)
to exclude ascites or focal hepatic lesions and to assess the
general hepatic condition or any other co-morbidities. All
enrolled patients underwent ultrasound-guided liver
biopsy. On the same day or the day after the liver biopsy
procedure, ElastPQ and TE examinations were performed
for all patients in the same session and the fibrosis scores
(FIB-4 and APRI) were also calculated.

The study was carried out according to the principles of the
Declaration of Helsinki and was approved by the Institutional
Review Board of Faculty of Medicine, Cairo University.
Written informed consent was obtained from each patient
before liver biopsy as well as TE and ElastPQ examination.

Laboratory tests and calculated scores

Blood samples were collected and laboratory tests were
performed in the form of complete blood cell counts, liver
biochemical profile (serum bilirubin, liver enzymes, serum
albumin, and international normalized ratio), renal func-
tion tests (serum urea and creatinine), and hepatitis B
surface antigen in addition to the quantitative PCR
assessment of HCV RNA.

The FIB-4 score and APRI were calculated according to
the following equations.

The FIB-4 score was calculated using Sterling’s formula
[12]:

Age yearsð Þ�AST IU = lð Þ
platelet count �109 = l

� �� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ALT IU = lð Þp

The APRI score was calculated using Wai’s formula
[13]:

ASTðIU=lÞ=AST=ðupper normal limitÞ ðIU=lÞ
Platelet count �109 = l

� � 100:

FIB-4 cut-off <1.45 predicts nonsignificant fibrosis
(<F2), cut-off of 1.45-<3.25 predicts significant fibrosis
(≥F2 to <F4), and cut-off >3.25 predicts cirrhosis (F4)
[12], whereas APRI cut-off <0.7 predicts nonsignificant
fibrosis (<F2), cut-off 0.7 to less than 1 predicts significant

fibrosis (≥F to <F4), and cut-off ≥1 predicts cirrhosis
(F4) [14].

Histological classification

Ultrasound-guided percutaneous liver biopsy was exam-
ined using 16-G semiautomated biopsy needles. Liver
specimens greater than 15mm in length and including
more than 11 portal tracts were fixed in 10% neutral
formalin, processed, and then embedded in paraffin.
Sections were stained with hematoxylin–eosin and Masson
trichrome for the detection of hepatic fibrosis. All speci-
mens were examined by one expert pathologist who was
blinded to the patients’ elastography results and the clin-
ical data. Histological examination according to the
METAVIR scoring system showed various fibrosis stages
(F0–F4) and necroinflammatory activity was graded
(A0–A3) [15]. Patients were further classified according to
the degree of hepatic fibrosis into nonadvanced fibrosis
(≤ F2) and advanced fibrosis (F3/F4). No serious adverse
events secondary to liver biopsies were reported.

Transient elastography

LSMs were performed for all enrolled patients with
FibroScan (FibroScan 502; Echosens, Paris, France). LSMs
were performed in the right lobe of the liver through the
intercostal spaces while the patients were lying supine with
their right arm in maximal abduction in a position similar
to that used for liver biopsy. The tip of the transducer was
placed in the right lobe of the liver perpendicularly. After
the area of measurement was located, the operator pressed
the probe button to acquire a stiffness measurement. Ten
valid measurements were performed, and the median of LS
in kilopascals (kPa) was reported [16]. Examinations were
considered reliable only when the median value of 10 LS
measurements had a success rate greater than 60% and
interquartile range less than 30%. TE values were corre-
lated to various stages of liver fibrosis according to the
histological staging system of METAVIR [17].

