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Transient elastography (TE) is a valuable noninvasive technique of measuring liver stiffness and a reliable
tool for predicting hepatic fibrosis in patients with chronic liver disease. The role of TE in patients with
b-thalassemia has not been extensively investigated. The present study aimed to evaluate the role of TE in
the assessment of hepatic fibrosis in 115 adult patients with b-thalassemia major (TM) (#59) or intermedia
(TI) (#56). TE was performed according to current practice. Histologic data were obtained in 14 cases. Liver
iron concentration was assessed by atomic absorption spectrometry and T2* magnetic resonance. In
patients with TM, the proportion of anti-HCV positive viremic patients, median serum ferritin levels, and TE
values were significantly higher than in TI. In the group of 14 patients who underwent liver biopsy, a signifi-
cant positive correlation was observed between liver stiffness and fibrosis stage (r 5 0.73, P 5 0.003).
Severe fibrosis is diagnosed with a sensitivity of 60% and a specificity of 89%, whereas cirrhosis is
detected with a sensitivity of 100% and a specificity of 92%. At multivariate analysis, the variables inde-
pendently associated with TE were ALT, GGT, and bilirubin levels in both groups and, in patients with TM,
HCV RNA positivity. In b-thalassemia patients, TE is a reliable tool for assessing liver fibrosis even if the
influence of iron overload has to be clarified. Am. J. Hematol. 85:564–568, 2010. VVC 2010 Wiley-Liss, Inc.

Introduction
b-Thalassemia syndromes are hereditary anemias

caused by the absent or decreased production of b-globin
chains, associated with considerable morbidity and mortal-
ity [1–6]. Multitransfused adult b-thalassemia patients [tha-
lassemia major (TM)] represent a population with a high
prevalence of hepatitis C infection due to transfusions of
HCV infected blood units prior to the introduction of anti-
HCV screening [6,7]. In these patients in whom the bioptic
procedure is associated with a high rate of complications
because of many comorbidities, as compared to the other
group of patients with chronic HCV infection, the need for
noninvasive techniques to stage hepatic fibrosis is particu-
larly pressing. Moreover, in thalassemia patients, frequent
blood transfusions and increased iron gastrointestinal
absorption can lead to iron overload over time. TM patients
undergo regular chelation therapy, whereas there are not
yet guidelines for chelation in thalassemia intermedia (TI)
patients not regularly transfused, in whom iron overload is
mainly due to ineffective erythropoiesis and iron absorption.
Transient elastography (TE) is a recently developed,

rapid, noninvasive technique designed to predict liver fibro-
sis, based on a mechanical wave generated by vibration.
The measurement of the speed of propagation of the wave
across the hepatic parenchyma provides an estimate of the
liver elasticity, which is a surrogate marker of liver fibrosis
[8–10]. In studies comparing the results of TE versus liver
biopsy as the reference standard, TE showed a satisfactory
accuracy in identifying patients with chronic liver disease
(CLD) accompanied by significant fibrosis or cirrhosis and it
has been shown to have a good interobserver and intraob-
server reproducibility [11–23].
The role of TE in evaluating liver fibrosis in patients with

b-thalassemia with or without HCV chronic infection has
not been extensively investigated. Only recently, two papers
reported TE evaluation in 56 homozygous b-thalassemic
patients from Southern Italy [24] and in 15 chronically
transfused patients from France [25]. Therefore, the pres-
ent study aimed to assess the role of TE in staging hepatic
fibrosis and evaluating factors possibly associated with TE
results in a larger cohort of patients with b-TM and TI.

Methods
Cross-sectional assessment of hepatic fibrosis by TE was performed

in 115 adult patients with b-thalassemia (TM: 59, median age 33 years,
range 21–50 years; TI: 56, median age 40 years, range 17–76 years)
and followed up in a single tertiary Thalassemia Care Center in Italy.

