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A 45 year-old African American male with hepatitis C-related cirrhosis
underwent repeat transarterial chemoembolization, in which the right
hepatic was successfully chemoembolized with doxorubicin, cisplatin
and mitomycin.
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Abstract
Advances in recent years in the understanding of, and
the genetic diagnosis of hereditary hemochromatosis
(HH) have changed the approach to iron overload he
reditary diseases. The ability to use a radiologic tool
(MRI) that accurately provides liver iron concentration
determination, and the presence of non-invasive sero
logic markers for fibrosis prediction (serum ferritin,
platelet count, transaminases, etc ), have diminished
the need for liver biopsy for diagnosis and prognosis
of this disease. Consequently, the role of liver biopsy
in iron metabolism disorders is changing. Furthermore,
the irruption of transient elastography to assess liver
stiffness, and, more recently, the ability to determine
liver fibrosis by means of MRI elastography will change
this role even more, with a potential drastic decline
in hepatic biopsies in years to come. This review
will provide a brief summary of the different non-in
vasive methods available nowadays for diagnosis and
prognosis in HH, and point out potential new techniques
that could come about in the next years for fibrosis
prediction, thus avoiding the need for liver biopsy in
a greater number of patients. It is possible that liver
biopsy will remain useful for the diagnosis of associated
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INTRODUCTION
Liver biopsy with histological study and liver iron concentration quantification has long been the gold standard for
the diagnosis and prognosis of hemochromatosis[1]. The
great developments that have occurred in the field of iron
overload diseases in the last 15 years - identification of the
HFE gene and the mutations responsible of hemochromatosis, liver iron concentration (LIC) determination by
Magnetic resonance imaging (MRI) and non-invasive liver
fibrosis prediction with laboratory tests[1-3] - have all diminished the role of hepatic biopsy in hemochromatosis
study. Consequently, it is usually only used for prognosis
purposes[4]. The development of liver cirrhosis is crucial
for hemochromatosis patients, as it changes both the
prognosis and the management of the disease[5].
Nevertheless, liver biopsy has associated risks inherent
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Hemochromatosis

Prognosis-fibrosis determination

Liver biopsy
Non-invasive methods

Non-invasive markers

LIC by MRI × age (< 480 000)

Serum fibrosis marker panels

[23,41]

[33]

(fibrosis index)
Laboratory tests

Age < 40

No hepatomegaly

[20]

[19,21,22]

Indirect markers
Ferritin < 1000 µg/L
AST
Platelet count > 200 000/µL

Radiologic tools for fibrosis assessment

Transient elastography

[19]

[33]

MR elastrography
[44]

Direct markers
[27,30]
Serum type Ⅳ collagen

Figure 1 Non-invasive assessment of liver fibrosis in hereditary hemochromatosis in 2010. MRI: magnetic resonance imaging; LIC: liver iron concentration; AST:
aspartate aminotransferase.

to the technique, with a related mortality around 1/1
000-1/10 000[6,7], as well as wide variations in the results.
Sampling error studies have shown that a single biopsy
will miss cirrhosis in 10%-30% of patients and incorrectly
classify fibrosis by at least one stage in 20%-30%[5,8]. In
addition, both patients and hemochromatosis associations
have their objections to the procedure[9]. Furthermore,
liver fibrosis, and, in some cases, cirrhosis, may regress
after treatment with phlebotomy[10]. Concerns about com
plications and sampling errors have resulted in a search
for non-invasive tests for cirrhosis[5].

help to clarify the main cause of liver disease; and (3) To
identify preneoplastic lesions, including iron-free foci[14]
and dysplastic nodules. All of these three main reasons
have been able to be assessed by non-invasive tools for
quite some time[15-17].

NON-INVASIVE FIBROSIS MARKERS
Laboratory tests
Serological markers for non-invasive liver fibrosis deter
mination are classified in two groups: (1) indirect markers,
such as those which do not directly reflect the extracellular
matrix metabolism, including transaminases, serum fer
ritin, and platelet count; and (2) direct markers, such
as products of the extracellular matrix degradation or
synthesis, e.g. procollagen-Ⅲ N-terminal peptide (PIIINP),
serum type Ⅳ collagen, laminin, hyaluronic acid, and
tissue inhibitors of metalloproteinases (TIMP), etc[18].

ROLE OF LIVER BIOPSY IN GENETIC HEMOCHROMATOSIS
The liver is the most easily accessible tissue in which it is
possible to determine the presence of iron overload. This
is done by LIC measurement in hepatic biopsy[11], but
there is a wide variation in measures of hepatic iron load,
especially in patients with liver cirrhosis[12]. Liver biopsy
no longer has a primary role in the diagnosis of hereditary
hemochromatosis (HH) (Figure 1). In patients with HH,
liver biopsy is nowadays performed for three main reasons[13]: (1) To determine the prognosis of the disease,
calculating the fibrosis grade in the liver sample; a Serum
Ferritin > 1 000 µg/L, raised aspartate aminotransferase
(AST) and platelet count < 200 000/µL are considered
markers of advanced liver disease, and liver biopsy has
been recommended for these patients[1]; (2) To diagnose
the presence of other diseases which produce iron overload, such as alcoholic liver disease and non-alcoholic
speatohepatitis (NASH), and to determine their severity.
When there is a coexistent pathology, liver biopsy may
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Indirect markers: In the last decade, reports of noninvasive approaches for fibrosis prediction in HH have
been published[19-23]. The most obvious of these are serum
transaminases, but they are found to have normal levels
in up to 50% of patients with cirrhosis[20].
Guyader et al[19] revised the clinical and laboratory variables of 197 HH (C282Y homozygote) patients in France.
Their findings were validated in a group of 113 patients
from Canada. No patient with high-degree fibrosis was
found without hepatomegaly, raised AST, or serum ferritin > 1000 µg/L.
A study of 66 HH (C282Y homozygote) patients in
the USA[20] revealed that age was an important feature,
and that no high-degree fibrosis in patients younger than
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40 was found. It has been previously suggested that patients over 45 run a greater risk of developing significant
fibrosis or cirrhosis in HH[23,24].
More recently, Beaton et al[21] studied the non-invasive
variables for cirrhosis prediction in 193 HH patients
(C282Y homozygotes) in Canada, and the study was validated in a group of 162 patients from France. The combination of ferritin > 1 000 µg/L, platelets < 200 000/µL
and raised AST correctly diagnosed the presence of cirrhosis in 77% of Canadian patients and in 90% of French
patients. Morrison et al[22] proved in a USA multicenter
study of phenotypic hemochromatosis patients that a ferritin value < 1 000 µg/L makes the presence of cirrhosis
unlikely, regardless of patient age or transaminase values,
thus avoiding the need for liver biopsy for a prognosis in
these patients. Our group in the Basque Country[25,26], recently reported the utility of various non-invasive methods
for fibrosis prediction in hemochromatosis, with 32 patients being included in the study of which nine presented
with F3 or F4 fibrosis (four patients had cirrhosis). In our
study, the combination of raised AST and a platelet count
< 200 000/µL revealed a negative predictive value of
100% for high-degree fibrosis. Platelets alone had a 94%
negative predictive value for high degree fibrosis; the four
patients with cirrhosis had a platelet count < 200 000/µL,
and three of them had a serum ferritin value < 1 000
[27]
µg/L. This is particularly unusual , revealing potential
[26]
differences in different populations , but cirrhosis with a
serum ferritin value < 1000 µg/L has also been reported
by other groups in Canada and Australia[28,29]. Crawford et
al[27] have evaluated the utility of current diagnostic algorithms for detecting cirrhosis (serum ferritin values, platelet count, and AST levels), in combination with serum
markers of fibrosis (collagen type Ⅳ, hyaluronic acid),
in predicting cirrhosis in HH patients. No patient with a
serum ferritin < 1 000 µg/L were cirrhotic. A combination of a platelet count < 200 000/µL, ferritin > 1 000
µg/L, and raised AST failed to detect 30% (3/10) of the
patients with cirrhosis (they did not have all the predicting factors), but none of the patients with cirrhosis had a
platelet count > 200 000/µL and normal AST. We think
that the combination of a platelet count < 200 000/µL
and raised AST is very useful indication for cirrhosis prediction in HH[26].

serum laminin, seem to be of little value in iron-loaded
disorders.
Crawford et al[27] recently reported that serum hyaluronic acid with serum ferritin can accurately predict
cirrhosis and thus reduce the need for liver biopsy in
C282Y hemochromatosis. In their study, serum hyaluronic
acid concentration > 46.5 ng/mL was 100% sensitive and
100% specific in identifying C282Y hemochromatosis
patients with cirrhosis. In HH patients with serum ferritin
values >1 000 µg/L, the measurement of hyaluronic acid
is a noninvasive, accurate, and cost-effective method for
the diagnosis of cirrhosis, and can assist in the clinical assessment of the eventual need, or not, for liver biopsy.
Serum fibrosis marker panels: In 2008, Adhoute et al[33]
published a study about the diagnosis of liver fibrosis
using FibroScan and other non-invasive methods in patients with hemochromatosis. They studied Fibro Test,
Hepascore, APRI, FIB-4, Forns, Lok, and GUCI scores
in 57 patients with HH, and 46 controls. No statistical
difference was observed between the two groups in any
of the non-invasive tests. In both groups, a significant
correlation was found between FibroScan and Fibro Test
values, Forns score, Hepascore and GUCI score. No
correlation was found between Fibro Scan values and
Lok score, FIB-4 score or APRI score. When comparing
patients with a recent HH diagnosis (n = 10) and those
with iron-depletion (n = 47), no significant differences
were observed between the two groups for non-invasive
methods for liver fibrosis evaluation, with the exception
of the APRI and GUCI scores. A slight correlation was
found between serum ferritin values and FibroScan. They
concluded that biochemical markers and FibroScan may
constitute reliable non-invasive means for liver fibrosis
determination.

IRON CONCENTRATION DETERMINATION
AND FIBROSIS
The risk of significant fibrosis or cirrhosis has been asso
ciated with the level of LIC[23]. Bassett et al[34] introduced
the concept of a threshold for LIC above which cirrhosis
was more likely, and Sallie et al[24] reported that, in addition
to LIC, an age greater than 45 years may be a risk factor
for significant fibrosis or cirrhosis. In 2005 Olynyk et al[23]
showed that the duration of iron exposure by the liver
increases the risk of significant fibrosis in HH, and con
sidered patient’s age as a significant factor for fibrosis
prediction. The product of age and LIC (fibrosis-index)
obtained by liver biopsy or by MRI, with a 480 000 cutoff resulted in a 100% sensitivity and 86% specificity
for the diagnosis of high degree- fibrosis (F3-F4) [23].
MRI can now be used for assessing iron load[35-38]; con
sequently, liver biopsy is no longer required for the eva
luation of iron load[39,40], and the presence of iron in the
reticuloendothelial system can be assessed by MRI of the
spleen[40], thus discarding secondary hemochromatosis
cases (Figure 2). This fibrosis index has been validated

Direct markers: Type Ⅳ collagen is an important component of the normal extracellular matrix, and serum
components of type Ⅳ collagen are thought to primarily
reflect matrix degradation. A serum type Ⅳ collagen level
higher than 115 ng/mL has been found to be 100% sensitive in the prediction of underlying cirrhosis in HH[30].
Recently, the same group has reported similar 100% sensitivity with values > 113, but with only 56% specificity
for cirrhosis[27]. Other fibrosis markers, like serum laminin
and tissue inhibitor of metalloproteinase (TIMP-Ⅰ) levels
(or concentrations), seem to be of little value for fibrosis
prediction in iron overloaded livers[30].
Jensen et al[31] showed that the serum procollagen Ⅲ
N-propeptide, previously studied by Colombo et al[32], and
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A

B

C

Figure 2 Quantification of liver iron concentration using magnetic resonance imaging. A: Hereditary hemochromatosis. Liver iron overload: Important reduction
in signal intensity from the liver; B: Prolonged treatment with phlebotomies. Liver signal intensity is normal; C: Secondary hemochromatosis. Reduction in signal
intensity in the liver and the spleen.

externally by our group[41]. The results we obtained were
close to those in the original paper, but we think that this
index must be taken into account in conjunction with
other predictive parameters.

index) and FibroScan and, probably, MR Elastography,
all constitute reliable non-invasive means for detecting
liver fibrosis. The role of liver biopsy in the study of
hemochromatosis is decreasing. In future, it seems that
lLiver biopsy will only be performed for diagnosis of
associated diseases, or in patients where discrepancies
between radiologic and biochemical markers exist. We
think it is time to take a step forward and to reduce our
“faith” in liver biopsy in favour of non-invasive methods
for liver fibrosis prediction.