Elastography point quantification

LS was measured using iU22 US equipment (Philips,
Amsterdam, The Netherlands) with a convex broadband
probe and the ElastPQ technique [18,19]. As with other SWE
methods, this technique generates shear waves inside the liver
using radiation force from a focused ultrasound beam. The
ultrasound machine monitors the shear wave propagation
using a Doppler-like ultrasound technique and measures the
velocity of the shear wave. The shear wave velocity is dis-
played in kPa or in meters per second through Young’s
modulus E=3 (vS2.ρ), where E is Young’s modulus, vS is
the shear wave velocity, and ρ is the density of the tissue. If the
amount of nonshear wave motion exceeds a threshold, the
system does not display a calculation [20]. The measurements
were performed in the right lobe of the liver through inter-
costal spaces, 1–2 cm under the liver capsule to avoid any
vessels or biliary structures, with the patient lying supine with
the right arm in maximal abduction. The patients were asked
to hold their breath while the operator pressed a button to
acquire stiffness measurement. Only the examinations with
at least 10 validated measurements expressed in m/s or kPa
and interquartile range less than 30% of median values
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were considered reliable and included in this study.
Measurements <1 kPa were rejected. In our study, we pre-
ferred using kPa for ElastPQ measurements to correlate with
those of TE as they are expressed in kPa as well.

Statistical analysis

All patients’ data were tabulated and processed using SPSS
version 10.0 for Windows XP (SPSS Inc., Chicago, Illinois,
USA). The results were described as mean, SD, or range
and compared using Student’s t-test. The Spearman’s
correlation coefficient was used to analyze the correlations
between LSMs measured by TE, ElastPQ, FIB-4, APRI,
and Metavir fibrosis stage. The diagnostic performance of
ElastPQ for staging liver fibrosis was evaluated using
sensitivity, specificity, positive predictive value, negative

predictive value, and receiver operating characteristic
(ROC) curve analysis. The comparison of the diagnostic
accuracy of ElastPQ, TE, FIB-4, and APRI was performed by
calculating the area under the receiver operating characteristic
curve (AUC). AUC values were interpreted as follows: less
than 0.70=poor; 0.70–0.80= fair; 0.80–0.90= good; and
0.90–1.0= excellent. A P value > 0.05 was considered to
indicate statistical significance.

Results

The main characteristics of the patients are shown in
Table 1. The mean age was 44 ±9.6 years, with a male
predominance (62.5%). In terms of liver biopsy results,
two (2.8%) patients were F0, 32 (44.4%) patients were
F1, 12 (16.7%) patients were F2, 23 (31.9%) patients
were F3, and three (4.2%) patients were F4. The mean
values of ElastPQ, TE, FIB-4, and APRI were 8.2 ±5.1
kPa, 9.04 ±4.5 kPa, 1.7 ±1.1, and 0.71 ±0.5, respectively.

Distribution of the ElastPQ values in kPa in comparison
with the different fibrosis stages using liver biopsy as the
reference method is shown in Fig. 1. There was a huge
overlap in the ElastPQ readings for F0, F1, and F2.
Although there was less overlapping with F3, it still

Table 1. Demographic and laboratory data of the patients studied
(n=72)

Demographics Values

Age (years) 44 ±9.6
Sex
Male 45 (62.5%)
Female 27 (37.5%)

BMI (kg/m2) 23.6 ±2.7
Laboratory parameters
Hemoglobin (g/dl) 13.4 ±1.6
White blood cell (103/mm3) 5.9 ±1.9
Platelets (103/mm3) 209 ±65
Total bilirubin (mg/dl) 0.7 ±0.3
Aspartate aminotransferase (IU/l) 44.9 ±24.6
Alanine aminotransferase (U/l) 50.4 ±30.1
Albumin (g/dl) 4.2 ±0.5
INR 1.1 ±0.11
HCV RNA (IU/ml) 1248776.75 ±2403656.7

Fibrosis score (METAVIR)
F0 2 (2.8%)
F1 32 (44.4%)
F2 12 (16.7%)
F3 23 (31.9%)
F4 3 (4.2%)

Noninvasive methods
ElastPQ (kPa) 8.2 ±5.1
TE values (kPa) 9.04 ±4.5
FIB-4 1.7 ±1.1
APRI 0.71 ±0.5

Data are expressed as mean ±SD or number (%).
APRI, aspartate aminotransferase-to-platelet ratio index; ElastPQ, ultrasound shear
wave elastography point quantification; HCV, hepatitis C virus; INR, international
normalized ratio; TE, transient elastography.

