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Ultrasound Elastography Used for Preventive Non-Invasive
Screening in Early Detection of Liver Fibrosis

Florian Bert® ¢, Jona T. Stahmeyer?, Siegbert Rossol?

Abstract

Background: Early discovery of liver fibrosis is becoming more
popular because of enhanced incidence of hepatocellular carcinoma.
Ultrasound-based liver elastography is a method used to approve sus-
pected liver fibrosis or cirrhosis. We assessed the clinical usefulness
of acoustic radiation force impulse shear wave elasticity imaging
(ARFI-SWEI) as a preventive screening method to uncover fibrosis.

Methods: We screened 382 patients by native routine sonography
for abnormal liver results and divided them into six groups: group
1: normal liver, groups 2-4: fatty liver grade I-III, group 5: liver cir-
rhosis, and group 6: inhomogenic liver tissue. Then ARFI-SWEI was
performed and the results were compared with published shear wave
velocity cut-off values that were predictive of each fibrosis stage (FO-
4). A control group consisted of 20 healthy volunteers.

Results: The part of liver fibrosis > F2 was in groups 1-4: 20-32%,
group 5: 100%, and group 6: 91%. Main causes for fibrosis stage >
F2 were (non)-alcoholic steatohepatitis, chronic viral or autoimmune
hepatitis and chronic heart failure.

Conclusions: Screening of the liver tissue in b-mode ultrasound can
underestimate possible liver fibrosis; by using ARFI-SWEI, liver fi-
brosis can be uncovered early. It is a suitable preventive method com-
parable to colonoscopy for colon cancer.
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Introduction

In recent years, the early discovery of progressive liver fail-
ure and liver fibrosis is becoming more popular because of
enhanced incidence of hepatocellular carcinoma (HCC). HCC
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is the third leading cause of cancer-related death and the fifth
most common malignancy in men and the seventh in women
worldwide [1, 2]. Nearly 95% of all HCCs are based on liver
cirrhosis (LC) with an incidence up to 6% per year [3]. LC
is the consequence of chronic liver disease (CLD). Non-alco-
holic or alcoholic fatty liver disease ((N)AFLD) and chronic
viral hepatitis B and C (HBV/HCV) are leading CLDs in the
western world [4]. They induce an inflammatory response of
the liver tissue with activation of immune cells, proliferation
and transdifferentiation of mesenchymal cells and following
progress to liver fibrosis up to LC [5].

Epidemiologic data from Germany estimate that nearly 4 - 5
million people suffer from CLD [6]. Mortality analysis shows
that CLD as a cause of death ranges on place 5 in Germany and
the risk to develop LC is up to 5% [5]. Data analysis from the US
Department of Health and Human Services revealed that CLD
ranges on place 12 of 15 leading causes of death in 2013 [7].

Often patients do not know about their possible liver
failure because typical symptoms like fatigue or jaundice are
missing until the late stage of the disease [8]. Today there ex-
ist successful therapeutic options for chronic HBV/HCV and
the risk of following LC and/or HCC decreases. But steato-
sis hepatis and steatohepatitis are more and more problem for
people of the industrialized countries. Less sporting activity,
excess of calories and/or alcohol are the main reasons for de-
veloping overweight, fatty liver and/or steatohepatitis with el-
evated risk of LC and HCC. The obesity prevalence ranges
from 2.3% to 12%, and overweight is 28.8%, mostly affecting
females [9]. Nowadays (N)AFLD-associated LC is the second
leading cause for liver transplant in the USA and will overtake
the chronic HCV in the next years [10].

The life expectancy and prognosis of patients with LC are
significantly lower with 1-year mortality of 40% [11]. Mortal-
ity and morbidity rates increase exponentially once cirrhosis
develops; a systematic review of 118 studies involving 23,797
patients with LC by D’ Amico et al showed that the overall sur-
vival was only 64% over a median follow-up of 31 months [12].

