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Background: Acoustic radiation force impulse (ARFI) elastography is a reliable diagnostic device for quantitative non-inva-
sive assessment of liver fibrosis in patients with chronic liver disease. The aim of our prospective study was
to evaluate the impact of ARFI in patients after orthotopic liver transplantation (OLT). Therefore, we compared
ARFI shear wave velocities with clinical features, non-invasive markers, and the histology of patients following
OLT.

Material/Methods: Post-transplant patients underwent a clinical examination and blood samples were taken. B-mode and Doppler
ultrasound (US) of the portal vein and the hepatic artery were performed. Subsequently, a minimum of 10 val-
id ARFI values were measured in the left and right liver lobe. Liver biopsy was performed if indicated.
Results: Between May 2012 and May 2014, 58 Patients after OLT were included in the prospective study. Laboratory
markers and aspartate aminotransferase-to-platelet ratio index (APRI) correlated with ARFI values (r=0.44,
p<0.001). The histological (n=22) fibrosis score (Ludwig) was significantly correlated with the ARFI of the biop-
sy site (r=0.55, p=0.008). The mean shear-wave velocities were significantly increased in advanced fibrosis (F<2
1.57+0.57 m/s; F>3 2.85+0.66 m/s; p<0.001), obstructive cholestasis and active viral hepatitis. The area under
the receiver operating characteristic (AUROC) curves for the accuracy of ARFI were 74% (F>1), 73% (F>2), 93%
(F>3), and 80% (=F4).

Conclusions: ARFI elastography correlates well with laboratory values and with noninvasive and invasive markers of fibro-
sis in patients after OLT. In this regard, elevated ARFl-velocities should be interpreted with caution in the con-
text of obstructive cholestasis and active viral disease.
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Background

Noninvasive imaging techniques for staging of liver fibrosis
have become increasingly popular in patients with chronic
liver disease. Although liver biopsy is the criterion standard
for assessment of morphological liver alterations, it has the
disadvantages of an invasive procedure with rare but clinical-
ly relevant complications. In addition, technical aspects such
as sampling errors, small portal tract count, and variabilities
among pathologists must also be taken into account. It has
been shown that transient elastography (TE) and acoustic ra-
diation force impulse (ARFI) are reliable techniques for diag-
nosing and excluding liver cirrhosis. In the clinical management
of transplant patients, the value of these techniques, especial-
ly the role of ARFI, is not yet well established. Continuous im-
provements in surgical techniques and immunosuppression
regimens have greatly improved the long-term results after
liver transplantation. However, some patients develop acute
complications after surgery (e.g., stricture of anastomosis, in-
fections, acute rejection) or chronic complications during im-
munosuppressive treatment (e.g., chronic rejection, disease-re-
lapse, drug-induced renal or hepatic complications) [1,2]. High
liver stiffness (TE) due to advanced fibrosis is accompanied by
hepatic complications, mortality, and potentially the need for
re-transplantation [3,4]. Postoperative B-mode and Doppler
US are standard procedures for the assessment of liver graft
complications. Based on the combined information of abnor-
mal laboratory findings, US findings and clinical symptoms liv-
er biopsy (LB) can be indicated. Whether the assessment of
liver stiffness is helpful for the management of post-OLT pa-
tients is currently unknown. Some studies have shown a cor-
relation of TE with non-viral graft disease, rejection, and grade
of fibrosis in patients with recurrent viral hepatitis C with or
without antiviral treatment after OLT [5-7]. ARFl imaging is a
promising US-based elastography device, which is based on
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short experience in the follow-up of post-OLT patients [8-11].
In contrast to TE, ARFI is not limited in patients with ascites
and severe obesity due to technical failures [12]. ARFI is in-
cluded in a conventional ultrasound machine and it can there-
fore be performed during a conventional B-mode examination
of post-OLT patients (Figure 1). In this prospective study we
analyzed ARFl-values in asymptomatic and symptomatic pa-
tients following OLT and correlated the results with invasive
and non-invasive parameters of fibrosis and clinical condition.