RADIOLOGIC TOOLS FOR FIBROSIS
ASSESSMENT
Transient elastography
Transient elastography (FibroScan) is a new non-invasive,
rapid, reproducible method, allowing assessment of liver
fibrosis by measuring liver rigidity[42]. Adhoute et al[33] have
studied the utility of FibroScan and other non-invasive
methods in patients with hemochromatosis. They included 57 cases with 46 controls, obtaining a strong correlation between FibroScan and many biochemical markers,
although ferritin levels did not correlate with FibroScan
values. The prevalence of patients with FibroScan values
higher than 7.1 kPa (cut-off level for significant fibrosis),
was 22.8% in patients with hemochromatosis and 0% in
the controls (P < 0.0001). However, the technique must
be improved, because liver stiffness measurements are uninterpretable in nearly one in five cases of a large prospective series[43], mainly due to obesity, particularly increased
waist circumference, and limited operator experience.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide and a major health
problem in parts of Asia and Africa. The majority of
cases of HCC arise in cirrhotic livers with hepatitis B
being the main cause of nodules developing in the cir
rhotic liver with malignant transformation resulting in
HCC. Survival of untreated patients is poor and sur
gical resection provides the only chance of cure. How
ever, surgery is not suitable for majority of patients in
whom the tumor is metastasized and/or liver function
is seriously undermined. For the majority of the HCC
patients, non-surgical treatments such as transarterial
chemoembolization and radiofrequency ablation are
the only option[1]. These nonsurgical treatments have
been shown to reduce tumor burden and improve sur
vival rate but tumor relapse is common and thus more
effective treatments are required to control tumor grow
th [2]. Early diagnosis and the development of novel
systemic therapies such as immunotherapeutic strategies
may be very important. It has been demonstrated that
the immune system is able to induce responses against
tumors and these responses can be enhanced using a
number of strategies. T cells or T lymphocytes are a
group of immune system cells that play a central role
in cell-mediated immunity. Cytotoxic T cells (CD8 T
cells) and helper T cells (CD4 T cells) recognize tumor
associated antigens presented on MHC class Ⅰ or Ⅱ of
antigen presenting cells via their T cell receptors. The
activated T cells develop into effector and memory T
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The presence of CD8 T cell responses to tumor asso
ciated antigens have been reported in patients with
different malignancies. However, there is very little
information on a comparable CD8 and CD4 T cell res
ponse to a tumor antigen in liver cancer patients.
Here, we re-examine the kinetic and the pattern of
T helper 1 and cytotoxic T lymphocyte responses to
alpha-fetoprotein (AFP), a tumor rejection antigen in
hepatocellular carcinoma (HCC). Then, we discuss the
possibility of using AFP-based immunotherapy in com
bination with necrotizing treatments in HCC patients.
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and immuno-dominant in HLA-A2 transgenic mice[18].
Later, five other AFP-derived peptides containing HLAA2402 binding motifs were also identified. CD8 T cells
recognized these epitopes presented on HLA-A2402 po
sitive hepatoma cells and were developed into cytotoxic
T cells with the ability to lyse tumor cells and produce
IFN- g [13] . Although several HLA-A2 and HLA-24
restricted CD8 T cell epitopes have been identified and
some are classified as immuno-dominant and some as
sub-dominant[11,13], it has been recently suggested that a
high frequency of AFP-specific IFN-g producing CD8
T cells (CTL) are directed against different epitopes
spreading over the entire AFP sequence with no single
immuno-dominant epitope[19]. Our recent data support
these findings and demonstrate that there is no immu
nodominant CD8 T cell epitope within the AFP sequen
ce[20]. Another important finding is that AFP-specific CD8
T cells can be detected in patients with HCC, patients with
non-HCC liver diseases as well as healthy donors[19,21,22].
This is in contrast with the results demonstrating the
absence of anti-AFP CD4 T cell responses in healthy
donors or patients with non-HCC liver diseases[14,16,20]. The
presence of CD8 T cells recognizing AFP, Glypican-3,
NY-ESO-1 and MAGE-1 have been confirmed in healthy
donors[10,19,23,24]. Although AFP-CD8 T cell responses are
detected in non-HCC patients as well as HCC patients, it
has been suggested that this response is stronger in HCC
patients[19]. We were unable to confirm these findings
and no significant differences were observed in the fre
quencies of anti-AFP CD8 T cell responses in healthy
donors and patients with HCC and the same percentages
of responders were observed in HCC patients and
non-HCC patients[20]. The results from several studies
including our recent report support the fact that the de
tection of AFP-specific CD8 T cells does not correlate
with elevation of serum AFP, vascular invasion, liver
function and the type of viral infection[19-21,25]. Similarly,
no association was found between the levels of serum
AFP and Okuda stage in HCC patients and the presence
of CD8 T cell responses to non-AFP HCC associated
antigens such as NY-ESO-1[26]. However, for the first time
we have demonstrated that there is an association between
the stage of liver cirrhosis and the presence of anti-AFP
CD8 T cell responses. Anti AFP-CD8 T cell responses
were observed in 17% of HCC patients with Child-Pugh
A score while this response was detected in 46% of HCC
patients with Child-Pugh B or C[20], demonstrating that
anti-AFP CD8 T cell responses are expanded as liver
cirrhosis progresses. Another interesting finding is that
the frequency of AFP-specific CD8 T cells in the liver of
HCC patients is no higher than that in peripheral blood[19].
This is an unusual finding, as tumor specific CD8 T cells
are generally enriched in the liver[24]. It is possible that liver
infiltrating AFP-specific CD8 T cells undergo apoptosis or
stop responding to peptide stimulation due to exhaustion
or expression of inhibitory molecules such as PD-1.
This negative regulation by PD-1 on NY-ESO-1 specific
CD8 T cell responses has been demonstrated in patients

cells that recognize and lyse tumor cells. Molecular and
immunological approaches have been applied to identify
HCC associated antigens. HCC over-express several
tumor associated antigens[3]. Some of these antigens such
as MAGE, Glypican-3 and NY-ESO-1 are also expressed
by many other types of cancer cells[4,5]. Among these
antigens, alpha-fetoprotein (AFP) is shown to be specific
to HCC and testicular carcinoma. AFP is a glycoprotein
with a molecular weight of around 70 kDa which is
produced in the endodermal cells of the yolk sac and
fetal liver. The synthesis of AFP decreases dramatically
after birth and only trace amounts are expressed in
the adult liver. However, expression of the AFP gene
is reactivated in adults during liver regeneration and
hepatocarcinogenesis[6] with the majority of HCC patients
showing an increase of AFP in serum. The measurement
of serum AFP plays an important role in the diagnosis
of HCC and monitoring responses to the treatment[6]. In
some cases, over-expression of AFP can be detected in
HCC cells even when serum AFP levels are normal[7].
The induction of anti-AFP cell-mediated immune
responses has been demonstrated to control tumor grow
th in animal models. In one study, anti-AFP cytotoxic T
lymphocyte (CTL) response was induced and a significant
survival benefit was observed in mice immunized with
mAFP expression vector DNA while no hepatocyte da
mage was detectable despite low-level endogenous hepatic
mAFP expression, showing that AFP is a tumor rejec
tion antigen[8]. In humans, it has been shown that B and
T cells can recognize peptide epitopes within the AFP
sequence and develop into effector and/or regulatory lym
phocytes[9-17]. Here, we discuss naturally occurring CD8
and CD4 T cell responses to AFP in different groups of
HCC patients and discuss the possibility of combining
trans-arterial chemoembolization (TACE)/trans-arterial
embolisation (TAE) treatment with AFP-based immu
notherapy.

AFP-SPECIFIC CD8 T CELL RESPONSES
CD8 T cells recognize AFP derived peptide epitopes
in the context of MHC class Ⅰ molecules and develop
into cytotoxic T cells with the ability to recognize and
kill tumor cells. An existing immunological paradigm is
that high concentrations of soluble protein contribute
to the maintenance of peripheral tolerance/ignorance to
self protein. However, that is not the case as many AFPspecific CD8 T cell clones are not deleted during onto
geny and AFP derived epitopes are recognized by both
murine and human T cells. AFP-derived peptides with
high probability to bind MHC class Ⅰ (HLA-A2) were
synthesized and tested in vitro. T cell clones recognizing
several AFP-derived peptides were identified. Initially,
four peptides were identified and termed “immunodominant” based on their binding efficiency to MHC
class Ⅰ (HLA-A2) and the ability to stimulate IFN-g
production by CD8 T cells from healthy donors. These
peptide epitopes were also found to be immunogenic
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with ovarian cancer[27] and further studies are required to
establish its effects in patients with HCC. More sensitive
assays for the detection of antigen specific CD8 T cells
such as tetramer staining of AFP-specific CD8 T cells
in liver and peripheral blood are required to confirm
these findings. In a study performed in HLA-A24+ HCC
patients, it was demonstrated that HCC treatments such
as radiofrequency ablation (RF) or TACE can augment
the frequency of circulating AFP-specific (ex vivo) but
not viral-specific, CD8 T cells in some HCC patients[13].
This may suggest that tumor burden may suppress the
expansion of anti-AFP CD8 T cell responses in HCC
patients or that tumor necrosis stimulates the expansion
of anti-tumor immune responses.