To prevent LC, the aim is to uncover early stages of a liver
fibrosis and corresponding CLD [13]. In the past, the diagnosis
and follow-up of progressive liver fibrosis are based on histo-
logical examination using liver biopsy. Although biopsy is still
considered the “gold standard” for histological evaluation, it
is well known that this procedure has several limitations (i.e.,
sampling errors, bleeding complications) and poor tolerance as
a stressful medical procedure for many patients [13, 14].

Thus, in recent years, interest increased in identifying and
describing liver fibrosis by using non-invasive technical meth-
ods [14]. Acoustic radiation force impulse shear wave elastic-
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Figure 1. Acoustic radiation force impulse (ARFI) measurement, with the flexible metering box (“measurement box” as size of
region of interest (ROI), 10 mm long, 5 mm wide) is possible to localize a region of the liver for elastographic measurement at

variable depths.

ity imaging (ARFI-SWEI) is a novel ultrasound method for
liver fibrosis assessment [15-17]. This dynamic method uses
acoustic radiation force to produce an acoustic “push” pulse
that generates shear waves, which propagate into the tissue;
their speed reflects the underlying tissue stiffness and sever-
ity of liver fibrosis [18]. This method is comfortable for the
patient and examiner. It can be used for assessing different de-
grees of liver stiffness (fibrosis stages) and correlated to the
b-mode aspect of the liver in the same session [19].

Recent studies verified ARFI-SWEI as a powerful non-
invasive method in predicting fibrosis > F2 with high diag-
nostic accuracy and validity [18]. Because of its accuracy
and easy handling, point of interest is to use this method for
early discovering liver fibrosis independent of knowledge of a
causal CLD. For this reason, the purpose of this study was to
investigate the clinical usefulness of ARFI-SWEI screening to
uncover possible liver fibrosis in patients of a large teaching
hospital during routine ultrasound of the abdomen.

Materials and Methods

Patients

In this cross-section study, over a period of 6 weeks, we
screened 403 patients of nine departments (departments of sur-
gery (visceral, thoracic, and orthopedic), gynecology, urology,
neurology, oncology, radio-oncology, and internal medicine)
of the Krankenhaus Nordwest in Frankfurt/Main for striking
findings of liver by using routine ultrasound and additional
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liver elastography (ARFI-SWEI).

The clinical cause for patient hospitalization was of no in-
terest for the study. To avoid a bias, each patient taking part
in the study should get any kind of ultrasound examination,
independent of its indication and region to be investigated (e.g.
thyroid gland, abdomen, vessels), and was screened with ab-
dominal ultrasound and ARFI-SWEIL

Additional blood samples of the participants were taken to
determine the platelet count and the alanine aminotransferase
(ALT) looking for signs of CLD in context of liver fibrosis.
The correlation of severity of liver damage by histology was
not the aim of this study, neither the estimation of the progno-
sis of the surveillance.

The study was conducted in compliance with the Declara-
tion of Helsinki. The institutional review board approved the
study and the patients were informed of the study procedure.

Twenty-one patients (4.5%) of 403 enrolled patients were
not suitable for ARFI-SWEI measurement, because of low in-
tercostal access (N = 4), high body mass index (BMI > 30 kg/
m?2, N = 10) or missing cooperation (N = 7) during the proce-
dure. Thus, a total of 382 patients were included in the study.

An additional control group consisted of 20 healthy vol-
unteers (10 male and 10 female), with a median age of 50 + 14
years without known history of liver damage.

Native ultrasound scan and ARFI-SWEI

Two physicians performed ultrasound scan and elastographic
measurements independently with an ultrasound unit by Sie-
mens AG (Germany), Acuson S 2000, which included the Vir-
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tual Touch™ Tissue Quantification Software for ARFI-SWEI
technology.

In the first step, we evaluated the liver tissue of the par-
ticipants by b-mode native ultrasound. In case of fatty liver,
the degree (grade 1-3) was defined according to the method
by Saverymuttu (1986); the criterion for fatty liver was hyper-
echogenic liver tissue with fine, tightly packed echoes; as a ref-
erence for comparing normal liver tissue, we used the tissue of
the kidney [20]. The ultrasound unit contains tissue harmonic
imaging (THI), which resolves the problems related to ultra-
sound in technically difficult patients by providing a marked
improvement in image quality. We used an Acuson S2000 4C1
curved transducer with a frequency of 4.5 MHz and mechani-
cal index of 1.1 - 1.2.