Material and Methods

Patients

Between May 2012 and May 2014, consecutive patients after
OLT were recruited for the study during their follow-up visits.
Patients were asked to participate in additional assessment
of ARFI elastography. One patient had to be excluded because
the ARFl-examination was unable to produce reliable values.
A total of 58 patients were able to be considered for further
evaluations. Prior to patient enrollment, the local ethics com-
mittee approved the project and the prospective study was reg-
istered (ClincalTrials.gov Identifier: NCT01664780). Written in-
formed consent was obtained from all the patients. Descriptive
data (sex, age, body-mass-index (BMI), period of time since
the OLT, cause of liver failure or end-stage liver disease pri-
or to OLT, and current immunosuppression) and blood sam-
ples (total bilirubin, AST, ALT, y-GT, AP, albumin, and platelet
count) were evaluated. Thereafter, the aspartate aminotrans-
ferase-to-platelet ratio index (APRI) was calculated as a non-
invasive parameter for liver fibrosis [13] (Table 1). B-mode
US examination of the abdomen and Doppler measurements
(peak systolic velocity and resistance index (RI) in the hepat-
ic artery and the mean portal vein velocity) were performed

Lebersegment 7
Vs=1,65 m/s
Tiefe=4,9 cm

Figure 1. Ultrasound examination in a patient after orthotopic liver transplantation [Fibrosis stage (Ludwig) F2] (A) B-mode US
showing irregular hepatic veins, inhomogeneous parenchyma, and an irregular liver surface. (B) ARFI elastometry during real-
time B-mode US. Placement of the quadratic cursor in the region-of-interest by an intercostal approach in the right liver lobe

(Segment VII). ARFI shear-wave-velocities (Vs) are displayed in m/s and the depth of measurement in centimeters (cm).
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Table 1. Patient characteristics (laboratory standard value or value range in parentheses). Correlation of individual parameters with

mean ARFl-velocity in the right liver lobe.

Patient characteristics r* p-value
Total (n) 58 (100%)
CMae@ 3% @%  -010 ns.
CFemale®) 2 @ew o1l ns.
AgeearssmeansD) sse12 -035  paos
| BWI (kg/m?mean,SD)  259s1 040 pw00s
Vearssince OIT (mean,sD) 6232  -025 ns.

Causes of liver failure or end-stage liver disease n

Hepatocellular carcinoma

15 (26%)
"""""""""" Boew
""""""""""" 6 aw
””””””””””” 5w
””””””””””” A
””””””””””” S
””””””””””” N
””””””””””” o aew

None 1 (2%)
CGAorTACmono s 6%
CevE+Steod Loew
CTACorCSAEMME Lo oee
TACorCSA+MMF+Sterd & )
CEVE+MME+Steod e
Laboratory values and APRI-Score Mean +SD r* p-value
Total bilirubin (<1.1 mg/dl) 1.15+1.6 0.45 p<0.001
CasT@souny aose06 052 poool
CaT@souy  soasa 044 pwoool
yeT@eouny 146622349 033 paoos
ap@oouny 15048146 042 poos
Abumin @s-ssmg/d) ase2 03  pwoos
Platelet count (140-400x10%4) 19108856 006 ns
CARLSCOR 083135 044  poool

* Correlation coefficient (r); BMI — Body Mass Index; OLT — orthotopic liver trans
EVE - Everolimus; MMF — Mycophenolate mofetil.
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prior to ARFI by 1 experienced sonographer with more than
9 years of experience in US (German Society of Ultrasound in
Medicine [DEGUM] Level 2).

ARFl-assessment

ARFI is a device integrated in a conventional US system.
Elastometry can be performed during real-time B-mode US
with a single transducer of the Acuson $2000 US system
(Virtual Touch™ Tissue Quantification, Siemens Acuson S2000,
Siemens Medical Solutions, Erlangen, Germany). A quadratic
cursor with a size of 10x5 mm representing the anatomic re-
gion of interest to be measured is placed in the requested area
of the liver parenchyma. At the push of a button a short-du-
ration acoustic pulse is transmitted, which leads to localized
tissue displacement and consecutive shear wave propagation
away from the area of excitation. The share wave propaga-
tion velocity (expressed in m/s) is proportional to the square
root of tissue elasticity within the cursor [12,14].