[14]

Ⅰ) and low or moderately elevated serum AFP . It is

still unclear why AFP-specific CD8 T cell responses are
detected in all groups of HCC patients (early and late
stage cancer) and there is no association with the levels of
serum AFP levels. We have recently performed a parallel
analysis of AFP-specific CD4 and CD8 T cell responses
in the same group of HCC patients and healthy donors.
The results confirm this trend and demonstrated that antiAFP Th1 response is detectable in 58% of HCC patients
with Okuda stage Ⅰ tumors and 15.8% of patients with
Okuda stage Ⅱ or Ⅲ tumors[20]. When the patients were
classified based on their liver function, anti-AFP Th1
response was observed in 44% of HCC patients with a
Child-Pugh A score (early stage of cirrhosis) whereas this
response was detected in only 15% with a B or C score
(late-stage cirrhosis). These results suggest that anti-AFP
Th1 responses are more likely to be present in patients
who are in an early stage of disease (for both tumor stage
and liver cirrhosis). This indicates that there is a difference
in the activation of anti-AFP CD4 vs CD8 T cells in
HCC patients, with a CD4 T-cell response expanding in
early stages of disease usually associated with low con
centrations of serum AFP and with exhaustion of this
response in later stages of disease in which there is a high
concentration of serum AFP. This is in accordance with
our earlier reports showing that high concentrations of
AFP suppress immune cell function in vitro[32] and CD4 T
cells isolated from HCC patients with high concentrations
of serum AFP are impaired[14]. It seems that anti-AFP
CD4 T cell response is impaired or exhausted in late stage
HCC patients and any effective immunotherapy should
be combined with treatment strategies that restore the
function of these cells. It is possible that CD4 T cells are
more susceptible to immuno-regulatory effects of tumor
cells than that by CD8 T cells. In this case, the removal
of tumor cells, the immuno-regulatory molecules or cells
induced by tumor cells should improve the function of
anti-tumor Th1 cells. In fact, we have shown that tumor
necrotizing treatments such as TACE/TAE that reduce
tumor burden improve the function of AFP-specific CD4
T cells[16]. Different immune-regulatory mechanisms have
been reported in patients with HCC[15,32-34]. For example,
an expansion of CD4+CD25+ regulatory T cells in the
peripheral blood and tumors tissues of patients with HCC
has been reported[33,35,36] and this expansion has an inverse
correlation with the recurrence-free survival[37]. A number
of preclinical murine studies suggest that the depletion
of regulatory T cells augments the effects of immunebased therapies such as anti-tumor vaccines[38]. The lack
of a specific marker for the detection of CD4+ regulatory
T cells makes their in vivo depletion in patients difficult.
However, low-dose cyclophosphamide treatment has
been shown to deplete CD4+CD25+ regulatory T cells in
a murine tumor model[39]. In a recent report, the effect of
a low-dose cyclophosphamide treatment on the frequency
and function of regulatory T cells in patients with ad
vanced HCC were analyzed. A systemic treatment of
HCC patients with low-dose cyclophosphamide decreased

AFP-SPECIFIC CD4 T CELL RESPONSES
It has been shown that CD4 T cells play a crucial role in
the control of tumor growth in both animal models and
cancer patients. It is believed that CD4 T cells provide
help required for the induction of CD8 T cell responses
with the ability to lyse tumor cells in a MHC class Ⅰ, Fas
ligand and perforin dependent manner. T helper (Th) 1
cells can also directly eradicate tumor cells without any
significant involvement of CD8 T cells[28]. This is also
confirmed in experiments involving adaptive transfer of
IFN-g producing CD4 T cells recognizing tumor antigens.
The adaptive transfer of Th1 cells but not CTLs provided
protection against various transplanted or endogenous
tumors in animal models[29,30], suggesting that Th1 cells
play a more important role in tumor immunity than was
initially postulated. This is also shown in a cancer patient
where adaptive transfer of a Th1 clone recognizing NYESO-1 antigen provided sustained clinical remission[31].
Therefore, it is crucial to explore the concept of targeting
HCC-specific Th1 cells in anti-HCC immunotherapy.
We have extensively studied the magnitude and cha
racteristics of circulating AFP-specific CD4+ T cell res
ponses in HCC patients[14-16,20]. In these studies, several
HLA-DR restricted CD4 T cell epitopes within the AFP
sequence have been identified. In contrast to CD8 T cell
responses, an immuno-dominant epitope is established
for CD4 T cells and it is shown that more than 20% of
HCC patients have a detectable response to this immunodominant epitope[14]. Th1 responses to the immunodo
minant epitopes were only observed in HCC patients and
no response was detected in patients with non-HCC liver
disease or healthy controls[14,16,20]. However, this does not
exclude the possibility that Th1 responses to other yet
unknown epitopes could be detected in patients with nonHCC liver disease or healthy controls. The presence of
anti-AFP IgG in the serum of patients with non-HCC
liver disease[17] suggests that AFP-specific CD4 T cell
responses may be present in this group of patients. This
notion is also supported by results showing that CD4 T
cells from healthy donors respond to protein (AFP)-pulsed
dendritic cells by producing IFN-g[21].
Anti-AFP CD4 T cell response are more likely to be
present in patients with early stage disease (Okuda stage
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the frequency and suppressor function of circulating
CD4+CD25+Foxp+ regulatory T cells in peripheral blood
and unmasked anti-AFP T cell responses[40]. The results
suggest that this procedure could be used in combination
with immunotherapeutic approaches in HCC.
In a clinical trial, when both CD4 and CD8 T cells
were targeted by administration of tumor lysate-pulsed
dendritic cells in HCC patients, a partial clinical response
was observed in one out of 35 HCC patients[41]. In this cli
nical trial[41], the induction or expansion of a pre-existing
AFP-specific CD4 T cell response was not analyzed.
However, we believe that this vaccination strategy can
induce or activate both AFP-specific T helper and cyto
toxic T cell responses required for the generation of
potent anti-tumor immune responses. It is possible but
not proven that tumor lysate-pulsed dendritic cells can
also activate the expansion of regulatory T cells and this
can diminish the effectiveness of this immunotherapy
strategy[42]. In fact, it has been suggested that transforming
growth factor-beta1 producing CD4 T cells could be
induced by the AFP-derived peptide epitope[15] and this
may hamper anti-tumor immunity.
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GUIDELINES FOR CLINICAL PRACTICE

Acute esophageal variceal bleeding: Current strategies and
new perspectives
Salvador Augustin, Antonio González, Joan Genescà
and maintained for at least 7 d. In case of failure to
control the acute bleeding, rescue therapies should
be immediately started. Shunt therapies (especially
transjugular intrahepatic portosystemic shunt) are
very effective at controlling treatment failures after
an acute variceal bleeding. Therapeutic developments
and increasing knowledge in the prognosis of this com
plication may allow optimization of the management
strategy by adapting the different treatments to the
expected risk of complications for each patient in the
near future. Theoretically, this approach would allow
the initiation of early aggressive treatments in high-risk
patients and spare low-risk individuals unnecessary pro
cedures. Current research efforts will hopefully clarify
this hypothesis and help to further improve the out
comes of the severe complication of cirrhosis.
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Abstract
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Management of acute variceal bleeding has greatly im
proved over recent years. Available data indicates that
general management of the bleeding cirrhotic patient
by an experienced multidisciplinary team plays a major
role in the final outcome of this complication. It is cur
rently recommended to combine pharmacological and
endoscopic therapies for the initial treatment of the
acute bleeding. Vasoactive drugs (preferable soma
tostatin or terlipressin) should be started as soon as a
variceal bleeding is suspected (ideally during transfer
to hospital) and maintained afterwards for 2-5 d. After
stabilizing the patient with cautious fluid and blood
support, an emergency diagnostic endoscopy should be
done and, as soon as a skilled endoscopist is available,
an endoscopic variceal treatment (ligation as first choice,
sclerotherapy if endoscopic variceal ligation not feasible)
should be performed. Antibiotic prophylaxis must be
regarded as an integral part of the treatment of acute
variceal bleeding and should be started at admission
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INTRODUCTION
Variceal bleeding is a major complication of portal hy
pertension and represents a leading cause of death in
patients with cirrhosis[1,2]. Diagnostic and therapeutic
developments have led to a significant improvement in the
prognosis of this complication over the past two decades.
However, early mortality after an episode of acute variceal
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bleeding (AVB) remains high (15%-24%)[1-5]. This paper
reviews the current knowledge, most recent advancements
and research prospects in the management of patients
with cirrhosis presenting with AVB of esophageal origin.
The prognostic and therapeutic approach to patients
bleeding from gastric varices is clearly different and is not
considered in the present review.

in predicting the outcome after an AVB has been the
subject of a number of studies in the past years[5,6,11-16]
(Table 1).
Prognostic indicators of rebleeding have been assessed
in most studies together with initial failure to control the
acute bleeding and 5 d mortality as a composite endpoint
referred to as “5 d failure”. Severity of liver disease, qua
ntified as Child-Pugh and Model for End-Stage Liver
Disease (MELD) scores or its individual components, has
been widely recognized as a robust independent predictor
of 5 d failure. Active bleeding at initial endoscopy has also
been identified as an important risk factor for 5 d failure
in several studies[6,13,14]. The prognostic value of other re
ported factors (platelet count, etiology of cirrhosis, hema
tocrit, transfusion needs, shock, portal vein thrombosis)
seem to be less reproducible between studies.
Regarding early mortality, severity of liver disease
(mainly Child-Pugh class C) is also the main and most
constant prognostic indicator. The presence of hepa
tocellular carcinoma or occurrence of early rebleeding
when included in multivariate analysis have been also
recognized as important independent risk factors for 6
wk mortality. Recognition of the prognostic relevance of
potentially modifiable factors such as bacterial infection
or renal failure is increasing since these complications
could be regarded as targets of specific therapies aiming
to improve global outcomes after AVB. Other prognostic
clinical variables reported in different studies are shown in
Table 1.
The hepatic venous pressure gradient (HVPG) has
proven an excellent prognostic value for both treatment
failure and survival after AVB[17]. A HVPG value ≥ 20
mmHg in the first 48 h after admission has been asso
ciated with higher treatment failure and mortality in
several studies. However, the discriminating ability of
HVPG after an AVB does not seem to be superior to the
combined use of clinical variables[11].
In summary, available prognostic studies suggest
that the combined use of clinical variables (mainly Child
and/or MELD scores, active bleeding, hepatocellular
carcinoma, bacterial infection and renal failure) along
with HVPG measurements when available are likely to
accurately predict prognosis after AVB. Although it is
worth remarking that no available prognostic models
based on these variables are suited for individual pro
gnostication, it is nevertheless important to highlight
the potential practical value of these predictive tools. A
precise early classification of patients into different risk
strata would make it possible to adapt the therapeutic
approach to the expected outcomes of each stratum.
The use of new statistical approaches based on techni
ques such as Classification and Regression Tree analysis
(CART) may facilitate the recognition of prognostic
subgroups as targets for specific interventions[5,18]. This
method is especially adept at detecting relevant interac
tions between variables and provides intuitive decision
trees allowing the identification of subgroups of patients
that share a specific combination of clinical characteristics
and a similar prognosis, as illustrated in Figure 1. The

NATURAL HISTORY OF ACUTE
VARICEAL BLEEDING
Ruptured esophageal varices cause approximately 70% of
all upper gastrointestinal (GI) hemorrhages in cirrhosis[6].
Therefore, a variceal origin should be suspected in any
cirrhotic patient presenting with a GI bleeding until a
diagnostic endoscopy is performed.
It is known from placebo-controlled trials that appro
ximately 40%-50% of variceal hemorrhages stop spon
taneously[7]. Current available therapies further increase
control of bleeding in about 80% of patients. However,
despite the application of the most effective treatments
available, one out of four patients will still show either a
failure to control the bleeding or an early recurrence of
the hemorrhage in the first 6 wk after the initial bleed
ing[4-6]. This risk peaks during the first 5 d, the period in
which 40% of all rebleedings occur. Afterwards, it de
creases slowly, equaling at 6 wk the risk previous to the
bleeding episode[1,4-6].
A similar improvement in the early mortality of AVB
has been recognized in the past 30 years from the 42% of
the seminal study by Graham and Smith[1] to 15%-24%
with current therapies[1,4-6]. A recent population-based
study from the USA showed a crude in-hospital mortality
decrease from 18% to 11.5% between 1988 and 2004[8].
However, this early mortality rate is still very high and
probably underestimates the true risk since pre-hospital
mortality data are scarce, the only available estimation
being 3%-4%[9]. The risk of death after an AVB episode
shows a similar evolution to that of rebleeding, peaking
during the first 5-10 d and slowly returning to the base
line after 6 wk[1,5].
Due to the difficulties in recognizing a single cause of
death after a variceal hemorrhage, the general consensus
is that any death occurring within 6 wk of admission from
the index bleeding should be considered as a bleedingrelated death[10]. However, it is currently estimated that
20%-40% of deaths after AVB are secondary to uncon
trolled bleeding and exsanguination while the majority
of remaining cases are due to liver failure, infections and
hepatorenal syndrome[6,10]. Therefore, management of
these patients should require a global approach including
hemostatic therapies but also prophylactic strategies to
avoid the above mentioned complications.

