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Abstract

Background: Liver transplanted patients need close surveillance for early signs of graft disease.
Objectives: Transient elastography can safely be repeated over time, offering serial liver stiffness measurement values. Serial stiff-
ness measurements were compared to single baseline stiffness measurements in predicting the appearance of liver-related clinical
events and guiding subsequent clinical decisions.
Methods: One hundred and sixty liver transplanted patients were observed for three years in our real-life practice.
Results: Liver stiffness measurements were stable in 75% of patients, decreased in 4% of patients, and increased in 21% of patients.
The pattern of increased stiffness measurements was associated with both HCV-RNA positive status and the presence of an active
biliary complication of liver transplantation and was more predictive of a clinically significant event resulting from any disease
of the transplanted liver when compared to a stable pattern or to a single liver stiffness measurement. The procedures that were
consequently performed were often diagnostic for unexpected situations, both in HCV-RNA positive and HCV-RNA negative patients.
Conclusions: The pattern of longitudinally increased liver stiffness measurements efficiently supported clinical decisions for indi-
vidualized management strategies. Repeated transient elastography in real-life clinical practice appears to have a practical role in
monitoring liver transplanted patients.
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1. Background

Liver transplantation has progressed to become an ac-
ceptable means for the treatment of end-stage liver dis-
ease, and survival outcomes have dramatically improved
over the years. The challenge of managing thousands of
liver transplant survivors, surely still increasing in num-
ber, is common in all developed countries.

Management of liver transplanted patients (LTPs) aims
to prevent and treat any graft disease as well as to im-
prove the quality of a patient’s life. During post-transplant
follow-up, transplant hepatologists routinely carry out
a large variety of laboratory and instrumental controls
to identify graft damage. Morbidity and mortality are
closely related to liver fibrosis development during the
process that leads to cirrhosis and end-stage liver disease.
Liver biopsy still has a central role in this process: to
grade fibrosis, to exclude a rejection phase, and to pre-
dict the course of liver graft disease by identifying sev-
eral different etiologies (1). However, liver biopsy has sub-
stantial limitations, including sampling error, intra- and
inter-observer variability, infrequent but potentially se-
vere complications, and significant costs (2). Thus, alter-
native non-invasive tools have also been introduced into

the liver transplant setting for the detection of graft fibro-
sis (3). Vibration-controlled transient elastography (VCTE)
is a “user-friendly” and non-invasive technique that mea-
sures liver stiffness, a parameter primarily related to the
degree of liver fibrosis. It is regularly used because fibro-
sis is a common element of progression for all chronic
liver diseases from any cause. Liver stiffness measurement
(LSM) (using the Fibroscan® device) has been shown to ac-
curately predict liver fibrosis severity in patients with a va-
riety of clinical conditions, even if the LSM may be influ-
enced by several factors in addition to fibrosis, including
hepatitis-associated necroinflammatory activity (high cy-
tolysis), cholestasis and vascular congestion (4), steatosis
(5), measurements in post-prandial status (6), and extra-
hepatic obstructive cholestasis (7, 8). All of these factors
can lead to a misdiagnosis of the “fibrosis” that is present.
However, the combination with serum marker of fibrosis
can increase the usefulness of the LSM in clinical practice,
although with a potential increase of costs (9). Despite
these intrinsic limitations, the use of LSM was introduced
both in Europe and in the USA with an explicit role in the
evaluation of transplanted liver (10, 11).

One of the advantages of LSM compared to liver biopsy
is that it can easily be repeated over time, as a routine or on-
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demand procedure, offering repeated serial values. The ba-
sic hypothesis of the present study is that such consecutive
values may define the trend of the LSM value over time (in-
crease, stability or decrease) within the same case. In this
study, we evaluated the role of VCTE serial LSMs in monitor-
ing LTPs, detecting the presence of graft damage and select-
ing those LTPs needing liver biopsy or any other procedure.

2. Methods

2.1. Patients

Two hundreds and twenty-six patients, all transplanted
(222 with cadaveric whole livers and 4 with split livers) in
centers far from our peripheral liver unit (Torino 116, 51%;
Pisa 27, 12%; Padova 18, 8%; other Italian centers 38, 17%; for-
eign centers 27, 12%), were followed and constantly moni-
tored by usual laboratory tests and ultrasound studies of
vascular arterial and portal venous flows.

The main inclusion criterion in the present study was
to have been evaluated at least three times by VCTE, per-
formed in our unit, between September 2011 and Septem-
ber 2014. Sixty-four LTPs were then excluded because of the
absence of at least three LSMs in 17 cases (26%), death in
23 (36%), dropout in 18 (28%), unsuccessful LSM for obesity
with thickness of the thoracic wall in 3 (5%) or for ascites in
3 (5%).

2.2. Liver Stiffness Measurement (LSM)

VCTE was routinely performed at 6-month intervals, or
shorter if indicated by clinical suspicion of an illness such
as an increase in indices of cytolysis or cholestasis.

Elastographic measurements were performed using
the Fibroscan® M probe (Echosens, Paris, France) follow-
ing the standardized procedure (12) after at least 12 h of fast-
ing. The results were expressed in kilopascals (kPa), and a
median value of 10 acquisitions was considered for analy-
sis.