All patients in our study were in the fasting state and followed
the instruction for a relaxed breathing arrest. ARFl imaging
was performed on the same day as the clinical examination
and blood withdrawal with a curved array transducer (6C1HD;
4 MHz) of the Acuson S2000 US system. Ten valid measure-
ments in the left (Segment Ill) and right (Segment VII) hepatic
lobe could be achieved in all patients, avoiding large vessels
or bile ducts [15]. The time needed to perform all ARFI mea-
surements was approximately 5-10 min.

Liver biopsy, histological grading, and staging

Liver fibrosis shows slow progression and implies potential
complications (e.g, risk of significant bleeding, pain). Therefore
consistent LB was not an inherent part of the study protocol
due to ethical reasons (especially for asymptomatic patients)
and was performed if indicated in patients with suspected graft
damage. The histological data of 22 patients was available for
further analysis. Biopsy had been performed sonographically
guided with a core tissue needle (external diameter 18G; 2.2
cm sample notch) in our department. Biopsy specimens of all
patients were fixed in formalin (10%) and analyzed by an ex-
perienced pathologist, in the Institute of Pathology, University
Hospital Erlangen. The Ludwig score [16] classification was
used for graduation of the degree of fibrosis (FO=no fibrosis,
F1=minimal portal fibrosis, F2=moderate periportal fibrosis
with no architectural distortion, F3=substantial septal fibrosis
with architectural distortion, and F4=liver cirrhosis).

Statistical analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences (Version 19.0.0.1, IBM SPSS statistics,

Wildner D. et al.:
Impact of acoustic radiation force impulse imaging...
© Med Sci Monit, 2014; 20: 2027-2035

New York, USA). Clinical and laboratory data of the patients
and ARFl-values are expressed as mean + standard deviation
(SD), counts, and percentages, as appropriate. The relation-
ships between variables were examined using Spearman’s two-
tailed pairwise correlation coefficient (r). Continuous variables
of independent groups were calculated with the t-Test. Non-
parametric tests were chosen to compare median values of 2
independent samples by Mann-Whitney U test in non-normal-
ly distributed data. Diagnostic accuracy and ARFI cutoff val-
ues were evaluated by using receiver-operating characteristic
curves (ROCQ). All tests were two-sided. A p-value <0.05 indi-
cated a significant correlation or difference.

Results

A total of 58 post-transplant patients [37 men (64%) and 21
women (36%); age 55 years +11.9; mean BMI 25.9kg/m? +4.10;
years since OLT 11.64+23.16] gave written informed consent
and were included in the prospective study. The main causes
of liver failure or end-stage liver disease were hepatocellular
carcinoma (26%), alcoholic liver disease (22%), and viral hep-
atitis (17%). Patient characteristics and laboratory values are
described in Table 1. Most patients had several conspicuous
findings of B-mode US of the abdomen but normal findings
by means of Doppler US parameters. Splenomegaly [n=36
(62%)], an irregular surface [n= 27 (47%)], irregular course of
the hepatic veins [n=22 (38%)], and an inhomogeneous tex-
ture of the parenchyma [n=23 (40%)] were most common-
ly found. The peak systolic velocity of the hepatic artery was
60.1 cm/s + 21.4 (range 30-138) with a mean Rl of 0.69+0.10
(range 0.4-0.9), and a mean portal vein velocity of 28.7 cm/s
+12.8 (range 13-78). A statistically significant correlation of
mean ARFl values was found with the age (r=—0.35, p<0.05)
and BMI (r=-0.40, p<0.05). In addition, a good correlation of
the most important laboratory parameters such as bilirubin
(r=0.45, p<0.001), AST (r=0.52, p<0.001), ALT (r=0.44, p<0.001),
v-GT (r=0.33, p<0.05), and AP (r=0.42, p<0.05) could be proven.
The APRI score as a non-invasive parameter for liver fibrosis
correlated well with the mean ARFI velocity in the right liver
lobe (r=0.44, p<0.001). The mean ARFI shear-wave velocity in
our cohort (n=58) was 2.00+0.93 m/s (range 0.71-4.31) in the
left liver lobe and 1.39+0.63 m/s (range 0.75-3.74) in the right
liver lobe, and a significant difference of shear-wave velocity
between both liver lobes was detected (p<0.001). Out of all pa-
tients, ARFI values were significantly increased in case of cho-
lestasis and active viral hepatitis (Figure 2). Histopathological
findings of 22 patients were available for further analysis in
our cohort. Nine patients (15.5%) had a rejection, 10 patients
(11%) had a distinct inflammation, and 5 patients (7%) had
a significant fibrosis (>F3). The histological fibrosis score [16]
correlated significantly with ARFI results of the biopsy site
(r=0.55, p=0.008). No significant difference could be found in
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Table 2. ARFI shear-wave velocities (mean + standard deviation): distribution of values dependent on the site of determination,
cholestasis, presence of active viral hepatitis, and histological classification after LB.