Transient elastography. TE (FibroScan1, EchoSens) was performed
in all patients. The procedures were performed by two independent
investigators (MF and CR) who were blind to clinical, serological, and
histological data. The right lobe of the liver was targeted through an in-
tercostal space access while the patient was lying in the dorsal decubi-
tus position with the right arm in maximal abduction. With the assis-
tance of the Fibroscan ultrasound (US), a liver portion of at least 6-cm
thickness, free of large vessels, was identified for examination. The
rate of successful measurements was calculated as the ratio between
the number of those validated and total measurements. The results
were expressed as a median value of the total measurements in kPa.
Only the examinations with at least 10 validated measurements, a suc-
cess rate of at least 60%, and an interquartile range (IQR) of the me-
dian stiffness value lower than 30% were considered reliable. Patients
with ascites were excluded from the study. One operator (MF) per-
formed 66 examinations and the second one (CR) performed the
remaining 49 examinations. The intraobserver agreement between the
two operators was good, as shown in a previous paper [12]. No liver
stiffness measurement failure was observed in the present study. TE

1Second Division of Gastroenterology, Foundation IRCCS Cà Granda, Mag-
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cut-off for diagnosing different stages of hepatic fibrosis was predefined
according to the results of a previous study in a cohort of patients with
chronic liver disease mainly related to HCV chronic infection [12]. The
following TE thresholds were considered: >7.9 kPa for S � 3; >10.3
kPa for S � 4; >12.0 kPa for S � 5.

Histological data. The 14 patients who underwent liver biopsy prior to
the biopsy procedure (and in all cases in the previous 2 weeks) also
underwent a standard US scan of the abdomen using standard equip-
ment (iU22, Philips, Bothell) with a detailed study of the liver, spleen,
and main vessels. Liver biopsy was performed by experienced hepatol-
ogists with a 16 G Menghini needle (Biomol, Hospital Service, HS,
Rome, Italy) under US guidance. The liver tissue was fixed in formalin
and paraffin embedded. Five-lm-thick sections of liver tissue were
stained with hematoxylin-eosin and Masson trichrome and read by one
expert liver pathologist blinded to results of liver stiffness measurement
and clinical data. Only samples with a length of >1.5 cm and including
at least twelve complete portal tracts were considered adequate. Nec-
roinflammation and fibrosis were scored by Ishak classification [26];
LIC (mg/g of liver dry weight) was performed on fresh tissue (atomic
absorption spectrometry). All patients fulfilling the inclusion criteria
were enrolled only after their written informed consent was obtained.

The following variables were collected in all patients: gender, age,
body mass index (BMI; kg/m2), chelation therapy, iron intake [mg/(kg
day)], hemoglobin (Hb, normal value 12–16 mg/dL), platelets count
(normal value 130–400 3 103/l). Serum alanine aminotransferase (ALT;
normal value �40 IU/l), aspartate aminostransferase (AST; normal value
�40 IU/l), gammaglutamiltransferase (GGT; normal value �50 IU/l), bili-
rubin (normal value 0.12–1.1 mg/dl), alkaline phosphatase (ALP; normal
value 35–104 UI), anti HCV determination, and serum ferritin (SF; normal
value 15–150 ng/ml) were measured with validated methods. Commer-
cially available enzyme immunoassays were used to determine serum
hepatitis B surface antigen, antibodies to hepatitis B core antigen and
anti-HCV. Serum HCV-RNA was detected in house by nested reverse
transcription (RT)-PCR, using primers of the 50 noncoding region.
Using a panel of infected sera calibrated to the WHO International
Standard, the minimum detectable level was �20 IU/ml. The diagnosis
of concomitant alcohol abuse was based on the consumption of
greater than 30 g ethanol per day in women and 50 g ethanol per day
in men.

Cardiological follow up. Each patient underwent echocardiographic ex-
amination once yearly. Patients’ parameters were evaluated according
to recent guidelines published by Derchi et al. in 2008 [27].

T2* Magnetic Resonance Imaging. Seventy-three (47 TM and 26 TI)
patients underwent T2* magnetic resonance imaging (MRI) at the Car-
diology and MRI Department ‘‘A. De Gasperis’’ at Niguarda Ca’ Granda

Hospital in Milan. Cardiac T2*, cardiac function, and liver T2* were

assessed using validated techniques [28,29]. Patients were scanned

with 1.5-T Magnetom Avanto Siemens; each scan lasted �20 min and

included heart and liver T2* assessment with gradient-echo sequences

and biventricular function evaluation with steady-state free procession

(true-FISP) sequences. Images were analyzed using post-processing

software (CMR Tools, Imperial College, London). In patients who did

not undergo liver biopsy, LIC was calculated from liver T2* according

the formula [1/(T2*/1000)] 3 0.0254 1 0.202 [30]. Normal LIC was

defined for values under 4.2 mg/(g dry weight).