LSM was assessed for reliability by interquartile
range/median ratios (IQR/M) and was assessed as “very
reliable” or “reliable” according to Boursier et al. (13).

The procedures were performed by two independent
investigators (L.R. and G.V.) who had undergone, before
September 2011, a previous training period in which each
of them had executed more than 100 VCTE measurements.

On the pragmatic assumption that the first observa-
tion of a clinical control attempts to detect a significant
sign of graft disease, patients were classified after their first
LSM as having significant fibrosis (≥ F2 Metavir) or cirrho-
sis (F4 Metavir). LSM cut-off values were arbitrarily chosen
for this paper according to previously published data (14):
< 7.1 kPa defined the normal/mild fibrosis group;≥ 7.1 kPa

defined the group with significant fibrosis (≥ F2); and ≥
12.5 kPa defined those with cirrhosis (F4).

An “increased over time” change in LSM value (IOT-
LSM) was defined as significant when, in three or more
measurements performed at least 3 months apart, we ob-
served a 20% change≥ 2 kPa from the basal value and if the
last measurement was > 7.1 kPa. A “decreased over time”
LSM (DOT-LSM) was defined when, in three or more mea-
surements performed at least 3 months apart, we observed
a 20% reduction ≥ 2 kPa from the basal value irrespective
of the last measurement. Patients who did not meet these
definitions were classified as “stable” (SOT-LSM) (i.e., their
successive LSMs were not significantly different from the
baseline LSM).

2.3. Other Definitions

Diagnosis of chronic liver disease was made by stan-
dard criteria, and HCV reinfection was defined by detec-
tion of HCV RNA in serum samples after liver transplanta-
tion. In addition, a liver biopsy was performed to stage and
grade the disease and to exclude other concurrent disor-
ders.

The outcome “occurrence of liver cirrhosis” was ei-
ther diagnosed by liver histology or, when no liver biopsy
was available, by evident signs of cirrhosis in ultra-
sound/endoscopic investigations (in all cases of suspected
cirrhosis, an upper GI endoscopy was performed).

Ascites, variceal bleeding and encephalopathy were all
contained within the category called “decompensation”.

The composite item “clinical event” indicates a more
composite outcome (decompensation + diagnosis of cir-
rhosis and liver-related death).

The item, arbitrarily defined in this paper as “biliopa-
thy”, generically defines the broad spectrum of diseases of
the entire biliary tract, including intrahepatic and extra-
hepatic bile ducts, that may occur after a liver transplant.

2.4. Statistical Analysis

The results are presented as median values (range)
for continuous variables and as percentages for categor-
ical variables. Chi-square or Fisher’s exact tests were
used to compare categorical variables, and differences be-
tween unpaired quantitative variables were analyzed by
the Mann-Whitney test. A P < 0.05 was considered to be
significant. A simple scatterplot was used to determine
whether a relationship between kPa measured with VCTE
at baseline and kPa measured the time after liver trans-
plantation was present.

Host-related features that showed statistically signif-
icant differences between SOT-LSM and IOT-LSM were en-
tered into a multivariable binary logistic regression anal-
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ysis to assess their relationship with IOT-LSM. Addition-
ally, another binary logistic regression analysis to assess
variables associated with the F4 stage at baseline was per-
formed. Diagnostic values to predict the occurrence of an
adverse outcome of IOT-LSM and baseline values of fibro-
sis classified by VCTE were assessed by calculating the ar-
eas under the receiver operator curve (AUROC). The sensi-
tivity, specificity, positive predictive value (PPV) and neg-
ative predictive value (NPV) were also determined to as-
sess the accuracy of predetermined IOT-LSM status. The
ability of SOT-LSM and IOT-LSM to predict the development
of graft cirrhosis, liver decompensation and graft/patient
survival was assessed with Kaplan–Meier curves using log
rank tests; censored cases are included in the curves. Data
were censored on the date of the last visit or occurrence of
adverse outcomes, defined as death or ascites. Deaths for
causes other than those that were liver-related were con-
sidered as censored.

Statistical analyses were performed with SPSS 13.0 soft-
ware (SPSS Inc., Chicago, IL, USA).

The nature of the study was explained to the patients,
who provided written informed consent before entry into
the study, or, when they could not be contacted, their data
were analyzed in a blind fashion, in accordance with the
principle of the Declaration of Helsinki (Edinburgh revi-
sion, 2000).

3. Results

3.1. Patient Characteristics

One hundred and sixty-two liver transplanted patients
(LTPs) had at least three valid longitudinal LSMs, each at a
maximum of a 6-month interval, during the 3-year period
of the study. One hundred and twenty-four patients (76%)
were male. The median recipient age was 54 years at LT
(range 18 - 67) and 60 years at first LSM (range 27 - 70).

Causes of liver disease leading to LT were HCV alone (n
= 60, 37%), HBV or HBV/HDV (n = 59, 36%), alcohol (n = 13, 8%),
and others (19%: 12 co-infected HCV/HBV, 4 HCV/NAFLD, 4
HCV/alcohol, 4 non-alcoholic steatohepatitis, 4 cholestatic
liver disease, 1 polycystic liver, 1 liver adenomatosis). Im-
munosuppression included steroids in all patients who
were evaluated for the first time during the first 6 months
after LT (23, 14%). Cyclosporine and tacrolimus were com-
bined to mycophenolate (mofetil or sodium) in 77 patients
(47%). Mycophenolate was given as monotherapy in 8 pa-
tients (5%).