Total (n=58) ARFl-velocity (m/s) Intra-individual Standard Deviation p-value

Segment Ill (n=58) 2.00+0.93

0.31+0.19

Active viral hepatitis Yes (n=10) 2.03+0.94

0.22+0.15

Rejection No (n=13) 2.04+0.92
RejectionYes (1=9)  160:049
inflammation No (=12 168067
inflammation Yes (n=10) 2084090
Fibrosis stage 02 (1=17) 157057
Fbrosis stage >3 (1=5) 2851066

0.25+0.17
""""""""""""""""""""""""""""""""""""""""""" n.s

0.17+0.07

0.20+0.15
""""""""""""""""""""""""""""""""""""""""""" n.s

0.23:0.14

0.170.07
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr p<0.001

0.38+0.20

comparison of the subgroups with existence or absence of re-
jection, steatosis, or portal/lobular inflammation in histology.
The mean shear-wave velocity in cases with advanced fibro-
sis was significantly increased [FO-2: 1.57+0.57 m/s vs. F>3:
2.85+0.66 m/s; p<0.001)]. ARFI correlations and distribution
of values throughout the subgroups are displayed in Tables
1 and 2, and Figure 2. The results of ROC analysis for the as-
sessment of diagnostic accuracy of ARFI considering staging
of liver fibrosis are displayed in Table 3 and Figure 3. The di-
agnostic performance of ARFI for the prediction of advanced
fibrosis (>F3) was significant, assuming an ARFI cutoff val-
ue of 2.02 m/s (AUC 92.9%; p=0.004; sensitivity 100%, spec-
ificity 88%).

Discussion

The results of our study show the significant correlation be-
tween ARFI values and liver fibrosis during follow-up examina-
tions of post-OLT patients. We demonstrated the distribution
of ARFI values for the distinction of different fibrosis stages.
Furthermore, a clear correlation of ARFI and noninvasive labo-
ratory markers of inflammation and fibrosis was found.

Non-invasive methods such as the ARFI or TE have increasing
importance in the surveillance of patients following OLT as part
of the daily routine and also as a supplement for clinical ex-
amination and laboratory diagnostics [7]. Assessment of fibro-
sis can be examined quickly and non-invasively for this group

of patients by elastography. There is an extensive amount of
data published on this subject, especially in patients with ex-
isting hepatitis C infection; TE was primarily used for investi-
gation in post-OLT patients [6,17-22]. However, it should be
noted that TE has some limitations. It is dedicated to specific
equipment not included in an US machine, measurements are
based on M- and A-mode imaging, but no B-mode information
is available. Measurements of TE are difficult in patients with
severe obesity and impossible in patients with ascites. ARFI
is included in a conventional US machine; therefore, B-Mode
information and the elastography measurement can be per-
formed quickly using a single device and can thus expand the
range of statement against TE [8,23]. The US-guided device
makes it possible to identify the most appropriate place for
the elastographic measurements and thereby enables valid re-
sults to be achieved in the majority of patients [24] (Figure 1).
Thus, it seems to be obvious to apply ARFl imaging in the post-
transplantation settings. A combination with noninvasive pa-
rameters may even improve sensitivity and specificity [10,25].