PROGNOSTIC STUDIES IN ACUTE
VARICEAL BLEEDING
The value of different clinical and hemodynamic variables

WJH|www.wjgnet.com

262

July 27, 2010|Volume 2|Issue 7|

Augustin S et al . Treatment of acute variceal bleeding
Table 1 Most relevant prognostic studies in acute variceal bleeding published between 1999-2009
Authors
(year)(Ref.)

n

Universal
antibiotic
prophylaxis

Ben Ari et al
(1999)[13]

529

No

EST or VAD
(+ EST if
failure)

224 (42%)

65

No

EST or VAD

23 (35%)

297

No

49 (15%)

Thomopoulous 121
et al (2003)[15]
Lecleire et al
275
(2005)[16]

No

VAD,
Endoscopy
or
combination
VAD + EVL

15 (10%)

Child, portal vein
thrombosis, AST, active
bleeding, transfusion
volume
Not reported

No

Endoscopy

Not reported

Not reported

Abraldes et al
(2008)[14]

117

Yes

VAD +
Endoscopy

18 (15%)

Bambha et al
(2008)[12]

256

Yes

EVL + (VAD
or placebo)

37 (15%)

Augustin et al. 267
(2009)[5]

Yes

VAD +
Endoscopy

55 (21%)

Moitinho et al
(1999)[14]
D’Amico et al
(2003)[6]

Hemostatic Early rebleeding/
treatment treatment failure

Prognostic factors for
rebleeding/treatment
failure
Active bleeding at
endoscopy, platelet
count, time to admission,
alcohol, heart rate,
encephalopathy
HVPG ≥ 20 mmHg

Statistical
Early
Prognostic
mortality factors for early technique
mortality

92 (17%) Encephalopathy,
Cox
Yes
bilirubin, ascites, regression (bootstrapping)
plasma urea,
heart rate, 5 d
failure
6 (9%)
Not reported
Logistic
No
regression
70 (21%) Encephalopathy, Logistic
Yes (split
bilirubin, HCC, regression
sample)
albumin
26 (18%)

Child, shock

107 (23%)

Prothrombin
time, digestive
cancer,
hematemesis,
corticoids, age,
in-patients
Not reported

HVPG ≥ 20 mmHg,
7 (6%)
shock, Child, nonalcoholic cirrhosis
MELD ≥ 18, clot on varix 35 (14%)

Not reported

Validation of
prognostic
models

Logistic
regression
Logistic
regression

No
No

Logistic
Yes
regression (bootstrapping)

MELD ≥ 18,
Bivariate
transfusion
cox
volume, active
analysis
bleeding at
endoscopy, early
rebleeding
63 (24%) Child, infection, Logistic
plasma
regression
creatinine, HCC + CART
analysis

No

Yes (split
sample)

n: total number of patients (only those with variceal bleeding considered); EST: endoscopic sclerotherapy; EVL: endoscopic variceal ligation; VAD:
vasoactive drug; HVPG: hepatic venous pressure gradient; AST: aspartate aminotransferase; HCC: hepatocellular carcinoma; CART: classification and
regression tree; Ref: references.

efficacy of this “a la carte” strategy and the value of the
different stratification approaches should be evaluated
in future randomized controlled trials (RCTs). Finally, it
seems important to remark that the relative weight of
the different variables in the proposed prognostic models
may be substantially affected by the treatments applied in
the cohort. Therefore, new models drawn from cohorts
receiving the current standard of care (i.e. combined
vasoactive drug plus endoscopic ligation plus antibiotics)
will be needed. A recent study by our group showed that
when this standard of care is applied, renal dysfunction is
the main modifiable indicator of bad prognosis in AVB[18].

hepatologists, endoscopists, interventional radiologists
and surgeons, preferably in an intensive care unit (ICU).
Diagnostic and therapeutic decisions should be driven by
a written protocol developed to optimize the resources
of each center. These recommendations have so far been
based mainly on experts’ opinion since objective data on
the issue has been scarce. Nevertheless, over the last years,
a number of studies published evaluating different aspects
of the quality of general management of these patients
may help to optimize current strategies.
On one hand it is clear that the management of pa
tients with AVB and organ dysfunction can be extremely
challenging. Admission of these patients to high-depen
dency or intensive care units is highly advisable. However,
it is worth noting that the outcome of cirrhotic patients
admitted to ICU correlates directly with the number of
organs failing. Sepsis and multiorgan failure, especially
if requiring renal replacement therapy, confer a dismal
prognosis with over 90% mortality[21]. Therefore, consid
eration should be given to the futility of ICU admission
and escalating organ support measures in this subset of
patients, especially if they are not suitable for liver trans

GENERAL MANAGEMENT
There is evidence that current treatment strategies for
AVB have improved survival in different countries[8,19,20].
However, early rebleeding and mortality rates remain
high (15%-24%) in this scenario. For this reason, AVB is
considered a medical emergency and therefore current
guidelines state that it should be managed by a multi
disciplinary team of experienced staff including nurses,
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AVB should include initial resuscitation and specific he
mostatic measures aimed at correcting the hemorrhagic
shock as well as early prevention of severe and frequent
complications that worsen the prognosis of these patients
(mainly bacterial infection and renal dysfunction).

n = 138
Death
No 121 79.8%
Yes
43 26.2%

Child score
≤7

Child score
≤7

n = 66

n = 98

Death (6 wk)
No 61 92.4%
Yes
5
7.6%

Death (6 wk)
No
60 61.2%
Yes 38 38.8%

Low risk

Bacterial
infection
no

Bacterial
infection
no

n = 72

n = 26

Death (6 wk)
No
53 73.6%
Yes 19 26.4%

Death (6 wk)
No
7 26.9%
Yes 19 73.1%

Creatinine
≤ 1.35 mg/dL

Creatinine
≤ 1.35 mg/dL

n = 52

n = 20

Death (6 wk)
No
43 82.7%
Yes
9 17.3%

Death (6 wk)
No
10 50%
Yes 10 50%

Initial resuscitation
Initial resuscitation in AVB follows the general ABC
(Airway, Breathing, Circulation) scheme and it is aimed
at maintaining an appropriate delivery of oxygen to the
tissues.
Extreme care of the airway should be maintained
as the patient is at high risk of bronchial aspiration of
gastric contents and blood. This risk is especially high in
encephalopathic patients and is further exacerbated by
endoscopic procedures. Endotracheal intubation is thus
mandatory if there is any concern about the safety of
the airway. Pulse oxymetry and oxygen administration are
essential to maintain adequate blood oxygen saturation.
Variceal bleeding is often massive; therefore, it is essential
to obtain adequate peripheral venous access in order to
administer fluids and blood products if required.
Optimal volume replacement remains controversial.
Blood volume restitution should be undertaken as soon as
possible with the goal of maintaining systolic blood pres
sure around 100 mmHg. Avoidance of hypovolemia and
prolonged hypotension is particularly important in order
to prevent renal failure and infection which are associated
with increased risk of rebleeding and death[6,7,23]. Never
theless, blood volume replacement and transfusion should
be cautious and conservative since over-transfusion has
been associated with rebound increases in portal pres
sure and more rebleeding and mortality, as suggested by
experimental studies[24,25] and in a recent RCT published
in abstract form[26]. Blood transfusion should be aimed at
maintaining hemoglobin at 7-8 g/L[10,26] except in patients
with rapid ongoing bleeding or ischemic heart or cerebral
disease in which case this threshold should be raised.
The use of vasoactive drugs has been shown to blunt
the increase in portal pressure induced by volume expan
sion[27,28]. It has been suggested that volume replacement
should be done with human albumin fraction or gelatinbased colloid which have been associated with less effect
on clotting compared to dextran, although clinical data is
lacking. Similarly, vigorous resuscitation with saline solu
tion should be avoided because it can worsen or precipi
tate a recurrent variceal hemorrhage and accumulation of
ascites and fluid at other extravascular sites.
Patients with cirrhosis often present with abnorma
lities in coagulation tests and platelet counts. The de
rangement of hemostasis in these patients has long been
thought to play an important role in variceal hemorrhage.
However, these abnormalities seem to be poorly cor
related with bleeding [29]. Recent advancements in the
pathophysiology of hemostasis in cirrhosis have led se
veral authors to challenge these concepts and give new
insights on potential new therapeutic approaches. The
thrombocytopenia that is usually encountered in these

High
risk

Intermediate risk

Figure 1 Prognostic model for 6 wk mortality based on an inductive tree
generated by classification and regression tree analysiss in a cohort of
164 consecutive patients after an episode of acute esophageal variceal
bleeding.

plantation. Besides, recent studies have evaluated the in
fluence of hospital volume and time of admission (week
days or weekends) as indirect measures of quality of care.
Regarding the importance of hospital volume, a recent
retrospective study was unable to show a direct relation
ship between hospital volume and better outcomes[22].
However, it still seems advisable that lack of the above
mentioned facilities should require immediate referral to
an experienced center until more data is available. Finally,
a large cross-sectional study the USA identified a pos
sible “weekend” effect leading to increased mortality for
patients with non-variceal upper GI bleeding which did
not reach statistical significance for variceal hemorrhages.
This weekend effect may be attributable to many consid
erations including patients presenting later in the course
of the disease or system issues (such as the availability and
quality of supportive care with disparities in staff patterns
on weekends).
The therapeutic approach to the cirrhotic patient with
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patients is now considered to impair not only primary he
mostasis but also thrombin generation[30]. Transfusion of
fresh frozen plasma and platelets can be considered in
these patients although the exact role of these measures
has not been evaluated appropriately. Another possibil
ity still to be investigated in clinical trials is treatment
with thrombopoietin[31]. Additionally, several drugs that
act on coagulation and fibrinolytic pathways have been
tested. Desmopressin (DDAVP), a drug that significantly
decreases bleeding time in cirrhosis, has shown no clini
cal benefits in the setting of variceal bleeding[31,32]. The
potential benefit of therapy with anti-fibrinolytic agents,
useful in liver transplantation, has not been evaluated in
clinical trials[33]. The use of recombinant activated factor
[34]
Ⅶ which corrects prothrombin time in cirrhotics has
[35,36]
been assessed in two RCTs
. These studies failed to
show a beneficial effect of this factor over standard ther
apy on preventing treatment failure and so this expensive
therapy cannot be currently recommended.

presenting with after-hours AVB according to the timing
of initial endoscopy[42]. In the early endoscopy group (<
12 h after admission), the rate of finding the bleeding
source was lower and 30 d mortality was higher than in
the delayed endoscopy (12-24 h after admission) cohort.
Another recent study with similar design showed that
a shorter time to endoscopy was not associated with
better outcomes[43]. Again, the retrospective nature of
these studies limits the validity of these observations. In
conclusion, although consensus seems to exist that an em
ergency endoscopy should be performed as soon as safely
possible after admission, more studies are needed to ade
quately address the potential benefits and drawbacks of
this strategy.