Fig. 1. Distribution of elastography point quantification readings among
different fibrosis stages.

Table 2. Summary of elastography point quantification, transient elastography, and FIB-4 values according to fibrosis stage

Histologic fibrosis stage F0 (n=2) F1 (n=32 ) F2 (n=12) F3 (n=23) F4 (n=3) Total (n=72)

ElastPQ (kPa) 4.2±0.9 5.7±2.1 6.3±2.7 11.4±5.1 21.5±0.9 8.2±5.1
TE (kPa) 5.4±0.3 5.7±1.6 7.4±1.3 13.7±2.7 18.1±1.01 9.04±4.5
FIB-4 0.41±0.00 1.1±0.61 1.73±0.92 2.23±1.1 3.8±1.02 1.7±1.1

Data are expressed as mean ±SD.
ElastPQ, ultrasound shear wave elastography point quantification; TE, transient elastography.

Table 3. Diagnostic performance of elastography point quantification with different Metavir fibrosis stages

Fibrosis stage AUC Area 95%CI P value Cut-off value Sensitivity (%) Specificity (%)

Stage ≥ F1 0.79 0.63–0.95 0.16 4.9 70 100
Stage ≥F2 0.74 0.62–0.86 0.0001 6.6 71.1 85.3
Stage ≥F3 0.83 0.7–0.96 <0.001 10.7 73.1 97.8

AUC, area under the receiver operating characteristics curve; CI, confidence interval.
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showed a wide range of readings (large SD). F4 did not
show any overlap; the number of patients with F4 was
small. The mean values of LSM using ElastPQ, TE, and
FIB-4 at each fibrosis stage are summarized in Table 2.

The best ElastPQ cut-off values to predict mild fibrosis
(F≥1), significant fibrosis (F≥ 2), and advanced fibrosis
(F≥3) were 4.9, 6.6, and 10.7 kPa, respectively, for the
same stages of histological fibrosis and ElastPQ also
showed good diagnostic accuracy in identifying each liver
fibrosis stage, with an AUC of 0.74–0.83, as shown in
Table 3.

The overall correlation with histological fibrosis was
statistically significant for all noninvasive methods: ElastPQ
(r=0.68, P<0.0001) versus TE (r=0.87, P<0.0001) ver-
sus FIB-4 (r=0.62, P<0.0001) versus APRI (r=0.57,
P<0.0001) as shown in Table 4.

On subgroup analysis, ElastPQ, TE, FIB-4, and APRI yiel-
ded AUCs of 0.75, 0.95, 0.81, and 0.77, respectively, for
nonadvanced fibrosis, whereas AUCs for advanced fibrosis
was 0.83, 0.99, 0.81, and 0.77 for ElastPQ, TE, FIB-4, and
APRI, respectively, as shown in Table 5 and Figs 2 and 3.

Discussion

The assessment of liver fibrosis in chronic hepatitis C is
useful to determine the prognosis of the disease, to estab-
lish the optimal timing for therapy, screening, and sur-
veillance strategies, and to predict treatment response [21].

These issues led to the development and validation of
noninvasive assessments of liver fibrosis. Among these,
ElastPQ point quantification shear wave elastography is a
newly developed technique to assess LS [19,20]. However,
only a few studies assessing its efficacy in staging of hepatic
fibrosis in HCV patients have been published [11,22,23].

On this basis, the present study aimed to evaluate the
accuracy of ElastPQ in staging liver fibrosis in chronic
hepatitis C patients in comparison with TE and other
noninvasive fibrosis scores (FIB-4, APRI) using histologic
liver fibrosis stage as a reference standard.