The aim of this prospective study was to evaluate the ARFI
method on a routine collective of patients with successful liver
transplant due to different underlying diseases and to corre-
late these findings with clinical parameters such as laboratory
results and histology. US is the most frequently used imaging
modality to assess acute or chronic post-transplantation com-
plications. Beside the presentation of the parenchymal pattern,
the structure of the biliary and vascular system shows various
postoperative alterations. In the early postoperative condition,
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foreign material and reperfusion of the donor organ might lead
to a temporary reduced gray-scale texture and inhomogene-
ity of the liver parenchyma. Echogenic reflexes might appear
as a result of air-trapping, hemorrhage, or thrombotic materi-
al along the portal venous system. These factors also have an
influence on objective parameters of Doppler US. In the most
common biliary complications of anastomotic stenosis, isch-
emic type biliary lesions and postoperative biliary leakage are
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Stage of liver fibrosis Active viral hepatitis
B Figure 2. Acoustic radiation force impulse imaging elastometry
4 in patients following OLT. Box plots [median as thick
» 48 line through each box which represents interquartile
range within which 50% of values are located, first and
34 » 57 third quartile, error bars mark minimum and maximum
_ ok values (range), * outlier] showing the significantly
£ 055 increased ARFl-values in patients with (A) an advanced
g 5 018 degree of fibrosis >F3 (Ludwig Score); (B) cholestasis
§ and (C) active viral hepatitis.
£
1. the focus of the sonographer. Although high-resolution imag-
ing in real-time is feasible by US and despite the fact that it
is able to provide a high level of specificity, low sensitivities of
0+ approximately 60% are reported, with limitations to its appli-
No Yes cation in this regard [26]. Many of the structural changes are
Cholestasis reversible or are not representable by US (e.g., the recipients’
part of the common bile duct or hepatic artery). They there-

fore might provide unreliable parameters for the estimation of
a possible graft injury and lead to a high rate of false-positive
results and the need for further diagnostics [8,17,23,27]. In our
study, 47% of the allografts showed an irregular surface, 40%
showed inhomogeneous parenchyma, 38% showed irregular
hepatic veins, 31% showed an enlarged liver, and 12% showed
cholestasis (10 patients with anastomotic stenosis, includ-
ing 7 with obstruction of the bile ducts and consecutive cho-
lestasis). ARFl-values correlated well with laboratory markers

Table 3. ROC analysis for the diagnostic accuracy and cut-offs of ARFI velocities for evaluating the stage of liver fibrosis.

Fibrosis Standard
stage error

p-value

95% Confidence Interval

Lower bound Upper bound

Cutoff value Sensitivity  Specificity
(m/s) (%) (%)
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Figure 3. Receiver operating characteristic curves for the determination of different stages of liver fibrosis by ARFI.

of cholestasis and sonographic cholestasis (r=0.29; p<0.05).
ARFl-velocity was significantly increased in patients with cho-
lestasis in our collective (no cholestasis 1.33+0.59 m/s vs. cho-
lestasis 1.83+0.84 m/s; p<0.05). Comparable results could be
derived in active viral hepatitis. Our data illustrates signifi-
cantly increased ARFI values in active viral hepatitis (Table 2).
Therefore, increased ARFl-values in patients with cholestasis
or active viral hepatitis could be misinterpreted as existence
of significant liver fibrosis [23]. On the other hand, this could
be an advantage in the follow-up of patients with a surpris-
ing increase in ARFI values. Since the appearance of signifi-
cant obstructive cholestasis or viral activity could be detected
early, further treatment could be initiated in time.

In the current study, the ARFI values also correlated significant-
ly with patient characteristics such as BMI and age, but espe-
cially with the level of liver enzymes (AST, ALT, y-GT, AP, biliru-
bin) and APRI. These expected results could be verified because
the liver stiffness correlated in previous studies using ARFI or