PREVENTION OF COMPLICATIONS AND
DETERIORATION IN LIVER FUNCTION
Prophylaxis and treatment of infection
Up to 20% of cirrhotic patients who are hospitalized
due to GI bleeding present with bacterial infections and
an additional 50% will develop an infection while hos
pitalized[44]. This risk is especially high in those patients
with poor liver function (i.e. Child B and C)[45,46]. The most
frequent infections are spontaneous bacterial peritonitis
and spontaneous bacteriemia (50%), followed by urinary
tract infections (25%) and pneumonia (25%)[47]. Presence
of these infections should be systematically ruled out in a
bleeding cirrhotic patient (performing chest x-ray, urinary
analysis and diagnostic paracentesis).
Infection is one of the strongest prognostic indicators
in AVB and is associated with early rebleeding and greater
mortality[5,48,49]. It has been proven that antibiotic prophy
laxis significantly reduces the percentage of patients who
develop infection and rebleeding[50] and that it increases
survival[51]. Therefore, all cirrhotic patients (with or with
out ascites) with upper GI bleeding must receive prophy
lactic antibiotic therapy at admission. The current recom
mended antibiotic schedule is oral norfloxacin at dose of
400 mg BID for 7 d although ciprofloxacin could also be
used[10,19,20]. When the oral route is not possible, quino
lones can be administered intravenously. A recent RCT
suggests that intravenous (Ⅳ) ceftriaxone (1 g/d) might
be more effective than oral norfloxacin in preventing
bacterial infections in Child B and C patients[52]. It seems
advisable that the final choice of antibiotic should be nev
ertheless adjusted to the prevalence of quinolone-resistant
microorganisms at each center. The potential beneficial
effect of prophylactic schemes that cover the high risk 6
wk period after the bleeding remains unexplored.

Diagnostic endoscopy
The gold standard for the diagnosis of variceal hemo
rrhage is endoscopy. A diagnosis of bleeding varices is
accepted if certain pre-specified criteria are met[37]. Cur
rent guidelines recommend performing an emergency
endoscopy as soon as safely possible after admission[10,19,20]
in order to confirm a variceal origin of the hemorrhage
which represents the leading cause of upper GI bleeding
in cirrhotics. However, these recommendations are based
on experts’ opinions and not on objective evidence drawn
from adequately designed studies. On one hand, a certain
amount of indirect data suggests that early performance
of endoscopy may indeed be preferable. First, documen
tation of a non-variceal origin associates a much better
prognosis and directly influences management. Second,
endoscopic therapy clearly improves outcomes in AVB so
the presumption is that early application of endotherapy
may lower treatment failures and mortality. In fact, a
recently published retrospective study[38] identified delayed
endoscopy (defined as performed 15 h after admission) as
a risk factor for in-hospital mortality although important
methodological drawbacks hamper the external validity of
these results. Finally, early endoscopy has proven to lower
costs when performed in patients with non-variceal upper
GI bleeding[39] so the assumption is that it may well be
the same case for variceal bleeding. Unfortunately, these
hypotheses remain unproven in RCTs so far.
On the other hand, several authors suggest that end
oscopy-related complications (such as aspiration pneu
monia) may compromise the potential benefits of early
endotherapy[40]. Moreover, based on available evidence, it
has been argued that early administration of vasoactive
drugs might justify the delay of endoscopy and that en
dotherapy could be added only in case of failure of drugs
to control bleeding[41]. Finally, since performing endo
scopic therapy at the time of diagnostic endoscopy would
spare the patient a second procedure, it is advisable that
a skilled endoscopist is available. A recent retrospective
study from Korea compared the outcomes of patients
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Ascites and renal function
Tense ascites should be treated with paracentesis along
with albumin replacement when indicated. This has been
shown to decrease portal and variceal pressure[53].
The development of renal failure in cirrhotic patients
after an AVB which occur in approximately 11% of cases
is associated with a dismal prognosis[23]. Moreover, serum
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creatinine level at admission of AVB has also proven to
be a robust marker of severity in this setting, regardless
of the evolution of renal function. Although current
consensus set the creatinine level to define renal failure
at 1.5 mg/dL, a lower cut-off (1.35 mg/dL) may allow
an early identification of a high-risk population among
variceal bleeders[5]. The need for aggressive management
of renal dysfunction in cirrhotic patients is widely encou
raged[10]. Renal function should be supported by adequate
fluid and electrolyte replacement (saline solutions should
be avoided), and should be closely monitored. Urine
output should be maintained at a minimum of 40 mL/h;
an output below 20 mL/h indicates poor renal function
and impending renal failure[10]. In this case, active search
and prompt treatment of potential (even non-apparent)
precipitating factors (rebleeding, infection) is mandatory.
Nephrotoxic drugs should be avoided, particularly amy
noglycosides and non-steroidal anti-inflammatory drugs.
The potential beneficial effect of specific strategies (e.g.
short-term albumin infusion) aimed at preventing and/or
treating renal dysfunction after AVB require evaluation in
future studies.

pressure. The rationale of the use of vasoactive drugs is
the assumption that this reduction of portal pressure leads
to a reduction in variceal pressure and a better control of
hemorrhage[28,56]. Indeed, treatment with vasoactive drugs
alone controls bleeding in up to 83% of patients[41].
Whenever a variceal bleeding is suspected, vasoactive
drugs should be started as soon as possible, even before
diagnostic confirmation, and ideally during transfer to the
hospital since a quarter of deaths occur very early after
bleeding onset[9]. Furthermore, a number of trials[57-59]
have shown that early administration of these drugs re
duces the rate of active bleeding during endoscopy thus
facilitating endoscopic procedures. This might lead to a
reduction of side effects, treatment failures and bleeding
related mortality. The optimal duration of therapy with
vasoactive drugs is not well established. Current guidelines
recommend maintaining vasoactive treatment for 2-5 d
since this is the time period in which rebleeding is more
frequent[10,19,20].
Several drugs are available to treat AVB. Published data
does not permit firm conclusions about the superiority of
any of them over the rest and the choice should be based
according to local resources[10,19,20,60].

Nutrition
Malnutrition is frequent in cirrhosis[54] and may contribute
to an increased susceptibility to infections and renal dys
function. Therefore, feeding should be resumed as soon
as a 24 h interval free of rebleeding has been achieved.
Enteral nutrition is always preferable due to lower cost
and complications when compared to parenteral nutrition.
There is currently no empirical evidence to continue rec
ommending low protein diets which could further impair
the nutritional status of these patients[55].

Terlipressin: Terlipressin is a synthetic analogue of va
sopressin with longer activity and fewer side effects. It
reduces portal pressure and its effects are still significant
4 hours after administration[61-63]. The overall efficacy of
terlipressin in controlling variceal bleeding is 75%-80%
at 48 h[64] and 67% at 5 d[65]. Terlipressin has been shown
to significantly improve control of bleeding and survival
when compared to placebo[64,66-68] and is the only drug that
has shown to improve survival. However, terlipressin can
provoke ischemic complications and severe dysrhythmias.
Therefore, it should be used with extreme caution or even
avoided in those patients with a history of ischemic heart
or cerebral disease, limb or gut vascular disease or heart
rhythm disorders.
Terlipressin is given as a 2 g bolus dose every 4 hours
during the first 2 d. The dose is halved after bleeding is
controlled and can be maintained for up to 5 d. Admin
istration of terlipressin at low doses in continuous perfu
sion has been tested in cirrhotic patients with septic shock
with promising results[69,70] but its use in AVB has not been
explored yet and cannot be recommended.

Encephalopathy
Variceal bleeding can precipitate hepatic encephalopathy.
There is insufficient data to support the prophylactic
use of lactulose or lactitol[10] although they can be given
to patients who already present encephalopathy. It is
important to be forewarned about the possibility of al
cohol withdrawal. Judicious use of benzodiazepines or
clomethiazole may be necessary to control an acute depri
vation/withdrawal syndrome. Thiamine administration
should also be considered to prevent Wernicke syndrome
in alcoholic and/or malnourished patients.

Somatostatin: Natural somatostatin also causes splanch
nic vasoconstriction at therapeutical doses and has proven
to reduce portal pressure and HVPG during active bleed
ing[28,71-73]. Additionally, somatostatin blocks the postpran
dial increase in portal blood flow and portal pressure.
Randomized trials and meta-analyses[58,73,74] have dem
onstrated that somatostatin significantly improves control
of bleeding when compared to placebo (63% vs 46%) but
not survival[75]. On the other hand, its beneficial effect on
control of bleeding, early rebleeding and mortality is simi
lar to that of terlipressin with a better safety profile. Major
side effects with somatostatin are extremely rare. Minor

HEMOSTATIC THERAPIES
The treatment of the AVB is aimed at controlling the
acute hemorrhage, preventing early rebleeding and, ultima
tely, reducing mortality. Current recommended initial
management is based on the combination of pharma
cological and endoscopic therapy[10,19,20]. Rescue therapies
such as local tamponade or portal-systemic shunts may be
necessary in case of treatment failures.
Pharmacological therapy
Vasoactive drugs exert their action by reducing portal
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side effects such as vomiting and hyperglycemia occur in
up to 21% of patients and are usually easy to manage.
Somatostatin is usually given at a continuous perfusion
dose of 250 mcg/h after an initial 250 mcg bolus (which
can be repeated up to 3 times during the first hour). The
infusion should be maintained for 5 d[76] or until a 24 h pe
riod free of rebleeding has been achieved. The use of 500
mcg/h doses has been associated with greater decreases in
HVPG[71] and may be more effective in patients with more
severe bleedings[77].

vasoconstrictive properties limit the clinical usefulness of
vasopressin. Its use is associated with multiple side effects,
including cardiac and peripheral ischemia, dysrhythmia
and hypertension, with an overall withdrawal rate of up to
25%[87]. Although the association with nitrates improves
the efficacy and reduces complications of vasopressin,
side effects are still significantly higher than those of ter
lipressin or somatostatin and its analogues[75]. Therefore,
it remains the last choice among pharmacological therapy.
It should not be used at maximal doses beyond the first
24 h after the bleeding. Vasopressin is given at continuous
Ⅳ perfusion of 0.2-0.4 U/min that can be increased to
a maximal dose of 0.8 U/min. It should always be associ
ated to Ⅳ nitroglycerine at a 40-400 mcg/min dose, ad
justed to maintain blood pressure above 90 mmHg.
In summary, vasoactive drugs are effective and safe
and should be used as first line treatment of AVB as
soon as variceal bleeding is suspected. Available data do
not permit firm conclusions regarding the superiority of
one drug over the others, although the efficacy and safety
profile of either terlipressin or somatostatin seems to
be the most adequate, rendering these two drugs as first
choice. Octreotide and vapreotide could also be used if
combined with endoscopy.