A recent study by Mare et al. [22] evaluating the
accuracy of ElastPQ in liver fibrosis staging using TE as a
reference method, not liver biopsy, showed that AUROCs
for the diagnosis of F≥2 and F≥3 in HCV patients were
0.96 and 0.97, respectively, which were slightly better than
our study, which found that AUROC for F≥ 2 was 0.74
and for F≥3 was 0.83. However, our results were in
agreement with those of Fraquelli et al. [23], who reported
that AUROCs of point shear wave elastography in
diagnosing F≥ 2 and F≥ 3 in HCV subgroup were 0.77
and 0.83, respectively, using liver biopsy as a reference
method.

In our study, the best cut-off values for ElastPQ were
4.9, 6.6, and 10.7 kPa for diagnosing mild fibrosis, sig-
nificant fibrosis, and advanced fibrosis, respectively, which
were higher than the values reported in previous studies
[20,22–25]. We had an unequal distribution of fibrosis
stages because of the high prevalence of patients with F1
and the small number of patients with F0 and F4, which
may result in variation in shear wave velocity measure-
ments in our study. Also, the reported cut-off values in
previous studies were variable, which may be because of
different underlying liver diseases.

Previous studies discussed the comparison and corre-
lation between TE and ElastPQ for staging of liver fibrosis
in chronic HCV patients [20,22,23]. The present study
showed that TE, ElastPQ, FIB-4, and APRI values were
significantly correlated with liver fibrosis using liver biopsy
as a reference method. Furthermore, the diagnostic per-
formances of ElastPQ, TE, FIB-4, and APRI for staging of
both nonadvanced and advanced fibrosis were compared
and showed that ElastPQ and TE have higher diagnostic
accuracies than FIB-4 and APRI for the diagnosis of
advanced fibrosis (AUC: 0.83, 0.99, 0.81, and 0.77,
respectively). The cut-off for ElastPQ and TE to differ-
entiate between advanced fibrosis and nonadvanced
fibrosis was 10.7 and 7.7 kPa, respectively, the latter
being lower than those reported in most of the earlier
literatures [5,26], but similar to the Ferraioli et al. [20]
study, which included HCV patients and also proposed
a lower cut-off for TE (7.3 kPa for advanced fibrosis).

Table 4. Correlation of Metavir fibrosis stages and other fibrosis indices

Liver biopsy

Correlation (r) P value

ElastPQ 0.68 <0.0001
TE 0.87 <0.0001
FIB-4 0.62 <0.0001
APRI 0.57 <0.0001

APRI, aspartate aminotransferase-to-platelet ratio index; ElastPQ, ultrasound shear
wave elastography point quantification; TE, transient elastography.

Table 5. Diagnostic performance of elastography point quantification, transient elastography, FIB-4, and aspartate aminotransferase-to-platelet ratio
index in nonadvanced and advanced fibrosis

Fibrosis assessment method AUC Area 95%CI P value Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%) DA (%)

Nonadvanced fibrosis (≤ F2) (n=46)
ElastPQ 0.75 0.63–0.87 <0.01 6.6 71 87 84 73 77.8
TE 0.95 0.91–0.99 <0.01 6.2 97 81 84 96 88.9
FIB-4 0.81 0.71–0.91 <0.01 1.42 71 81 82 70 73.6
APRI 0.77 0.65–0.88 <0.01 0.53 71 69 73 67 68.1
Advanced fibrosis (F3/F4) (n=26)
ElastPQ 0.83 0.71–0.96 <0.01 10.7 73 98 95 87 88.9
TE 0.99 0–100 <0.01 7.7 100 86 79 100 90.3
FIB-4 0.81 0.7–0.91 <0.01 1.5 77 73 61 82 70.8
APRI 0.77 0.65–0.89 <0.01 0.7 73 77 66 83 73.6

APRI, aspartate aminotransferase-to-platelet ratio index; AUROC, area under the receiver operating characteristic curves; CI, confidence interval; DA, diagnostic accuracy;
ElastPQ, ultrasound shear wave elastography point quantification; NPV, negative predictive values; PPV, positive predictive values; TE, transient elastography.
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This is mostly because of the low prevalence of advanced
fibrosis stages, especially F3 and F4, among the studied
patients.