TE following OLT not only with the fibrosis stage, but also with
necroinflammatory activity, cholestasis, steatosis, and cellular
rejection [7,8,28,29]. In patients with HCV-infected liver trans-
plants (n=56) Corradi et al. [21] prospectively compared non-
invasive fibrosis tests, such as ARFI, Forns, Benlloch, and the
Doppler resistance test with TE. Here, a correlation with the test
results and elastography measurements was observed, leading
to the identification of >F2 fibrosis in the elastography with
very high accuracy. This superiority of elastography compared
with non-invasive laboratory tests has also been confirmed in
other studies [17,18,20]. In a study of 124 patients with suc-
cessful liver transplantation for chronic hepatitis C, an excel-
lent correlation between the histological stage of fibrosis and
liver stiffness could be determined by means of TE, showing
a cut-off of 8.7 kPa with a sensitivity and negative predictive
value of »0.90 in all cases [30]. These results were confirmed
by several complementary studies and 2 systematic reviews.
Based on these study results, the cut-off values for the detec-
tion of patients with >F2 fibrosis vary between 7.9 and 10.1
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kPa, while the cut-off values for cirrhotic transplanted with ca-
daver donation range from 12.0 to 12.5 kPa [6,17-22,31,32].
Adebajo et al. showed an even higher level of accuracy in HCV
patients as regards the prediction of F2—4 fibrosis in patients
with transplants as compared to those without [17]. Here, we
could also identify a correlation between the measured ARFI
values and the examined APRI-Score in our cohort, which re-
flects a correlation between the ARFI values and liver fibrosis
[correlation between APRI value and ARFI velocity in the right
liver lobe: (r=0.44, p<0.001)]. Although APRI as a noninvasive
marker of fibrosis correlated well with advanced fibrosis and
cirrhosis, ARFI elastometry performed better than noninvasive
markers (correlation for >F3: APRI: r=0.446, p=0.038; ARFI:
r=0.620, p=0.002) in the present study. In conclusion, the ini-
tial absolute ARFI values and their changes during the clinical
follow-up must be interpreted in combination with anamnes-
tic information and laboratory values.

The ARFl-elastography in transplanted patients showed high-
er absolute values compared to previously published data of
patients without transplantation. A shear wave velocity of
1.3940.63 m/s in the right and of 2.00+0.93 m/s in the left
lobe of the liver could be measured in the currently exam-
ined transplanted collective (n=58). This difference of values
from measurements in the left and right liver lobe is in accor-
dance with data from non-transplant patients (Goertz RS et al.
[23] right liver lobe 1.07+0.18 m/s, left liver lobe 1.48+0.44).
Therefore, the recommendations for ARFI measurements in
the right liver lobe (in Segment VII) should also be respected
in post-OLT patients [23].

In our cohort we found mean ARFI values of 2.85+0.90 m/s
for patients with >F3 fibrosis, while the shear wave veloc-
ities in patients with FO-2 fibrosis were significantly low-
er (1.57+£0.57 m/s). Thus, a clear differentiation between
low- and high-grade fibrosis after OLT seems to be possible.
Several studies in non-transplant patients have reported that
ARFI imaging provides good diagnostic performance and ex-
cellent accuracy for assessing hepatic fibrosis in chronic liver
disease [33,34]. For fibrosis staging by ARFI elastography in
post-OLT patients, only short experience is available [8-11].
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Heterogeneous patient collectives (etiology, comorbidity, and
disease course) in the post-transplant cohort hinder the com-
parison and realization of large prospective clinical studies.
However, Liao et al. [11] recently presented a satisfactory cor-
relation of ARFI values and fibrosis stage. The AUC for early
fibrosis (>F1) was 72.1%, assuming the ARFI cutoff value of
1.058 m/s (sensitivity 95.5% and specificity 25.7%). A limita-
tion of the study is the small amount of advanced fibrosis (n=3
for >F2; total n=57) and the absence of cirrhotic (n=0 for F4)
patients after OLT. Focusing on the results of our study, the
areas under the ROC curves for patients with advanced fibro-
sis (>F3) and cirrhosis (>F4) were 92.9% and 80%, respective-
ly (Figure 3). Thereby, the cutoff values are arranged discrete-
ly higher (Table 3).

On the basis of our data, we can show that post-OLT patients
present higher absolute ARFI values compared to the normal
population. OLT patients with elevated liver enzymes, cho-
lestasis, acute viral hepatitis, and fibrosis show significant-
ly increased ARFI velocities. Therefore, ARFl-values must be
interpreted within the context of serum tests and the clini-
cal condition.

Conclusions

In patients after OLT, ARFI imaging quickly provides informa-
tion on liver fibrosis during on-site examination, irrespective
of unclear grey-scale or Doppler US parameters. Therefore, un-
necessary diagnostics and interventions in cases involving low
values might be reduced in the clinical context. In summary,
ARFl is a promising additional tool in the daily routine care of
patients after OLT. For this to be verified, it is necessary that
further validations in patients after OLT should be carried out
in larger collectives.
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