Statistical analysis. The main clinical and demographic characteris-

tics of TM and TI patients were compared with the t-test, the Mann-

Whitney test, or the v2 square test, as appropriate. Univariate and

multivariate analysis (linear regression analysis) [31] were performed

to investigate the possible relationship between log transformed TE

values and demographic, biochemical, and RMN parameters. Univar-

iate analyses considered these independent variables: gender, age,

BMI, chelation therapy, Hb, platelets, alkaline phosphatase, anti-

HCV, HCV-RNA, ferritin, T2*MRI, ALT, AST, GGT, and bilirubin. The

final multivariate models contained only statistically significant inde-

pendent variables.
The correlation between TE and histological features and TE

operative characteristics in predicting hepatic fibrosis stage were
also assessed in the subgroup with available liver biopsies. All
statistical analyses were performed with statistical software SAS,
release 9.1.

The study was conducted according to the guidelines of the Hel-
sinki declaration and approved by the Ethics Committee of our
hospital.

Results

Clinical data
Fifty-nine patients (20 male, median age 33 years, range

21–50 years) with TM and 56 patients (26 male, median
age 40 years, range 17–76 years) with TI were studied.
The main clinical and laboratory characteristics of the
patients are given in Table I. All patients affected by TM
are transfusion-dependent: they transfused packed red
cells every 15–21 days [about 160 ml/(kg years)], with pre-
trasfusional Hb levels from 9 to 10 g/dl. In the TI group, 10
patients were regularly transfused from adulthood and 18
patients had been occasionally transfused. Fifty-five
patients with TM (93%) were anti HCV positive and 29 of
them (49%) were viremic (HCV RNA positive), whereas 13
patients with TI (23%) were anti HCV positive, of whom six
(11%) were HCV RNA positive (P < 0.001 for both compar-
isons).
In the two groups, median BMI were 22.5 (range 17–33

kg/m2) and 21.6 (range 17–29 kg/m2), respectively (P 5
0.04). Median AST, ALT, and GGT levels did not differ sig-
nificantly between the two groups, whereas ferritin levels
were significantly higher in patients with TM as compared
to those with TI (1032 ng/ml versus 583 ng/ml, respectively,
P < 0.001).
None of the patients studied showed decompensated

cardiac insufficiency. In detail, only three patients affected
by TM presented a reduction in left ventricular ejection frac-
tion (LVEF) (respectively, of 19, 45, and 46%); they had no
signs or symptoms of acute heart failure and were clinically
stable with therapeutic support.

Transient elastography
Median TE values were significantly higher in patients

with TM (6.1 kPa; range 4.2–49.6 kPa) as compared to
those with TI (5.7 kPa; range 3.3–17.6 kPa) (P 5 0.01). Ta-
ble II details the distribution of TE values in the two groups
according to the predefined TE cut-off values to diagnose
different stages of liver fibrosis. According to the TE results,
a significant fibrosis (TE > 7.9 kPa corresponding to S �
3) was present in 21 patients (35%) with TM and in 10
patients (18%) with TI, a severe fibrosis (TE > 10.3 kPa
corresponding to S � 4) was detected in 14 patients with
TM (24%) and eight patients with TI (15%), and cirrhosis
(TE � 12 corresponding to S � 5) was present in 10
patients with TM (17%) and five with TI (9%). Anti-HCV
positive viremic patients showed significantly higher median
TE values (median value 7.8 kPa in TM and 8.3 kPa in TI)
as compared to non-viremic ones (median value 6.1 kPa in
TM and 6.7 kPa in TI) and as compared to anti-HCV non-
reactive patients (median value 4.6 kPa in TM and 5.2 kPa
in TI) (Table III). TE values were also influenced by the
association of high ferritin levels and HCV-RNA positivity