ARFI-SWEI technique

ARFI-SWETI technology is a real-time dual display imaging
mode and allows a quantitative assessment of tissue stiffness,
through measurement of shear wave velocity (SWV). Shear
waves are generated by displacement of tissue and attenuate
approximately 10,000 times more rapidly than conventional
ultrasound waves.

With a flexible metering box (“measurement box” as size
of region of interest (ROI), 10 mm long, 5 mm wide), it is pos-
sible to localize a region of the liver for elastographic meas-
urement at variable depths. An acoustic push pulse transmitted
by the transducer toward the tissue induces an elastic shear
wave that propagates through the tissue. The propagation of
the shear wave is followed by detection pulses that are used
to measure the velocity of shear wave propagation, which is
directly related to tissue stiffness, and is quantified in meters

N=131 N=70 N=34 N=45

Table 1. Results of Native Ultrasound Scan of the Liver

Native ultrasound
(US) results

Normal native US

Group (groups 1-6: N = 382)

Controls (N = 20); group 1 (N=131)
Group 2 (N =70)
Group 3 (N =34)
Group 4 (N =45)
Group 5 (N =43)
Group 6 (N =59)

Fatty liver grade [
Fatty liver grade II
Fatty liver grade III
Cirrhotic tissue

Inhomogenic tissue

per second (m/s) [13, 16] (Fig. 1).

To optimize the results, we standardized our ARFI-SWEI
measurement. We did the examination in the morning and the
patients were without food intake and fasting > 3 h. The patient
was arranged in dorsal decubitus position, with the right arm
under his head (maximum abduction). We made ARFI-SWEI
measurement at the level of the right liver lobe segment VII/
VIII at a depth between 3.5 and 8.0 cm, while the patients were
asked to stop breathing for a moment [17].

We performed 10 valid measurements in every patient,
and the ratio between validated and total measurements as a
median value was calculated.

Only procedures with a success rate of at least 60%, and
with the interquartile range of all validated measurements < 30%
of the median value, were considered reliable [ 18]. We compared
the results of ARFI-SWEI measurements with published SWV
cut-off values that were predictive for each fibrosis stage corre-
lated to the histological classification of METAVIR (F0-4): FO-1
<1.24 m/s, F2 > 1.25 m/s, F3 > 1.60 m/s and F4 >2.00 m/s [21,
22]. A distinguishing between FO and F1 and conclusions about

Group1 Group2 Group3 Group4 GroupS5 Group6

5F4
“F3
5F2
5F1q

7~

N=43 N=59

Figure 2. Fibrosis stages F1*-F4 in groups 1-6. (*Stage F1 includes although FO).
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Table 2. Characteristics of Patients Shown as Mean + Standard Deviation and Patients Distribution in Different Groups Divided by Native Ultrasound Scan and

Patients Separated in Two Groups (Cirrhosis (F4) Versus Non-Cirrhosis (F0-3))

P-value

(non-cirrhosis)

Groups 1-6
318

(cirrhosis)

Groups 1-6
64

Controls

Group 6
(cirrhosis) (inhomogenic tissue)

Group 5
43

Groups 1-4

(without controls)

Total
382

Characteristics

20

59

280

Total

163/155
53+23
27+3

35/28

42653

34/25

26/17

143/147
64 +£28
29+3

198/184
56 +26
26+ 6

gender (male/female)

n.s.

66+ 16
26+ 4

59+15 52+ 14
25+£3

25+5

62+ 13
26+ 4

Age (years)
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n.s.

BMI (kg/m?)

53+33 n.s.