3.2. Baseline LSM

LTPs had basal LSMs over a broad range of time after
their liver transplant (2-252 months, median 60 months)

when they started to be monitored at our center; this was
expected because of the unselected composition of the co-
hort. The allocations of LSM at first determination after LT
in Metavir F0-F1, F2-F3 and F4 stages were 114 (70%), 24 (15%)
and 24 (15%), respectively.

Statistically significant differences were found be-
tween F4 and non-F4 groups with a higher presence of
virus C and diabetes and higher values of ALT in F4 groups.
After binary logistic regression analysis, only hepatitis
viremic C status was identified as the independent variable
(p=0.03). Additionally, the baseline LSM was not related to
the time elapsed since transplantation (p=0.68), as shown
in Figure 1.

Figure 1. Scatter Plot Showing the Absence of Correlation Between the Liver Stiffness
Measurement at First Observation and Months After Liver Transplantation
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LSM, liver stiffness measurement; LT, liver transplantation.

3.3. Dynamic LSM

Repeated serial LSM remained stable over time (SOT-
LSM group) in 121 patients (75%), while 35 (21%) LTPs showed
a significantly increased kPa over time (IOT-LSM group).
Only 6 out of 162 (3.7%) transplanted patients in our cohort
met the definition of DOT-LSM.

Stable and increased LSM groups differed in several as-
pects, as shown in Table 1. The IOT-LSM group had more se-
vere fibrosis at baseline with respect to the SOT-LSM group;
the allocation according to Metavir F0-F1, F2-F3 and F4 of
first baseline LSM was 100 (83%), 12 (10%) and 9 (7%) in the
SOT-LSM group and 14 (40%), 11 (31%) and 10 (29%) in the IOT-
LSM group (P < 0.0001, P = 0.002, P = 0.001, respectively).

IOT-LSM was more frequently observed in patients
transplanted as a result of HCV-related disease (80%), still
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Table 1. Demographic and clinical characteristics of the 156 patients included in the study (4 LTP with decreased over time LSM were excluded). LSM, liver stiffness mea-
surement; SOT-LSM, stable over time LSM; IOT-LSM, increased over time LSM; LT, liver transplantation; LTP, liver transplanted patients; BMI, body mass index; ALT, alanine
aminotransferase.

Stable SOT-LSM Group (n = 121) Progressive IOT-LSM Group (n = 35) P Value

Clinical parameters

Gender, male, n (%) 96 (79.3) 24 (68.6) 0.18

Age at LT, years median (range) 53 (18 - 67) 56 (30 - 66) 0.15

Age at first LSM, median (range) 60 (27 - 75) 62 (39 - 70) 0.86

Months after LT at baseline LSM, median (range) 60 (2 - 252) 60 (2 - 228) 0.44

Transplant for HBV disease, n (%) 60 (49.6) 6 (17.1) < 0.001

Transplant for HCV disease, n (%) 41 (33.9) 28 (80.0) < 0.0001

Transplant for other liver diseases, n (%) 20 (16.5) 1 (3.0) 0.17

Cyclosporine-based immunosuppression, n (%) 35 (28.9) 17 (48.6) 0.03

Tacrolimus-based immunosuppression, n %) 70 (57.8) 17 (48.6) 0.33

Other immunosuppressants, n (%) 16 (13.2) 1 (2.8) 0.08

HCV-RNA positive at baseline LSM, n (%) 28 (23.1) 25 (71.4) < 0.0001

Elevated ALT levels, n (%) 19 (15.7) 21 (60) < 0.0001

Comorbidities

Diabetes, n (%) 28 (23.1) 8 (22.8) 0.97

Hypertension, n (%) 73 (60.3) 18 (51.4) 0.35

Chronic renal failure, n (%) 38 (31.4) 11 (31.4) 0.99

Overweight, BMI (Kg/m2) > 25 < 30, n (%) 87 (71.9) 23 (65.7) 0.48

Obese, BMI (Kg/m2) >30, n (%) 22 (18.2) 4 (11.4) 0.34

Biliary complications after LT, n (%) 22 (18.2) 14 (40.0) 0.007

Liver stiffness measurement (LSM)

LSM at first observation, kPa median (range) 5.4 (3.1 - 35.3) 9.3 (4.8 - 32.0) < 0.0001

LSM at last observation, kPa median (range) 5.3 (3 - 34.8) 20.4 (8.3 - 75) < 0.0001

Observed clinical events 2 (1.6) 24 (68) < 0.0001

Newly defined cirrhosis, n (%) 0 16 (46) < 0.0001

Clinical decompensation, n (%) 2 (1.6) 16 (46) < 0.0001

Liver-related deaths, n (%) 1 (0.8) 6 (17) 0.001

Total deaths, n (%) 3 (2.4) 6 (17) 0.004

replicating HCV (71%) and in patients with higher transam-
inases (60%), while it was more rarely seen in those trans-
planted as a result of HBV-disease (17%, P < 0.0001).