Several nonpatented tests have been proposed for the
noninvasive prediction of hepatic fibrosis in HCV patients.
Among these are APRI and FIB-4, which are based on

routine laboratory parameters such as alanine amino-
transferase, aspartate aminotransferase, and platelets
count, which are readily available in clinical practice with
significant accuracy for the diagnosis of hepatic fibrosis
[27,28]. Our study reported that ElastPQ showed higher
diagnostic accuracy than FIB-4 and APRI for the diagnosis
of advanced fibrosis (AUC: 0.83 vs. 0.81 and 0.77,
respectively), and this was consistent with Lee et al. [24]
and Lu et al. [29], who concluded a significantly higher
diagnostic yield for ElastPQ than for APRI for liver fibrosis
staging [24,29], but there have been no comparative stu-
dies assessing ElastPQ, TE, and FIB-4.

The present study adds to previous reports showing that
ElastPQ can efficiently assess LS compared with TE. This
may be attributed to the fact that shear waves generated in
the tissue are not the same for each technique and to the
difference in the spatial resolution of the probes used to
measure the shear wave velocity. In ElastPQ, the shear
wave is generated by a focused ultrasound beam at dif-
ferent sites within the organ, whereas TE uses a mechan-
ical vibration to produce shear waves in the target tissue.
Therefore, TE results are difficult to obtain in patients with
narrow intercostal spaces, in overweight patients, and also
impossible to obtain in patients with ascites because the
vibration cannot penetrate the perihepatic liquid [16]. In
addition, no correlation was found between BMI, age, and
sex and ElastPQ values [9,23].

Our study has some limitations. First, the different
stages of fibrosis, particularly advanced fibrosis (F3) and
cirrhosis (F4), were not equally represented among the
patients in our study; almost of the patients were at the F1
stage, which may have affected the optimal cut-off values
obtained with the ROC curves. Second, the analysis was
carried out in a relatively small number of patients because
of the number of liver biopsies performed has decreased
markedly in the last few years and has gradually been
replaced by noninvasive modalities for liver fibrosis
assessment; thus, it is difficult to recruit a large series of
patients evaluated by liver biopsy.

Conclusion

In conclusion, ElastPQ is a promising noninvasive method
for the evaluation of liver fibrosis in chronic HCV-infected
patients with a good diagnostic performance comparable to
that of liver biopsy and TE. ElastPQ has good diagnostic
performance for predicting advanced fibrosis than non-
advanced fibrosis. Further prospective studies including
larger series of patients are needed with equally distributed
stages of liver fibrosis to validate these results. Once vali-
dated, further studies will be needed to determine the
prognostic value of ElastPQ in the prediction of clinically
relevant outcomes in patients with CLD such as develop-
ment of varices, hepatic decompensation, and HCC.
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Fig. 2. The receiver operating characteristic curves of elastography point quan-
tification, transient elastography, FIB-4, and aspartate aminotransferase-to-platelet
ratio index considering liver biopsy as the reference method for predicting non-
advanced fibrosis (≤F2). APRI, aspartate aminotransferase-to-platelet ratio index;
ROC, receiver operating characteristic curve; TE, transient elastography.

Fig. 3. The receiver operating characteristic curves of elastography point quan-
tification, transient elastography, FIB-4, and aspartate aminotransferase-to-platelet
ratio index considering liver biopsy as the reference method for predicting
advanced fibrosis (F3/F4). APRI, aspartate aminotransferase-to-platelet ratio index;
ROC, receiver operating characteristic curve; TE, transient elastography.
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