Octreotide and other somatostatin analogues: Octreo
tide is a synthetic analogue of natural somatostatin with
similar mechanism of action and longer half life. Howev
er, this does not result in longer hemodynamic effects[78,79],
probably due to the development of tachyphylaxis or
rapid desensitization[80]. The effect of octreotide as single
therapy in AVB is controversial. The only RCT address
ing the issue did not show any benefit of octreotide over
placebo in prevention of rebleeding or mortality[81]. On
the other hand, octreotide appeared to be equivalent to
terlipressin in two other trials which were nevertheless
underpowered and not double-blinded[75]. Overall, the
result of a recent meta-analysis suggests that the benefi
cial effect of octreotide as single therapy in AVB is negli
gible[82]. No placebo-controlled trials have been published
using octreotide before endoscopy, the setting in which
it is frequently used in clinical practice. However, results
of another meta-analysis suggest that, when used on top
of endoscopic sclerosis, octreotide is indeed effective in
preventing early rebleeding with no apparent effect on
mortality[83]. It has been speculated that this beneficial ef
fect of octreotide may be related to its capacity of blunt
ing postprandial increases in portal pressure[84]. The safety
profile of octreotide is similar to that of somatostatin.
The drug is usually given in continuous infusion of 25-50
mcg/h with an optional initial iv or subcutaneous bolus
of 50 mcg. As for somatostatin, it can be given for up to 5
d to prevent early rebleeding. In summary, octreotide may
be beneficial when used along with endoscopic therapy
but has uncertain effects when used alone and therefore
should be considered a second choice when terlipressin or
somatostatin is available.
Vapreotide and lanreotide are two other synthetic an
alogues of somatostatin with comparable affinity for so
matostatin receptors[84]. They both have been shown to
reduce portal pressure in animals but their clinical hemo
dynamic effect in humans is controversial[85]. One study
showed that, when used before endotherapy, vapreotide
was more effective than placebo in controlling variceal
bleeding[86]. Lanreotide did not improve the efficacy of
endotherapy in a recent cooperative RCT that remains un
published[12].

Endoscopic therapy
Endoscopic therapy versus placebo or non-active tr
eatment: Endoscopic sclerotherapy (EST) alone controls
active bleeding in at least 62% of patients[88]. A meta-anal
ysis of the 5 available studies comparing EST with either
sham or non-active treatment demonstrated a significant
reduction in control of acute bleeding, early rebleeding
and mortality[89]. There is no available data comparing en
doscopic variceal ligation (EVL) with placebo.
Endotherapy versus drugs: A number of studies have
compared EST with active drug treatment for AVB. A
meta-analysis of these 13 studies (8 versus octreotide and
5 versus somatostatin) was not able to find significant
differences between the two therapies regarding bleeding
control or mortality[41]. However, differences of serious
adverse events significantly favored somatostatin. No
head-to-head comparisons with drugs have been conduct
ed using EVL as endoscopic modality.
Combined therapy vs drugs or endotherapy alone:
Available individual RCTs and meta-analysis have shown
that combined endoscopic and pharmacological therapy
improves initial control of bleeding and decreases treat
ment failure when compared with either one of them
alone. A systematic review[90] comparing EST alone vs
combined therapy showed a significant reduction in ini
tial and 5 d hemostasis for combined therapy, with no
significant effect on 5 d mortality (Risk ratio, RR: 0.73;
95% Confidence Interval, 95CI: 0.45-1.18). The rate of
serious adverse events appeared to be similar for both
therapeutic regimens. The only study comparing both
strategies using exclusively EVL as endoscopic modality

Vasopressin: Vasopressin is the most potent splanchnic
vasoconstrictor. It reduces blood flow to all splanchnic
organs, leading to a secondary decrease in portal venous
inflow and portal pressure. However, these same potent
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Sclerotherapy vs Ligation: Both EST and EVL (alone
or combined with drugs) have proven to be effective to
control AVB as explained above. Only two RCTs have
specifically compared the efficacy of both endotherapies
when used without vasoactive drugs. One of the studies,
published only as an abstract[96], suggested that EST might
be more effective, while the other study[96,97] showed that
EVL was superior in terms of efficacy and safety. The
only study comparing EST vs EVL as adjuvant therapy to
drugs (somatostatin) has been recently published[96-98]. The
study showed that the combination EVL-somatostatin
was superior to EST-somatostatin in terms of bleed
ing control (treatment failure 10% vs 24%, RR 2.4, CI95
1.1-4.9, P = 0.02) and safety (overall side effects 14% vs
28%, RR 1.9, CI95 1.1-3.5, P = 0.03). Again, the beneficial
effect of EVL on 6 wk mortality (13% vs 21%, RR 1.6,
CI95 0.8-3.1, P = 0.17) did not reach statistical signifi
cance due to the small sample size (total n = 179; β error
for 1.6 risk reduction: 0.48; total n needed to make the
observed RR significant: 690 patients).
Additionally, a recent meta-analysis pooled data of
2 of these trials along with 8 other trials in which EST
and EVL were compared both in acute bleeding and
prevention of rebleeding[47]. The overall results of this
review showed that EVL is better than EST in terms
of controlling the initial bleeding and survival and is ass
ociated with less adverse events. Moreover, one of these
studies also showed that EST but not EVL may induce
sustained increases in HVPG which may affect control
of bleeding and favor an early recurrence[99]. Finally, it has
been claimed that emergency EVL may be more difficult
to perform in the presence of massive bleedings due to a
more reduced field of view compared to EST[100]. Never
theless, the use of multi-shot ligation devices[48] as well as
the reduction in the rate of active bleeding with early drug
therapy have helped to overcome these difficulties[58,86,101].
In summary, all these data support the current consensus
that EVL is the endotherapy of choice in AVB although
some authors still consider EST acceptable if ligation is
not available or technically not feasible.

Table 2 Analysis of pooled data of the only two studies
in acute variceal bleeding comparing combined therapy vs
endoscopy alone in which endoscopic variceal ligation was used
as endoscopic modality

Calés et al[92]
Sung et al[91]
Total

VAD + EVL n /N (%)

EVL n /N (%)

14/98 (14)
5/47 (11)
19/145 (13)

21/98 (21)
11/47 (23)
32/145 (22)

Absolute risk difference for combined therapy: -9.0%, CI95 1.7%-17.7%;
RR: 0.59, CI95 0.35-0.99, P = 0.045. In the study by Calés et al, EVL was not
performed in all patients (the exact percentage of patients receiving EVL
or EST is not provided). VAD: vasoactive drug; EVL: endoscopic variceal
ligation; EST: endoscopic sclerotherapy; n/N: number of events/number
of patients in each treatment arm; CI95: 95% confidence interval.

showed a significant reduction of early rebleeding (EVL
alone 38% vs octreotide + EVL 9%, P = 0.0007) and a
remarkable reduction in 30 d mortality (23% vs 11%, RR
0.45, 95CI 0.17-1.20), which nevertheless failed to reach
statistical significance due to a lack of statistical power
(total N: 94; β error for 50% risk reduction: 0.33; total
N needed to make the observed RR 0.45 significant: 300
patients)[91]. When data from this study is pooled with
data from the other available study in which EVL was
used[92] (either EST or EVL where indistinctly performed
in this study), combined therapy is significantly superior
to endotherapy alone in reducing early mortality (Table 2).
Only two trials have been published comparing com
bined therapy (using EST) with vasoactive treatment
alone: one with somatostatin[93], the other with octreo
tide[94] and the latter only as an abstract. Pooled results of
these studies showed that combined therapy, despite caus
ing more adverse effects, improved control of bleeding
without apparent statistical influence on mortality (14%
vs 21%, relative risk reduction 30%, RR 0.7 95CI 0.29-1.7,
P = 0.4)[89]. Again, the study available as peer-reviewed
article[93] was clearly underpowered to detect otherwise
clinically relevant differences in mortality (total n = 100;
total n needed to render this notable 0.7 RR statistically
significant: 600).
Finally, the only trial comparing the current recom
mended combined therapy (using exclusively EVL) with
drugs alone has been recently published [95]. In this study,
combination of banding ligation and terlipressin infusion
for 2 days was superior to only infusion of terlipressin
for 5 days in the reduction of very early rebleeding (0%
vs 15%, P = 0.006) and treatment failure (2% vs 24%, P =
0.002) in patients with inactive variceal bleeding at endos
copy.
In summary, combined endoscopic and vasoactive
treatment is clearly more effective in controlling active
bleeding and rebleeding than any of them alone but prob
ably with the cost of more adverse effects. The net ben
efit on mortality might likely favor the combination but
all available studies are clearly underpowered to address
effect on mortality. More data are needed to draw firm
conclusions on this key issue.
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Rescue therapies
Despite a careful observation of current recommended
strategies, 10%-20% of patients will still experience treat
ment failure or early rebleeding[19,20]. Mortality of these
patients is high (30%-50%)[102]. This section reviews the
more recent advancements regarding rescue therapies for
AVB.
Second endoscopy: Current guidelines[10] recommend
that failure of the initial combined treatment can be man
aged with a second attempt at endoscopic therapy. How
ever, this recommendation is based on experts’ opinion
since the exact role of a second attempt with endoscopy
for uncontrolled bleedings has not yet been systematically
evaluated.
Balloon tamponade and esophageal stents: Balloon
tamponade is a very effective measure in controlling the
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function. In patients with Child-Pugh score > 13, early
mortality after TIPS is almost inevitable. Moreover, quality
of life of patients surviving salvage TIPS is hampered by
the high incidence of encephalopathy which affects half
of the patients.
According to the most recent guidelines, the current
place of TIPS in AVB is as second line treatment, appli
cable only for those patients in whom the combined phar
macological and endoscopic therapy has failed. However,
technical advances and new studies have stimulated the
interest on readdressing the role of TIPS in AVB. On
one hand, the development of extended polytetra-fluoro
ethylene- covered stents have shown to significantly imp
rove the stent long term patency and reduce the incidence
of encephalopathy when compared with bare stents[114].
This may contribute to improve overall outcomes of pa
tients receiving TIPS.
Besides, two other recent RCTs have reconsidered the
place of TIPS in the management of AVB[115,116]. Both
studies are based on the hypothesis that the benefits of
TIPS may be enhanced if placed early before the patient
deteriorates too much. To this aim, patients at higher risk
of complication should be rapidly identified. The first
RCT used hemodynamic criteria (HVPG ≥ 20 mmHg),
uncovered TIPS as intervention arm and EST as con
trol therapy[115]. The second study, still available only as
abstract, used clinical criteria (Child-Pugh class B with
active bleeding or Child C), covered TIPS and combined
pharmacological and endoscopic therapy (either EST or
EVL) for comparison[116]. In both studies, TIPS signifi
cantly reduced rebleeding and mortality without increasing
the incidence of encephalopathy. Nevertheless, it should
be noted that patients in the control arms of both studies
presented mortality rates that were much higher than what
would be expected if the current standard of care of AVB
(i.e. drug + EVL + antibiotic treatment) had been univer
sally applied so the actual relative benefits of TIPS could
be overestimated.