A cyclosporine immunosuppressive regimen was ad-
ministered more frequently in IOT-LSM (49%) than in SOT-
LSM patients (29%, P = 0.03); these cyclosporine-treated pa-
tients had a graft older than those treated with other drugs
(88 months vs. 73 months, p=0.043) and had a lower preva-
lence of diabetes (17% vs. 83%, P = 0.016).

After binary logistic regression analysis, some vari-
ables maintained an independent value: hepatitis C vi-
raemia (P = 0.002), abnormal ALT (P = 0.002), biliopa-

thy (the appearance of a post-transplant biliary complica-
tion) (P = 0.004) and cyclosporine immunosuppression (P
= 0.009).

DOT-LSM was observed in 6 of our LTP cases, 1 after suc-
cessful dual antiviral therapy of recurrent HCV-related cir-
rhosis, 1 after “compassionate use” Sofosbuvir Daclatasvir-
based HCV therapy, 1 patient after audit and prolonged ab-
stinence from alcohol, 1 after resolution of a long-standing
obstructive biliopathy, 1 after re-introduction of immuno-
suppressive therapy previously stopped by the patient
himself, and 1 with an idiopathic (NAFLD?) post-transplant
cirrhosis.
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3.4. Diagnostic Accuracy of VCTE Dynamic Parameters to Iden-
tify the Presence of Significant Liver Damage and to Predict a
Clinical Event

The incidence of a clinical event in the whole group
during the 2.5 years of observation was 16% (26 out of 162
LTPs) at a median time of 84 months after LT (range 6-126).
Sixteen patients (10%) met the definition of cirrhosis (de-
velopment of new cases), 18 (11%) had hepatic decompensa-
tion (16 in patients with cirrhosis diagnosed during follow-
up and 2 in patients with cirrhosis at baseline), and 7 (4%)
died from a liver-related cause.

Figure 2 shows cumulative probabilities of different
possible clinical events with Kaplan-Meier curves accord-
ing to SOT-LSM or IOT-LSM status.

Figure 2. Area Under the Receiver Operating Characteristic Curve (AUROC) Esti-
mates for the Presentation of Clinical Events for IOT-LSM and SOT-LSM, Subdivided
in the Different Stages of Fibrosis
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IOT-LSM, increasing over time liver stiffness measurement; SOT-LSM, stable over
time liver stiffness measurement; F0-1, absence or minimal fibrosis; F2-3, significant-
advanced fibrosis; F4, cirrhosis.

The diagnostic performance of classifying a patient ac-
cording to dynamic LSM as SOT-LSM or as IOT-LSM is shown
in Table 2. The incidence of a clinical event was shown in
2 cases (1.6%) in the SOT-LSM group and in 24 cases (68%) in
the IOT-LSM group (P < 0.0001), with specificity and sensi-
tivity both > 91%. Part B of the table shows that the small
number of liver-related deaths observed (7, all with HCV-
related disease) included 6 in the IOT-LSM group and 1 in
the SOT-LSM group. A stable LSM has a very high negative

predictive value for both a clinical event and death.
LSM performance in predicting the presentation of a

clinical event is shown in Figure 3. The best overall area
under the receiver operating characteristic curve (AUROC)
is that of IOT-LSM (0.919), while the prediction of a clini-
cal event based on each of the SOT-LSM F0-F1, F2-F3, and F4
stages was significantly lower in all comparisons (AUROC
0.200, 0.642, and 0.658, respectively).

Evidence of LSM values evolving over time prompted
us, in our LTP management, to perform several procedures
that led to several diagnoses, some unexpected, as shown
in Table 3. In two cases, IOT-LSM suggested a liver injury
despite normal or trivial results of biochemical tests, and
a liver biopsy showed severe fibrosis. In one case with a
baseline LSM suggestive of F4 fibrosis and IOT-LSM, the liver
biopsy showed an F2 fibrosis; this patient developed ascites
during the follow-up, confirming the LSM result. One pa-
tient, with recurrent cholangitis episodes that were some-
times clinically severe, showed a gradual significant in-
crease of baseline LSM (6 kPa versus 8.7 kPa); imaging did
not diagnose a definite pathology of extra-hepatic ducts,
and a liver biopsy showed severe chronic rejection.

4. Discussion

The present single-center study evaluated the signifi-
cance of liver stiffness measurements repeated over time
to monitor liver-transplanted patients as an aid in defining
their management modalities in a routine clinical setting.

The studied population is very heterogeneous, reflect-
ing the unselected characteristic of the real world; our LTPs
derived from several surgical transplant centers mostly
located far from our region, reflecting similar situations
in other countries, and with different management con-
cerning immunosuppression, complications, HCV antivi-
ral therapy, etc. Many peripheral specialized liver units,
which are not liver transplantation centers, are currently
ensuring patients of the presence of a qualified reference
point that is a short distance from their residence, in coor-
dination with transplant centers that evidently remain an
essential point of reference in their global management.

Long-term results of a transplanted liver rely on fibro-
sis accumulation, the pathway that is common to most
chronic liver graft injuries, particularly well defined in the
context of recurrent hepatitis C (10). Monitoring of fibrosis
development therefore appears to be a cornerstone in clin-
ical practice. Liver biopsy remains the reference standard
for evaluating the extent of liver fibrosis, especially in liver
transplants, even if it is invasive, expensive, sometimes
subject to measurement error, and not easily repeated (14,
15). LSM via VCTE, between several alternative non-invasive
methods (16), has shown good diagnostic accuracy for both
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Table 2. Liver stiffness measurement (LSM) to predict a clinically significant event: diagnostic performance of a stable LSM (SOT-LSM) or an increasing over time LSM (IOT-LSM),
for all together events (diagnosis of cirrhosis, liver decompensation and liver-death) (A) and for only liver-deaths (B).