87 +47

45+£22

76 + 54
280 + 82

80+ 45 95 +33 58 £47

Thrombocytes (170 - 440 x 103/uL) 232+ 113

ALT (<35 U/L)

<0.001

163 £114 280 + 82

240 £ 112

163 £ 114

245+ 120

206 (19.90%)

78 (22.41%)
34 (8.90%)

20 (100%)

5(9%)

199 + 3 (70-79%) 0 (0%)

48 + 16 (11-23%)

1247 (2-7%)
11+ 10 (1-8%)

206 (19.90%)

78 (22.41%)
34 (8.90%)

FO-1
F2

22 (38%)

1 (3%)

11 (19%)

20 (34%)

9 (22%)

F3

64 (16.75%)

33 (75%)

64 (16.75%)

F4

P-values were obtained by the unpaired t-test.

the activity of (necro-)inflammation in the liver tissue is impos-
sible for ARFI-SWEI and can be estimated by histology only.

In case of elevated SWV with > F2 (comparable to META-
VIR: portal fibrosis with few septa), the patient history was
scrutinized for further hints of CLD.

Statistical analysis

The results and measurements were presented as the mean =
standard deviation (SD) or percentages, as appropriate. P-val-
ues were obtained by the unpaired #-test. For statistical analy-
sis, we used Microsoft Excel.

Results

A total number of 382 patients were included in the study. Ac-
cording to the results of native ultrasound scan, the participants
were divided into seven different groups (Table 1): controls,
group 1: normal tissue, group 2: steatosis grade 1, group 3:
steatosis grade 2, group 4: steatosis grade 3, group 5: cirrhotic
tissue, and group 6: inhomogenic tissue.

The ARFI results are shown in Figure 2.

Groups 1-4 showed nearly the same distribution of fibro-
sis grading, independent of the steatosis grade: FO-1 68-79%,
F2 11-19%, F3 2-7% and F4 0-8%. In contrast, the part of F4
exceeded over 75% in group 5 corresponding to the native b-
mode. Group 6 showed no signs of fatty liver or cirrhosis. The
liver tissue b-mode scan was described as inhomogenic and
over 91% of the participants in this group had SWV values
indicating > F2. The additional control group (N = 20) had no
signs of fatty liver and ARFI-SWEI SWVs were between 0.70
and 1.00 m/s (median: 0.85 m/s) in the normal range.

The BMI was comparable in all other groups except con-
trols, with highest values for groups 2-4, corresponding to fatty
liver in the b-mode scan. The distribution of the participant
gender in total and more obvious in subgroups 5 and 6 shows
an overlap of male versus female.

Analysis of ALT and thrombocyte count shows elevated val-
ues for ALT in all groups in context with elevated ARFI-SWEI
SWV-values > F2, but also in some patients with FO-1. In total
there were no correlation found (no significance). Thrombocyte
counts were significant reduced in patients with F4 only (Table 2).

Looking for reasons of elevated SWV (> F2) in each group,
we screened the history of those patients for possible liver fail-
ure; this added up to five different main causes: alcoholic (ASH,
N = 43) and non-alcoholic steatohepatitis (NASH, N = 47),
viral hepatitis B/C (N = 12), chronic heart failure (CHF, N =
20), and autoimmune hepatitis (AIH)/primary biliary cirrhosis
(PBC)/primary sclerosing cholangitis (PSC) (N = 10) (Table 3).

Discussion

Liver fibrosis is a major public health problem with risk of de-
veloping LC and HCC. In CLD, the evaluation of liver fibrosis
is essential. Recent studies show that ARFI-SWEI is a reli-
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Table 3. Distribution of Patients With Elevated SWV (F2-4): Main Causes

Group 1 (N=33) Group 2 (N =22)

Group3 (N=9)

Group4 (N=13) Group 5 (N=43) Group 6 (N=53)

ASH 0 8 2
Hepeatitis B/C 3 0 1
Heart failure 7 3 1
NASH 0 9 4
AIH/PBC/PSC 3 0 0
Unknown 20 2 1

5 10 18
2 3 3
1 3

3 16 15
0 3
2 9

able method to evaluate liver stiffness. In our study, we proved
ultrasonography-based ARFI-SWETI elastography for its clini-
cal usefulness as a screening method to uncover liver fibrosis.