TABLE I. Main Clinical and Demographic Characteristics of 59 Patients With

Thalassemia Major and 56 With Thalassemia Intermedia

Feature T. major, N 5 59 T. intermedia, N 5 56 P value

Males, No. 20 (34%) 26 (46%) NS
Age, yearsa 33 (19–50) 40 (14–75) <0.0001
Anti-HCV positive, No. 55 (93%) 13 (23%) <0.0001
HCV-RNA positive, No. 29 (49%) 6 (11%) <0.0001
BMI (kg/m2)a 22.5 (17.6–32.7) 21.6 (17–29.5) 0.04
ALT (IU/L)a 33 (7–286) 22.5 (6–122) NS
AST (IU/L)a 31 (15–258) 26 (11–94) NS
GGT (IU/L)a 17 (7–242) 16 (7–134) NS
Platelet, n 3 103/mm3a 375 (139–949) 369 (140–1006) NS
Ferritin (ng/mL)a 1032 (410–6092) 583 (27–2600) <0.0001
TE value (kPa)a 6.1 (4.2–49.6) 5.7 (3.3–17.6) 0.01

a
Median (range).

American Journal of Hematology 565

research article



(Table IV). In TM patients with higher ferritin levels, TE
increased progressively; viremic patients with higher ferritin
levels (ferritin above 1000 ng/ml) showed a higher increase
of TE as compared with non viremic ones (TE 5.7 kPa vs.
10.9 kPa). In TI patients with higher ferritin levels or on reg-
ular transfusion regimen, TE values were increased.
The results of multivariate analysis are summarized in

Table V. The variables significantly and independently asso-
ciated with TE values were ALT (P 5 0.01), GGT (P 5
0.001), bilirubin levels (P 5 0.01), and HCV-RNA positivity
(P 5 0.03) in patients with TM, and ALT (P 5 0.007), GGT
(P 5 0.01), bilirubin levels (P 5 0.04), previous cholecys-
tectomy (P 5 0.011), and splenectomy (P 5 0.018) in
those with TI, respectively.

T2* magnetic resonance imaging (MRI)
A T2* MRI was performed in 73 patients (47 with TM and

26 with TI) to quantify LIC. Median LIC values were 4.58
mg/(g dw) (range 1.02–19.7) in patients with TM and 5.98
mg/(g dw) (range 1.11–19.02) in those with TI. In both
groups (see Fig. 1), no correlation was found between LIC
and TE results (r 5 20.14257 and r 5 0.09).

Liver histology
Fourteen out of 115 patients underwent US-guided liver

biopsy: 11 patients did it because they had good clinical
conditions and they were able to start antiviral therapy. In
three patients, liver biopsy was performed during surgical
procedures (cholecistectomy or splenectomy). After the
procedure, no major complications were observed. The
mean length of liver cores was 34 mm (range 15–42). The
median LIC value in these patients was 308 ng/mL (range
15–900). As shown in Fig. 2, the histological stage of liver
fibrosis was significantly related to TE results (r 5 0.73, P
5 0.003), whereas the histological score did not correlate
with LIC values. Table VI details the diagnostic performan-
ces of TE in diagnosing severe fibrosis and cirrhosis. In
particular, a TE cut-off of 10.3 kPa diagnosed severe fibro-
sis with a sensitivity of 60% (95%CI: 15–95) and a specific-
ity of 89% (95%CI: 52–99) (corresponding LR 15.4 and LR
20.4), whereas a TE cut-off of 12 kPa diagnosed cirrhosis
with a sensitivity of 100% (95% CI: 23–100) and a specific-
ity of 92% (95% CI: 62–99), LR 112 and LR 20.1, respec-
tively.