A

LSM N = 156 Clinical Events, Yes, n = 26 Clinical Events, No, n = 130

SOT-LSM 121 2 119 NPV = 98.3%

IOT-LSM 35 24 11 PPV = 68.6%

Sp = 91.5% Se = 92.3%

B

N = 156 Liver Deaths, Yes, n = 7 Liver Deaths, No, n = 149

SOT-LSM 121 1 120 NPV = 99.2%

IOT-LSM 35 6 29 PPV = 17.1%

Sp = 80.5% Se = 85.7%

Abbreviations: KPa, kilopascals; NPV, negative predictive value; PPV, positive predictive value; Se, sensitivity; Sp, specificity.
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Figure 3. Kaplan-Meier curves for cumulative probabilities of overall clinical events (A), development of cirrhosis (B), decompensation (C) and cumulative survival (D) in
groups with SOT LSM/IOT LSM. LSM, liver stiffness measurement; IOT-LSM, increasing over time liver stiffness measurement; SOT-LSM, stable over time liver stiffness measure-
ment.

fibrosis and cirrhosis with portal hypertension (17) and is
associated with the risk of decompensation, liver cancer,
and death in patients with chronic liver disease (18) and
after LT (19). Several factors other than fibrosis have been
shown to affect a baseline, episodic, VCTE-measured liver
stiffness with limitations that can lead to misestimating
the actual “fibrosis”. These factors may have contributed
to preventing the ability to reach a consensus on LSM cut-

offs that are able to distinguish a normal liver from a liver
with significant fibrosis and from a cirrhotic liver in the
different etiologies of liver disease. In our study, baseline
measurements of liver stiffness were performed at differ-
ent time intervals after LT; we unexpectedly found that the
baseline measure was not related to time since LT. Stiffness
evolution is most likely influenced by this time interval in
many patients, but single cases are diluted in our whole
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Table 3. Diagnoses Following the Evidence of IOT-LSM

Diagnosis N HCV-RNA Status
Positive/Negative

Unexpected cirrhosisa 16 12/4

Hepatitis C progressionb 17 17/0

Acute rejection and recurrent
hepatitis C

1 1/0

NASH 4 0/4

Biliopathyc 4 1/3

Chronic rejectiond 2 1/1

Alcohol abusee 2 1/1

aDiagnosis of cirrhosis derived from evidence of esophageal varices at upper
endoscopy in 5 cases and from histology at liver biopsy in 1 case.
bDiagnosis led to anticipate, when possible, the antiviral therapy.
cDiagnoses by C-RM and ERCP.
dOne patient himself suspended the anti-reject therapy.
eOne patient always denied this possibility before liver biopsy.

heterogeneous studied population.

One of the advantages of VCTE compared to liver biopsy
is that it can easily be repeated over time, as a routine or an
on-demand procedure, offering repeated “dynamic” LSM
values. Furthermore, such consecutive values define new
parameters of the trend over time (increase, stability, or de-
crease) of the LSM value; thus, as reported by Malekzadeh et
al. (20), the repeated assessments allow the monitoring of
the evolution of the chronic liver disease, as the response
to treatments.

We used a stringent criterion for defining an IOT-LSM
as “significant”, accepting only a very wide variation, sim-
ilar to the definition applied by Christiansen et al. (21)
that should overcome the limitations of variable cut-offs.
The test, applied to individual cases, should not depend on
the starting kPa value. This serial evaluation of LSM values
tries to render a continuous variable categorical; it allows
increasing sensibility of the method but costs decreased
specificity. We think that this is quite suitable for the con-
text of patients who are followed after liver transplanta-
tion who need close surveillance mainly because of their
immunodepression status or their frequently present ac-
companying chronic diseases. The main result of our
study is the assessment of the relationship between serial
changes in LSM and the development of clinically relevant
outcomes in a transplanted liver; all our cases with a sig-
nificant increase in kPa values in at least two controls have
resulted in the detection of hepatic damage in the liver
biopsy or in a clear expression of cirrhosis clinical devel-
opment.

An LSM value that increases over time represents a
simple indication, which is more valuable than a point-

determination of LSM, of the subsequent occurrence of a
clinically significant event. In contrast, an LSM value that
decreased over time was observed in all cases with fibrosis
and necroinflammation regression as demonstrated in the
case of healed chronic hepatitis C (22, 23).

In this study, IOT-LSM was related to obvious signs of
liver disease, such as abnormal values of ALT, replicating
HCV, and biliopathy but was also related to unexpected fac-
tors such as cyclosporine treatment. Cyclosporine-treated
patients were those with an older graft, a lower presence of
diabetes mellitus, and a longer duration of liver transplan-
tation. In the last decade, tacrolimus has become more
used because of the evidence that immunosuppression
with tacrolimus reduces mortality at 1- and 3-years post-
transplant, in addition to reduced graft loss, reduced re-
jection and steroid-resistant rejection (24). However, the
diabetogenic potential of tacrolimus is much higher than
that of cyclosporine, as shown by a systematic review on
post-transplantation new-onset diabetes mellitus (25).