acute bleeding. The use of Sengstaken-Blakemore tube
when a massive variceal bleeding is suspected allows
initial control of bleeding in up to 80% of patients[103].
Nevertheless, its use is associated with potentially lethal
complications such as aspiration, asphyxia due to balloon
ligation and esophagus perforation which are associated
with a high mortality. Besides, bleeding recurs after defla
tion in over 50% of cases. Therefore, its use should be
restricted to patients with uncontrollable bleeding for a
short period of time (< 24 h) as a bridge to a more defini
tive therapy[19,20]. Airway protection should be considered
when balloon tamponade is used.
Recently, esophageal stents have been proposed as
an alternative to balloon tamponade in the initial control
of massive variceal hemorrhages. These removable selfexpanding devices were able to control initially refractory
bleedings in 70%-100% patients in 3 small non-controlled
pilot studies[104-106]. Theoretically, they will have the advan
tage over tamponade of less severe complications and
additional protection against early rebleeding since they
can be left in place for up to 14 d. However, concerns do
exist regarding the possibility of downstream migration
(especially in patients with concomitant hiatus hernia). An
ongoing multicentric RCT comparing balloon tamponade
and self-expandable stents will hopefully provide useful
information.
Shunting procedures: Both transjugular intrahepatic port
osystemic shunts (TIPS) and surgical derivative procedu
res are extremely effective controlling variceal bleeding in
patients who fail to respond to initial pharmacological and
endoscopic therapies. However, the incidence of encepha
lopathy (which affects over 50% and worsens quality of
life) and mortality (30% in the first month)[107] remain very
high for shunt therapies[108,109], especially for patients with
poor liver function (Child B or C).
Two studies by the same surgical group have shown
almost universal control of bleeding and high long term
survival after early (< 8 h from onset of bleeding) portocaval shunt. The first study was an uncontrolled report
from a large cohort of non-selected cirrhotic patients over
a 30-year period[110]. The second study[111], a RCT compar
ing emergency porto-caval shunt with EST (n = 211),
yielded similar results, with universal control of bleeding
in the surgical arm and clear superiority of shunt over
EST in terms of survival and adverse effects for all ChildPugh classes. Unfortunately, these impressive results have
not been yet equaled by other groups. Although it has
been suggested that surgical shunts may remain an option
in Child A patients[10], its use as first choice rescue therapy
is not currently supported.
TIPS have been proven to be extremely effective in
controlling treatment failures in AVB[112,113]. Final hemo
stasis with TIPS is achieved in 90%-95% of patients
with uncontrolled bleeding[19,20]. However, mortality re
mains high in these patients, mostly due to worsening
of liver function (and frequently multiorganic failure), as
a consequence of multiple transfusions, repeated endo
scopic procedures, infections and deterioration of renal
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CURRENT RECOMMENDATIONS FOR THE
TREATMENT OF ACUTE ESOPHAGEAL
VARICEAL BLEEDING (FIGURE 2)
Available data indicates that general management of the
bleeding cirrhotic patient plays a major role in the final
outcome of this complication. Advancements in this
field are difficult due to inherent methodological issues
(a variety of procedures performed by a multidisciplinary
group influencing a single outcome). However, this gro
wing body of evidence obtained from both RCTs and
real-life data sources should help convince clinicians and
decision makers alike that adequate resources need to
be provided to allow for competent resuscitation, risk
stratification, early endoscopy, the availability of timely
skilled endoscopic intervention, as well as appropriate
more specific therapy - all of which should be coordinated
through a collaborative multidisciplinary group.
It can be currently recommended to combine phar
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CONCLUSION

Suspected acute variceal bleeding

Antibiotics
(initiate early,
maintain 5-7 d)
-

Endoscopy

Management of AVB has greatly improved over the past
recent years. However, treatment failures and mortality
remain high, especially in patients with poor liver function,
even if the current standard of care is carefully applied.
Therapeutic developments and increasing knowledge in
the prognosis of this complication may allow optimization
of the management strategy of AVB in the near future,
adapting the different treatments to the expected risk
of complications for each patient. Theoretically, this
approach would allow the initiation of early aggressive
treatments in high-risk patients and spare low-risk indi
viduals unnecessary procedures. Current research efforts
will hopefully clarify this hypothesis and help to further
improve the outcomes of this severe complication of
cirrhosis.

- 1st choice: terlipressin or
somatostatin
- 2nd choice: octreotide or
vapreotide

Immediate vasoactive therapy

Intensive care setting, experienced staff
Cautious volume restitution
Conservative transfusion policy
Balloon tamponade if massive

Confirmed variceal bleeding
When skilled
endoscopist is available
(< 24 h)
Endoscopic variceal ligation
(sclerotherapy if ligation not feasible)

REFERENCES
Control of bleeding

No
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endoscopic therapy

2
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Maintain
vasoactive therapy
2-5 d
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prophylaxis
(beta blockers ±
ligation)

3

Control of bleeding
No

4

Rescue tips
(or surgical shunt)

5

6
Figure 2 Current recommended management of patients with acute
variceal bleeding.
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of the progression of liver disease but also regarding its
potential relationship with other health outcomes such
as type 2 diabetes mellitus and cardiovascular disease.
This evidence could make liver biopsy mandatory in
the majority of cases at risk of progressive and severe
hepatic and extrahepatic disease. This conclusion, how
ever, raises the question of the feasibility of liver biopsy
assessment in an extremely large at risk population,
and of the cost/effectiveness of this policy. There is a
considerable, continuous interest in reliable, noninvasive
alternatives that will allow the prognosis of pediatric
NAFLD to be followed in large community or populationbased studies.

Lucia Pacifico, Eleonora Poggiogalle, Flavia Ferraro, Claudio
Chiesa, Departments of 1 Pediatrics, Sapienza University of Ro
me, Rome 00161, Italy
Vito Cantisani, Guendalina Menichini, Paolo Ricci, Depart
ments of Radiological Sciences, Sapienza University of Rome,
Rome 00161, Italy
Lucia Pacifico, Claudio Chiesa, National Research Council,
Institute of Neurobiology and Molecular Medicine, Rome 00133,
Italy
Author contributions: Pacifico L, Poggiogalle E, and Chiesa C
designed the study; Menichini G and Ferraro F were responsible
for the review of the literature; Cantisani V and Ricci P analyzed
the data and were responsible for the initial preparation of the
paper;and Pacifico L and Chiesa C prepared the final version of
the manuscript.
Correspondence to: Claudio Chiesa, MD, Institute of Neu
robiology and Molecular Medicine, National Research Council,
Via del Fosso del Cavaliere, Rome 100 00133,
Italy. claudio.chiesa@artov.inmm.cnr.it
Telephone: +39-6-49979215 Fax: +39-6-49979216
Received: December 23, 2009 Revised: July 6, 2010
Accepted: July 13, 2010
Published online: July 27, 2010

© 2010 Baishideng. All rights reserved.

Key words: Nonalcoholic fatty liver disease; Children;
Insulin resistance; Ultrasound; Magnetic resonance
imaging
Peer reviewers: Papandreou Dimitrios, PhD, MD, RD, Ass
istant Professor of Nutrition, Department of Health Science,
University of Nicosia, Cyprus; Head of Pediatric Obesity Unit,
Aristotle University of Thessaloniki, School of Medicine, Ahepa
General Hospital, P. Mela 22 GR 54622, Greece; Henning Gron
baek, MD, PhD, Department of Medicine V (Hepatology and
Gastroenterology), Aarhus University Hospital, Aarhus C8000,
Denmark

Abstract
The true prevalence of pediatric nonalcoholic fatty
liver disease (NAFLD) is unknown. Challenges in deter
mining the population prevalence of NAFLD include
the type of test (and the reference intervals used to
define normal and abnormal), the type of population
(general population, hospital series), the demographic
characteristics of the population sampled, and the
nature of the study design. The natural history of pe
diatric NAFLD remains uncertain. The issue of when
to perform a liver biopsy in children with suspected
NAFLD remains controversial. Children with NAFLD but
normal alanine aminotransferase are rarely investigated.
However, evidence of alterations in glucose metabolism
parameters should prompt a better understanding of
the natural history of pediatric NAFLD not only in terms

WJH|www.wjgnet.com

Pacifico L, Poggiogalle E, Cantisani V, Menichini G, Ricci
P, Ferraro F, Chiesa C. Pediatric nonalcoholic fatty liver dis
ease: A clinical and laboratory challenge. World J Hepatol
2010; 2(7): 275-288 Available from: URL: http://www.wjg
net.com/1948-5182/full/v2/i7/275.htm DOI: http://dx.doi.
org/10.4254/wjh.v2.i7.275

INTRODUCTION
Over the last 2 decades, the rise in the prevalence rates
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dren. Burger et al[25] then showed that only 48% of obese
children with intrahepatic fat accumulation (as evidenced
by HFF ≥ 5.5% using fast-MRI) had abnormal ALT levels. Finally, we recently showed that obese children with
elevated ALT had a much higher mean level of MRI HFF
than obese children with normal serum ALT[26].
On the other hand, the way in which clinical labora
tories determine their own upper limits of normal values
for aminotransferases is critically important in determining
the absence as well as the presence of fatty liver disease[23].
Validated standards are not used to establish upper normal
limits for ALT and aspartate aminotransferase (AST)[27].
Instead, laboratories use locally defined reference popu
lations to establish their own reference intervals for
these tests. Recently, Newschwander-Tetri and colleagues
showed that the primary factor contributing to the widely
divergent values of upper limits of normal ALT is related
to the characteristics of the cohorts used by individual
laboratories to establish their own reference intervals[23].
Among factors contributing to the variability in reference
cohorts used to establish upper limits of normal values,
obesity could be a major factor. As obesity increases
in the general population, such reference populations
could increasingly include individuals with unsuspected
NAFLD, which would skew the upper reference limit
to inappropriately high levels. Thus, laboratories should
consider identifying healthy adults as well as children
without risk factors for insulin resistance and fatty liver
disease when establishing reference groups for testing
serum ALT and AST levels[23]. Also, anthropomorphic,
clinical, or demographic differences other than obesity
could be responsible for the variation between laboratories.
Care providers often use multiples of reported upper
limits of normal values as criteria for further evaluation
of the abnormality by imaging, and even liver biopsy.
However, multiplying inaccurate upper limits of normal
values only multiplies the errant value created by using the
local reference population[23]. As expected, the sensitivity
and specificity of aminotransferase measurements in the
diagnosis of pediatric NAFLD is not established. Alter
native approaches include imaging modalities such as
liver ultrasound, although the diagnostic accuracy of this
approach has its limitations (see section “Laboratory ass
essment of NAFLD”).
A further challenge in assessing population prevalence
is the selection of a representative population with mini
mal bias[22]. However, most prevalence studies have been
conducted in cohorts of children selected for overweight
or obesity, many of whom were referred for medical eva
luation of obesity. The prevalence of elevated ALT in
obese youth has been reported as 10%-14% in the United
States adolescents[5,28], 24% in Hispanic youth[16], 25%
in Italian youth[11], 24% in Japanese youth[29], and 48%
in youth with type 2 diabetes[30]. There are also studies
using ultrasound to assess the prevalence of suspected
fatty liver in obese children. The prevalence of echogenic
liver in obese youth has been reported as 77% in Chinese
youth[13], 28% in German youth[18], 42%-53% in Italian

of overweight and obesity probably explains the emergence of nonalcoholic fatty liver disease (NAFLD) as the
leading cause of liver disease in the pediatric population
worldwide[1]. NAFLD is a clinicopathologic condition
characterized by abnormal lipid deposition in hepatocytes
(steatosis) in the absence of excess alcohol intake and
represents a spectrum of liver disease ranging from bland
(simple) steatosis to nonalcoholic steatohepatitis (NASH)
that may lead to fibrosis and cirrhosis. It is a likely common cause of cryptogenic cirrhosis[2]. Once cirrhosis is
present, hepatocellular carcinoma may also develop[3]. At
present, the most commonly used noninvasive tests to detect NAFLD include measurement of serum aminotransferases and liver ultrasound. Although these tools are useful for the diagnosis of NAFLD, they lack the sensitivity
and specificity to distinguish NASH from simple steatosis
and determine the presence of fibrosis. Thus, currently,
a liver biopsy remains the only reliable way to identify
NASH[1]. Despite several advances, there are limited data
on the epidemiology and natural history of the disease in
children. This review will outline the current knowledge,
recent advances, and challenges regarding the prevalence,
pathogenesis, natural history, and diagnosis of pediatric
NAFLD.