Discussion
The present study indicates that TE is reliable in detect-

ing severe fibrosis and cirrhosis in thalassemia patients in
whom TE results are independently associated with bio-
chemical activity and severity of liver disease, related to
both chronic HCV infection and iron overload, both conse-
quences of chronic transfusion regimen and increased gas-
trointestinal absorption [1,2,5,6].
To define the hepatic damage in thalassemia patients,

mainly those with active HCV chronic infection, the main
steps are the assessment of the degree of hepatic fibrosis
(to decide the need of an antiviral regimen) and the evalua-
tion of the amount of iron overload (to tailor iron chelation
therapy). Iron overload and HCV infection represent inde-
pendent risk factors for progression of liver fibrosis in tha-
lassemia patients following bone marrow transplantion [32],
and data in transfusion-dependent thalassemia patients
have shown a mild liver necroinflammation due to HCV
infection but frequent significant fibrosis, the progression of
which is largely influenced by iron overload [6].
TE, a recently developed, simple and noninvasive tech-

nique to measure hepatic stiffness, has been shown to be
a reliable tool to estimate the degree of hepatic fibrosis in
patients with chronic liver disease, mainly in those with
chronic HCV infection [11–22]. In b-thalassemia patients
(especially those HCV infected) at higher risk of liver biopsy
related complications as compared to other chronically
HCV-infected patients, the availability of a noninvasive
method to measure hepatic fibrosis is crucial. Current data
in this setting are scattered, even if preliminary studies in
13 patients with b-TM and post-transfusional iron overload

TABLE II. Distribution of TE Values in 59 Patients With Thalassemia Major

and 56 With Thalassemia Intermedia

TE cut-off (kPa) T. major (# 59), N (%) T. intermedia (# 56), N (%)

�7.9 (S < 3) 38 (65%) 46 (82%)
>7.9 (S � 3) 21 (35%) 10 (18%)
>10.3 (S � 4) 14 (24%) 8 (15%)
>12.0 (S � 5) 10 (17%) 5 (9%)

TABLE III. Influenced of HCV Positivity and Viremia in TM and TI Patients on

TE Values

HCV TM patients (n) TE (kPa)

AbHCV-/HCV-RNA- 4 4.6
AbHCV1/HCV-RNA- 26 6.1
AbHCV1/HCV-RNA1 29 7.8
HCV TI patients (n) TE (kPa)
AbHCV-/HCV-RNA- 43 5.2
AbHCV1/HCV-RNA- 7 6.7
AbHCV1/HCV-RNA1 6 8.3

TABLE IV. Iron Overload Parameters, HCV Viremia and TE Values in TM and

TI Patients

Iron intake [mg/(kg die)] TM patients (n) TE (kPa)

<0.3 15 6.85
0.3–0.5 44 5.95
>0.5 0 /

Ferritin (ng/ml)
TM patients

(n)
TE

(kPa)
TE (kPa)

HCV-RNA2
TE (kPa)

HCV-RNA1

<500 6 6.1 6.1 7.3
500–1000 22 8.2 6.1 6.9
>1000 31 9.9 5.7 10.9

Transfusion regimen TI patients (n) TE (kPa)

Never 28 5.1
Occasionally 18 5.9
Regular 10 6.6

Ferritin (ng/ml) TI patients (n) TE (kPa)

<500 25 5.8
500–1000 19 5.3
>1000 12 7.3

TABLE V. Variables Indipendently Associated With log-Transformed TE Val-

ues

Variables b P value

Thalassemia majora

ALT (IU/l) 0.33 0.01
GGT (IU/l) 0.63 0.001
Bilirubin total (mg/dl) 0.44 0.01
HCV-RNA positivity 0.28 0.03

Thalassemia intermediab

ALT (IU/l) 0.22 0.007
GGT (IU/l) 0.23 0.01
Bilirubin total (mg/dL) 0.38 0.04

a
R2 for the multivariate model 5 0.564; b R2 for the multivariate model 5

0.588.
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[25] and in 56 consecutive patients with homozygous b-tha-
lassemia [24] reported that TE can reliably diagnose
advanced liver fibrosis.
In contrast to previous series, which reported a rate of

failure ranging from 2 to 8% [33], we did not experience
any TE measurement failure in our group of patients. The
possible reason for this success rate is represented by the
low median BMI in patients with b-TM (22.5 kg/m2) and TI
(21.6 kg/m2), with only five cases with a BMI higher than
28 kg/m2. This is in line with recent data [33] indicating a
high BMI (>28 kg/m2) as the main factor negatively interfer-
ing with TE measurement.
A further possible confounding factor that has recently