A series of increasing LSM values does not allow a spe-
cific diagnosis but indicates that an accurate diagnosis
must be pursued because it signifies a progressive patho-
logical process in the liver that could lead to a clinical
event. We suggest deepening in any mode (biopsy or any
other procedure, increasing blood controls even if normal,
increasing immunosuppression, etc.).

The potential limitation of VCTE to be affected by fac-
tors other than fibrosis can be its strength in the context
of surveillance.

Liver biopsies in our alarmed patients led to different
diagnoses, such as graft liver damage, a rapid increase in fi-
brosis from re-infection by HCV, or overlapping conditions.
These occurrences have been evident also in healed HCV
and in non-HCV LTPs who usually show a more stable clin-
ical course over time. Thus, the information from VCTE is
quite different and is not substitutive of that from a liver
biopsy; the two methods are not in competition with one
another.

Other studies have already shown that some serial
changes in LSM may potentially add something to the
prognostic utility of this technique in different settings. A
meta-analysis of LSM as a predictor of complications (17)
calculated a 22% increase in mortality for an increase in
baseline LSM of one unit of kPa.

Vergniol et al. (26) showed the strong prognostic
value in CHC patients of repeated LSM, expressed as delta
kPa/year (follow-up result–baseline result/time interval be-
tween the two measurements). This is an approach that is
different from ours but with the same concept of the im-
portance of detecting an evolution of LSM. The relation-
ship of an increase in LS has also been observed in pa-
tients with primary biliary cirrhosis (27) and in HIV-HCV co-
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infected patients (28).
In conclusion, our results suggest that VCTE, in the par-

ticular context of a transplanted liver, can evolve from its
role as a diagnostic test to a surveillance procedure that ac-
tively helps in the management of patients with the high-
est need of vigilance, so that it can be stably used as an ad-
ditional tool in clinical practice.

Acknowledgments

AITF Caserta, Campania.

Footnote

Authors’ Contribution: All Authors equally contributed
to research design, to data management and to drafting
and revising the paper. Luca Rinaldi and Giovanna Valente
received support in part by grants from Progetto SATTE -
Regione Campania (DGR 1389/2009) and from AITF (Italian
association of liver transplanted patients) - delegation of
Caserta. Guido Piai has acted as advisor for Roche, Grifols
and Abbvie.

References

1. Banff Working Group on Liver Allograft P. Importance of liver
biopsy findings in immunosuppression management: biopsy mon-
itoring and working criteria for patients with operational toler-
ance. Liver Transpl. 2012;18(10):1154–70. doi: 10.1002/lt.23481. [PubMed:
22645090].

2. Piccinino F, Sagnelli E, Pasquale G, Giusti G. Complications follow-
ing percutaneous liver biopsy. A multicentre retrospective study on
68,276 biopsies. J Hepatol. 1986;2(2):165–73. [PubMed: 3958472].

3. Cholongitas E, Tsochatzis E, Goulis J, Burroughs AK. Noninvasive
tests for evaluation of fibrosis in HCV recurrence after liver trans-
plantation: a systematic review. Transpl Int. 2010;23(9):861–70. doi:
10.1111/j.1432-2277.2010.01142.x. [PubMed: 20704691].

4. Bonino F, Arena U, Brunetto MR, Coco B, Fraquelli M, Oliveri F, et al.
Liver stiffness, a non-invasive marker of liver disease: a core study
group report. Antivir Ther. 2010;15 Suppl 3:69–78. doi: 10.3851/IMP1626.
[PubMed: 21041906].

5. Petta S, Maida M, Macaluso FS, Di Marco V, Camma C, Cabibi D,
et al. The severity of steatosis influences liver stiffness measure-
ment in patients with nonalcoholic fatty liver disease. Hepatology.
2015;62(4):1101–10. doi: 10.1002/hep.27844. [PubMed: 25991038].

6. Berzigotti A, Abraldes JG, Bosch J. Regarding "Liver stiffness is in-
fluenced by a standardized meal in patients with chronic hep-
atitis C virus at different stages of fibrotic evolution". Hepatology.
2014;59(1):350–1. doi: 10.1002/hep.26501. [PubMed: 23703869].

7. Millonig G, Reimann FM, Friedrich S, Fonouni H, Mehrabi A, Buch-
ler MW, et al. Extrahepatic cholestasis increases liver stiffness (Fi-
broScan) irrespective of fibrosis. Hepatology. 2008;48(5):1718–23. doi:
10.1002/hep.22577. [PubMed: 18836992].

8. Yashima Y, Tsujino T, Masuzaki R, Nakai Y, Hirano K, Tateishi R, et al.
Increased liver elasticity in patients with biliary obstruction. J Gas-
troenterol. 2011;46(1):86–91. doi: 10.1007/s00535-010-0290-9. [PubMed:
20814804].

9. Parsian H, Alizadeh M, Negahdar H. Would the physicians eventu-
ally obsolete the liver biopsy for the assessment of liver fibrosis?.
Hepat Mon. 2012;12(5):353–4. doi: 10.5812/hepatmon.6227. [PubMed:
22783349].