The accuracy of ARFI-SWETI is well tested and it is reli-
able in prediction of fibrosis in early stages (= F2) [13, 19].
The sensitivity and specificity of the ARFI-SWEI method is
ascertained of 83-88% and 89-90% and its accuracy, expressed
as area under the curve receiver-operating characteristic (AU-
ROC), is near 1 [13, 19, 23]. Because of its reliability, we
supported that elevated SWV values indicate a possible liver
failure.

Our procedure of ARFI-SWEI was standardized to ensure
that the results of the patients were comparable. ARFI-SWEI
measurement failed in 4.96% (21 of 403 patients) because of
low intercostal access, heightened BMI or uncooperative pa-
tient cooperation. This is comparable to literature data (2.4-
9.4%) [24].

Ultrasound is the most sufficient technique to detect stea-
tosis of the liver and allows morphologic description of the
liver tissue with its potential content of fat. In our study, we
separated the participants with the native ultrasound in three
different groups (groups 2-4) according to the steatosis degree.
Nearly 15-22% of these patients had steatosis and elevated
SWYV corresponding to > F2; the grade of steatosis was inde-
pendent of liver fibrosis stage because the percentage of F2-4
was more elevated in group 2 than in groups 3 and 4 (32% vs.
23% vs. 30). Motosugi et al (2011) found out in 200 individu-
als that steatosis alone without histology assured inflammation
shows normal SWYV values: the SWV results of the fatty liver
group were similar to those of the normal liver group (1.03 +
0.12 vs. 1.02 = 0.12 m/s (P < 0.0001)) and the authors con-
cluded that steatosis alone does not affect the liver stiffness
measurement [25]. Fibrosis > F2 in context with steatosis is
a possible hint for steatohepatitis which can lead to liver cir-
rhosis. In groups 2-4, the leading cause for steatosis seemed
to be (N)ASH. Whereas patients of group 1 (33/131) show el-
evated SWV (> F2) caused by heart failure, viral hepatitis or
autoimmune hepatitis, but in nearly 60% (20/33) of the cases,
the cause of SWV elevation was unclear and further diagnos-
tic was recommended. For group 5, the main reasons for liver
cirrhosis were ASH and NASH (> 50%). Even though the b-
mode scan gave no hints of fatty liver, the fibrotic/cirrhotic
transformation was based on (N)ASH in the past. This was
also supposed for group 6.

ARFI-SWEI is a reliable tool to determine the degree of
liver fibrosis in context of liver failure and CLD. Serological
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marker and b-mode ultrasound alone can underestimate the
progressive liver failure with fibrosis. Only the thrombocyte
count in patients with LC showed significant correlation. (N)
ASH seemed to be the main causes for liver fibrosis in our
study. Both are frequent CLDs in the industrialized world.
Their incidences will raise in the future, especially NASH.
ARFI-SWETI is useful and comfortable for detecting early fi-
brotic alterations of the liver tissue. Consecutively protective
action can be implemented.

Conclusion

The results of our study show that in cases of normal native
ultrasound scan, liver damage can be underestimated; by using
ARFI-SWETI as an additional method, a tissue damage of the
liver can be uncovered for further diagnostic evaluation. The
method is comfortable for the physician and the patient; it is
further useful in cases of known liver damage for a longitudi-
nal follow-up. Liver biopsy with its complications (i.e. pain,
bleeding) can be avoided. The ARFI-SWEI system integrated
in an ultrasound device has a good accuracy and the reproduc-
ibility is high. The evaluation of liver stiffness corresponding
to native ultrasound scan is fast. This procedure is suitable for
preventive measure to uncover CLD comparable to preventive
colonoscopy for colon cancer. Further socioeconomic studies
in view of the preventive effect and costs were necessary.

Our results show that ARFI-SWEI is an adequate method
in terms of fast examination of the liver in routine ultrasound.
In particular fibrosis stage F2 and higher are of interest and for
this ARFI-SWETI has high sensitivity and specificity.
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