been demonstrated to increase TE values is increased ve-
nous pressure, as in the presence of cardiac insufficiency
[34]. In our series, none of the patients showed clinical
signs of severe cardiac insufficiency.
Interestingly, as reported in chronic liver disease of differ-

ent etiologies, liver fibrosis is the most relevant factor influ-
encing liver stiffness [11–22], although other variables were
found to independently and significantly affect TE results
[12–14,20,21,23]. In the present study, focused on hepatic
necroinflamation in TM and TI patients, the severity of the
underlying liver disease and, in only the subset with TM,
the activity of concomitant HCV chronic infection, played a
pivotal role. A relationship between TE results and necroin-
flammatory hepatic activity has already been reported in
acute viral hepatitis [12,14,20,35] and in patients with
chronic hepatitis B during a hepatitis flare up [13].

Interestingly, in thalassemic patients, ALT levels were
also related to liver stiffness value, whereas it is less clear
from the literature if a correlation exists between serum
ALT levels, a sensitive marker of necroinflammation of the
liver, and liver stiffness in patients with chronic hepatitis C.
Also, gammaglutamyltranspeptidase (GGT) levels have
been reported to affect TE values, as observed in graft
recipients with recurrent HCV infection [20]. A relationship
between GGT levels and TE levels could further support
the high predictive value of GGT, a marker used in different
prognostic models for staging hepatic fibrosis [36,37].
Bilirubin levels were also found to be significantly associ-

ated with TE values in b-thalassemics, possibly reflecting
the rate of ineffective erythropoiesis.
An additional relevant finding of our study was the lack of

correlation between liver iron concentration and the other
iron-related parameters and TE values. This is of particular
interest in view of the realistic employment of TE in thalas-
semic patients. Usually, a correlation is observed between
the degree of hepatic fibrosis and iron overload: Jensen
et al. in 2003 showed a critical LIC range above which he-
patocellular injury development may exist [38]. Usually, iron
overload may be concomitantly present in advanced fibrosis
stages; on the other hand, iron overload could act as a
confounding factor in the measurement of liver stiffness,
thus rendering the actual TE prediction of hepatic fibrosis
less reliable. The finding that LIC unaffected liver stiffness
turns into a more consistent use of TE in thalassemic
patients, as in patients with primary or secondary iron over-
load of different etiology and it is in accord with previous
findings in homozygous b-thalassemia patients [24]. As
seen in the present study, increased values of TE were
observed in TM patients with higher ferritin levels and in
transfused TI patients. Moreover, splitting TM patients on
the basis of both ferritin values and HCV viremia showed
that the highest TE values were observed in patients with
serum ferritin >1000 ng/ml and HCV-RNA positivity, thus

Figure 1. Correlation between TE results and liver T2* (LIC T2*) [mg/(g dw)].

Figure 2. Relationship between TE and fibrosis stage.

TABLE VI. TE Operative Characteristics in Detecting Severe Fibrosis (S � 4)

and Cirrhosis (S 5 5–6) in 14 Patients With Thalassemia Major Who Concur-

rently Underwent TE and Liver Biopsy

TE values S � 4

Yes No

> 10.3 kPas 3
� 10.3 kPas 2 8
Total (n. 14) 5 (35%) 9 (65%)

Sensitivity: 60% (95%CI: 15–95), 2LR: 0.4, NPV: 80%.
Specificity: 89% (95%CI: 52–99), 1LR:5.4, PPV: 75%.
95% confidence intervals (95%CI) are given in parenthesis.
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suggesting a possible association between iron overload
and ongoing HCV.
A possible limitation of this paper is related to the lack of

liver biopsy in most patients. According to current clinical
practice, however, this procedure is limited to only HCV
viremic patients mainly in order to define the degree of
both necroinflammation and fibrosis, as the recent introduc-
tion of valid non invasive technique (such as T2* MRI)
allows us to precisely define the amount of iron overload
[28–30].
In conclusion, TE represents a reliable tool for assessing

liver fibrosis in patients with b-thalassemia in whom TE val-
ues have been shown to be independently associated with
the biochemical activity and the severity of liver disease.
Iron overload, in association with HCV infection, may lead
to an increased rate of fibrosis detected at TE, but further
investigations are needed in a larger cohort of patients
before this can be determined.
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