10. European Association for Study of L, Asociacion Latinoamericana
para el Estudio del H. EASL-ALEH Clinical Practice Guidelines: Non-
invasive tests for evaluation of liver disease severity and prognosis.
J Hepatol. 2015;63(1):237–64. doi: 10.1016/j.jhep.2015.04.006. [PubMed:
25911335].

11. Tapper EB, Castera L, Afdhal NH. FibroScan (vibration-controlled
transient elastography): where does it stand in the United
States practice. Clin Gastroenterol Hepatol. 2015;13(1):27–36. doi:
10.1016/j.cgh.2014.04.039. [PubMed: 24909907].

12. Castera L, Forns X, Alberti A. Non-invasive evaluation of liver fibro-
sis using transient elastography. J Hepatol. 2008;48(5):835–47. doi:
10.1016/j.jhep.2008.02.008. [PubMed: 18334275].

13. Boursier J, Zarski JP, de Ledinghen V, Rousselet MC, Sturm N, Lebail
B, et al. Determination of reliability criteria for liver stiffness eval-
uation by transient elastography. Hepatology. 2013;57(3):1182–91. doi:
10.1002/hep.25993. [PubMed: 22899556].

14. Castera L, Vergniol J, Foucher J, Le Bail B, Chanteloup E, Haaser M, et
al. Prospective comparison of transient elastography, Fibrotest, APRI,
and liver biopsy for the assessment of fibrosis in chronic hepatitis C.
Gastroenterology. 2005;128(2):343–50. [PubMed: 15685546].

15. Burra P, Mioni D, Cecchetto A, Cillo U, Zanus G, Fagiuoli S, et al. His-
tological features after liver transplantation in alcoholic cirrhotics. J
Hepatol. 2001;34(5):716–22. [PubMed: 11434618].

16. Bedossa P, Carrat F. Liver biopsy: the best, not the gold standard.
J Hepatol. 2009;50(1):1–3. doi: 10.1016/j.jhep.2008.10.014. [PubMed:
19017551].

17. Carrion JA, Navasa M, Bosch J, Bruguera M, Gilabert R, Forns X. Tran-
sient elastography for diagnosis of advanced fibrosis and portal hy-
pertension in patients with hepatitis C recurrence after liver trans-
plantation. Liver Transpl. 2006;12(12):1791–8. doi: 10.1002/lt.20857.
[PubMed: 16823833].

18. Singh S, Fujii LL, Murad MH, Wang Z, Asrani SK, Ehman RL, et al. Liver
stiffness is associated with risk of decompensation, liver cancer, and
death in patients with chronic liver diseases: a systematic review and
meta-analysis. Clin Gastroenterol Hepatol. 2013;11(12):1573–84 e1-2. doi:
10.1016/j.cgh.2013.07.034. [PubMed: 23954643] quiz e88-9.

19. Crespo G, Lens S, Gambato M, Carrion JA, Marino Z, Londono MC, et al.
Liver stiffness 1 year after transplantation predicts clinical outcomes
in patients with recurrent hepatitis C. Am J Transplant. 2014;14(2):375–
83. doi: 10.1111/ajt.12594. [PubMed: 24410892].

20. Malekzadeh R, Poustchi H. Fibroscan for assessing liver fibrosis: An
acceptable alternative for liver biopsy. Hepat Mon. 2011;11(3):157–8.
[PubMed: 22087136].

21. Christiansen KM, Mossner BK, Hansen JF, Jarnbjer EF, Pedersen C,
Christensen PB. Liver stiffness measurement among patients with
chronic hepatitis B and C: results from a 5-year prospective study.
PLoS One. 2014;9(11):111912. doi: 10.1371/journal.pone.0111912. [PubMed:
25369038].

22. Stasi C, Arena U, Zignego AL, Corti G, Monti M, Triboli E, et al. Longi-
tudinal assessment of liver stiffness in patients undergoing antivi-
ral treatment for hepatitis C. Dig Liver Dis. 2013;45(10):840–3. doi:
10.1016/j.dld.2013.03.023. [PubMed: 23660078].

23. Calvaruso V, Di Marco V, Ferraro D, Petta S, Cali A, Grazia Bavetta M,
et al. Fibrosis evaluation by transient elastography in patients with
long-term sustained HCV clearance. Hepat Mon. 2013;13(5):7176. doi:
10.5812/hepatmon.7176. [PubMed: 23967020].

24. O’Grady JG, Hardy P, Burroughs AK, Elbourne D, Ireland Liver Trans-
plant Study G. Randomized controlled trial of tacrolimus versus
microemulsified cyclosporin (TMC) in liver transplantation: post-
study surveillance to 3 years. Am J Transplant. 2007;7(1):137–41. doi:
10.1111/j.1600-6143.2006.01576.x. [PubMed: 17109723].

8 Hepat Mon. 2016; 16(12):e41162.

http://dx.doi.org/10.1002/lt.23481
http://www.ncbi.nlm.nih.gov/pubmed/22645090
http://www.ncbi.nlm.nih.gov/pubmed/3958472
http://dx.doi.org/10.1111/j.1432-2277.2010.01142.x
http://www.ncbi.nlm.nih.gov/pubmed/20704691
http://dx.doi.org/10.3851/IMP1626
http://www.ncbi.nlm.nih.gov/pubmed/21041906
http://dx.doi.org/10.1002/hep.27844
http://www.ncbi.nlm.nih.gov/pubmed/25991038
http://dx.doi.org/10.1002/hep.26501
http://www.ncbi.nlm.nih.gov/pubmed/23703869
http://dx.doi.org/10.1002/hep.22577
http://www.ncbi.nlm.nih.gov/pubmed/18836992
http://dx.doi.org/10.1007/s00535-010-0290-9
http://www.ncbi.nlm.nih.gov/pubmed/20814804
http://dx.doi.org/10.5812/hepatmon.6227
http://www.ncbi.nlm.nih.gov/pubmed/22783349
http://dx.doi.org/10.1016/j.jhep.2015.04.006
http://www.ncbi.nlm.nih.gov/pubmed/25911335
http://dx.doi.org/10.1016/j.cgh.2014.04.039
http://www.ncbi.nlm.nih.gov/pubmed/24909907
http://dx.doi.org/10.1016/j.jhep.2008.02.008
http://www.ncbi.nlm.nih.gov/pubmed/18334275
http://dx.doi.org/10.1002/hep.25993
http://www.ncbi.nlm.nih.gov/pubmed/22899556
http://www.ncbi.nlm.nih.gov/pubmed/15685546
http://www.ncbi.nlm.nih.gov/pubmed/11434618
http://dx.doi.org/10.1016/j.jhep.2008.10.014
http://www.ncbi.nlm.nih.gov/pubmed/19017551
http://dx.doi.org/10.1002/lt.20857
http://www.ncbi.nlm.nih.gov/pubmed/16823833
http://dx.doi.org/10.1016/j.cgh.2013.07.034
http://www.ncbi.nlm.nih.gov/pubmed/23954643
http://dx.doi.org/10.1111/ajt.12594
http://www.ncbi.nlm.nih.gov/pubmed/24410892
http://www.ncbi.nlm.nih.gov/pubmed/22087136
http://dx.doi.org/10.1371/journal.pone.0111912
http://www.ncbi.nlm.nih.gov/pubmed/25369038
http://dx.doi.org/10.1016/j.dld.2013.03.023
http://www.ncbi.nlm.nih.gov/pubmed/23660078
http://dx.doi.org/10.5812/hepatmon.7176
http://www.ncbi.nlm.nih.gov/pubmed/23967020
http://dx.doi.org/10.1111/j.1600-6143.2006.01576.x
http://www.ncbi.nlm.nih.gov/pubmed/17109723
http://hepatmon.com/


Rinaldi L et al.

25. Vincenti F, Friman S, Scheuermann E, Rostaing L, Jenssen T, Campis-
tol JM, et al. Results of an international, randomized trial comparing
glucose metabolism disorders and outcome with cyclosporine ver-
sus tacrolimus. Am J Transplant. 2007;7(6):1506–14. doi: 10.1111/j.1600-
6143.2007.01749.x. [PubMed: 17359512].

26. Vergniol J, Boursier J, Coutzac C, Bertrais S, Foucher J, Angel C, et al.
Evolution of noninvasive tests of liver fibrosis is associated with prog-
nosis in patients with chronic hepatitis C. Hepatology. 2014;60(1):65–
76. doi: 10.1002/hep.27069. [PubMed: 24519328].

27. Corpechot C, Carrat F, Poujol-Robert A, Gaouar F, Wendum D, Cha-
zouilleres O, et al. Noninvasive elastography-based assessment of
liver fibrosis progression and prognosis in primary biliary cirrho-
sis. Hepatology. 2012;56(1):198–208. doi: 10.1002/hep.25599. [PubMed:
22271046].

28. Mehta SH, Kirk GD, Astemborski J, Sulkowski MS, Afdhal NH, Thomas
DL. Stability of liver fibrosis among HCV-infected injection drug
users. Antivir Ther. 2012;17(5):813–21. doi: 10.3851/IMP2085. [PubMed:
22418880].

Hepat Mon. 2016; 16(12):e41162. 9

http://dx.doi.org/10.1111/j.1600-6143.2007.01749.x
http://dx.doi.org/10.1111/j.1600-6143.2007.01749.x
http://www.ncbi.nlm.nih.gov/pubmed/17359512
http://dx.doi.org/10.1002/hep.27069
http://www.ncbi.nlm.nih.gov/pubmed/24519328
http://dx.doi.org/10.1002/hep.25599
http://www.ncbi.nlm.nih.gov/pubmed/22271046
http://dx.doi.org/10.3851/IMP2085
http://www.ncbi.nlm.nih.gov/pubmed/22418880
http://hepatmon.com/

	Abstract
	1. Background
	2. Methods
	2.1. Patients
	2.2. Liver Stiffness Measurement (LSM)
	2.3. Other Definitions
	2.4. Statistical Analysis

	3. Results
	3.1. Patient Characteristics
	3.2. Baseline LSM
	Figure 1

	3.3. Dynamic LSM
	Table 1

	3.4. Diagnostic Accuracy of VCTE Dynamic Parameters to Identify the Presence of Significant Liver Damage and to Predict a Clinical Event
	Figure 2
	Table 2
	Figure 3
	Table 3


	4. Discussion
	Acknowledgments
	Footnote
	Authors' Contribution

	References