PREVALENCE OF PEDIATRIC NAFLD
The true prevalence of pediatric NAFLD is unknown
(Table 1)[4-21] . There are inherent challenges in determining the population prevalence of NAFLD. The first challenge is the kind of test (and the cutoff-points used to
define normal and abnormal) used in making diagnosis of
NAFLD[21]. Diagnosis requires liver biopsy, which is not
feasible in a population-based study. Therefore, most studies use serum aminotransferase elevations as a surrogate
marker for fatty liver disease (in conjunction with negative markers for other types of liver disease)[22]. Especially
germane to this issue is the common use of serum levels
of aminotransferases during routine health care examinations to detect unsuspected liver disease[23]. However,
the spectrum of fatty liver appears to encompass a wider
range of subjects than identified by elevated serum liver
chemistries. Franzese et al[11] demonstrated a lack of agreement between ultrasonography and serum aminotransferase levels in cases of fatty liver. Of the 53% of obese
children with fatty liver identified by ultrasound, only 32%
had abnormalities in serum aminotransferases. In subjects
with more severe steatosis, a higher proportion of abnormalities in serum aminotransferases (56%) existed. These
findings suggest that heavy infiltration is required for abnormalities in serum aminotransferases to occur. Previous
studies have also demonstrated the insensitivity of serum
alanine aminotransferase (ALT) in detecting hepatic fat
accumulation in obese children as indicated by fast-gradient echo magnetic resonance imaging (fast-MRI) pulse
sequences. Using fast-MRI Fishbein et al[24] first showed
the insensitivity of serum aminotransferases to detect low
levels (< 18%) of hepatic fat fraction (HFF) in obese chil-
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Table 1 Studies providing an estimate of nonalcoholic fatty liver disease in the pediatric population
Authors/year/country

Sample size (n ) Age range (yr)

Tominaga et al/1995/Japan[4]
Strauss et al/2000/USA[5]
Park et al/2005/Korea[6]

810
2450
1594

4-12
12-18
10-19

Schwimmer et al/2006/USA[7]

742

2-19

Tominaga et al/2009/Japan[8]
Alavian et al/2009/Iran[9]
Tazawa et al/1997/Japan[10]

846
966
310

6-15
7-18
6-11

72

4-15

375

8-16

Chan et al/2004/China[13]

84

7-18

Flores-Calderon et al/2005/
Mexico[14]
Louthan et al/2005/USA[15]

80

8-10

181

4-17

Quiros-Tejeira et al/2007/USA[16]

517

4-19

Rocha et al/2009/Brazil[17]

175

12-15

Denzer et al/2009/Germany[18]

532

8-19

43

9-13

Franzese et al/1997/Italy[11]
Guzzaloni et al/2000/Italy[12]

Papandreou et al/2009/Greece[19]

Clinical characteristics

Criteria

Prevalence (%)

Population-based (Japan)
Ultrasound echogenicity
Population-based (NHANES Ⅲ)
Elevated ALT (> 30 U/L)
Population-based (Korean
Elevated ALT (> 40 U/L)
NHANES)
Population-based (Autopsy
Liver histology with ≥ 5%
data, San Diego County)
hepatocytes containing fat
Population-based (Japan)
Ultrasound echogenicity
Population-based (Iran)
Ultrasound echogenicity
Obese cohort (% IBW/height
Elevated ALT (> 30 U/L)
over 120)
Obese cohort (% IBW/height
Ultrasound echogenicty
over 120)
Obese cohort (BMI > 2 SD
Ultrasound echogenicity
for chronologic age)
Obese cohort (BMI > 95th
Ultrasound echogenicty
percentile)
Overweight (> 85th) and obese (>
Elevated ALT (> 40 U/L)
95th percentile) cohort
Obese cohort (BMI > 95th
Elevated ALT (> 40 U/L)
percentile)
Obese cohort (BMI > 95th
Elevated ALT (> 97.5th percentile for
percentile)
age-and sex-specific reference values)
Obese cohort (WC > 75th
Ultrasound echogenicity
percentile)
Obese cohort (BMI > 90th
Ultrasound echogenicity
percentile)
Obese cohort
Ultrasound echogenicity

2.60
3.00
3.20
9.60
4.40
7.10
24.00
53.00
42.00
77.00
42.00
8.00
24.00
1.70
28.00
42.00

IBW: ideal body weight; BMI: body mass index; NHANES: national health and nutrition examination survey; ALT: alanine aminotransferase.

youth[11,12], 66% in Japanese youth[10], and 74% the United
States adolescents[28].
Further challenges in assessing population prevalence
are inherent variables based on the age, sex, race, and
ethnicity of the population sampled[21]. Keeping this in
mind, there are few population-based prevalence studies
of pediatric NAFLD. The National Health and Nutrition
Examination Survey (NHANES), cycle Ⅲ, examined a
nationally representative sample of children and adults
between 1988 and 1994[5]. The sample included 2450
adolescents, ages 12 through 18 yr. Abnormal serum ALT
levels were found in 75 (3%) of adolescents[5]. Other
factors associated with elevated ALT levels included
increasing age. Data obtained from 1594 subjects aged
10-19 yr from the Korean National Health and Nutrition
Examination Survey 1998, found that the prevalence
of elevated ALT was 3.6% in boys and 2.8% in girls[6].
Population-based prevalence of pediatric NAFLD has
also been estimated using imaging techniques. A study
of 810 Japanese students (ages 4 to 12 yr) attending a
public kindergarten and elementary school found a 2.6%
prevalence of echogenic liver at ultrasound examination[4].
Fatty liver was found in children as young as 6 yr of age.
Fatty liver prevalence was higher for boys than for girls.
Although liver biopsy cannot be used as a screening
tool in (pediatric) population studies, autopsy series
is another way of estimating prevalence based on the
histological diagnosis within select populations [22] .
Schwimmer et al conducted a retrospective analysis
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of 742 children between the ages of 2 and 19 yr who
had an autopsy performed in San Diego County by
a county medical examiner from 1993 to 2003. Fatty
liver was defined as ≥ 5% of hepatocytes containing
macrovesicular fat[7]. After standardization for age, gender,
race, and ethnicity, the estimated prevalence of fatty liver
was 9.6%, which represented ~70 000 children ages 2 to
19 yr in the county of San Diego[7]. Fatty liver prevalence
increased with age and differed significantly by race and
ethnicity. The highest rate of fatty liver was seen in obese
children. The results of this study confirm that fatty liver
is the most common liver abnormality in children ages 2
to 19 yr.

PATHOLOGIC ASSESSMENT OF NAFLD
Liver biopsy remains an important tool in the diagnostic
process in patients with NAFLD. The distinction between
simple hepatic steatosis and potentially progressive NASH
can only be made by liver biopsy, which can assess the
presence and extent of necroinflammation and fibrosis.
Nonetheless, even liver biopsy has important limitations
that need to be considered. The basic assumption that
the small fragment collected through percutaneous liver
biopsy is representative of overall hepatic involvement
has been seriously challenged. A needle biopsy sample
usually represents around 1/50 000 of the total mass
of the liver[31]. In addition, many studies have been pub
lished showing considerable sampling variability for
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most histological features[32,33]. Ratziu et al[34] compared
histological findings in 51 patients with NAFLD, each of
whom had two samples collected through percutaneous
liver biopsy. None of the features examined displayed
high levels of agreement. Substantial agreement was only
seen for steatosis grade; moderate agreement was seen
for hepatocyte ballooning and perisinusoidal fibrosis; and
lobular inflammation displayed only slight agreement. Six
of 17 patients with bridging fibrosis (35%) in one sample
had only mild or no fibrosis in the other and, therefore,
could have been under-staged by a single biopsy. Ratziu
et al[34] concluded that histological lesions of NASH were
unevenly distributed throughout the liver parenchyma
and that sampling error in liver biopsy can, therefore,
result in substantial misdiagnosis and staging inaccuracies.
Merriman et al, through a careful comparison of paired
lobar biopsies in subjects at high risk of NAFLD, have
also shown significant sampling variability in NAFLD.
In their study, agreement for steatosis was excellent, mo
derate for fibrosis and only fair for most components
of necroinflammation[35]. This variability can have an
important impact on the diagnostic performance of liver
biopsy specimens, as well as in the staging or grading of
hepatic disease. Furthermore, liver biopsy is an invasive
procedure, and not suitable for repeated evaluations.
It has been demonstrated that the higher the ALT
levels, the higher the risk of NASH[36,37]. Not surprisingly,
children are usually selected for liver biopsy to confirm
NAFLD where it appears to be the only explanation
for the either persistently or intermittently elevated ser
um aminotransferases, associated with diffusely hype
rechogenic liver tissue at ultrasound examination[22,38-43].
At present, children with NAFLD but normal ALT are
rarely investigated or indicated for liver biopsy[38], and
the value of performing a biopsy in this situation is still
debated[42,44-47]. All patients, including children, within the
spectrum of NAFLD should be considered potentially
affected, not only by hepatic but also by a multisystemic
disease. This suspicion would be even stronger in the
presence of elevated insulin resistance, which is a sensitive
predictor of both progressive liver disease and severe
extrahepatic disease. Diabetes and insulin resistance have
been reported as the factors most closely associated with
severe liver disease in adults as well as in children with
biopsy-confirmed NAFLD but in the absence of ALT
abnormalities[45,46]. Hypertension, one of the main features
of the metabolic syndrome, has been reported to be more
prevalent in adult patients with NAFLD and normal
ALT than in those with increased liver enzymes[45]. The
clinician should, therefore, be aware that the metabolic
alterations related to steatosis and to adipose tissue-related
endocrine dysfunction occur independently of overt
liver damage and that even fatty liver per se is frequently
associated with extrahepatic manifestations of insulin
resistance syndrome[45,48]. Furthermore, studies using a
priori selection based on the exclusion of children with
normal ALT levels from liver biopsy will not reflect the
true extent of NASH-related liver damage in the gen
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eral pediatric population. Indeed, it is known that liver
enzymes may be within the reference intervals in up to
70% of patients with diagnosed NAFLD and that normal
liver enzymes cannot be reliably used as a criterion to
argue against the usefulness of performing liver biopsy in
at risk patients[49,50]. This evidence could make liver biopsy
mandatory in the majority of cases at risk of progressive
and severe hepatic disease, as well as of extrahepatic
manifestations, unless accurate, noninvasive tests, which
are currently unavailable, prove their efficacy. This con
clusion, however, raises the question of the feasibility
of liver biopsy assessment in an extremely large at risk
population, and of the cost/effectiveness of this policy[45].
The histological features of NAFLD in children in
clude a wide spectrum of alterations including simple
steatosis (macrovesicular steatosis, characterized by a
single or a few large droplets of fat and displacement
of the nucleus, in hepatocytes without inflammation),
NASH (macrovesicular steatosis in hepatocytes asso
ciated with inflammation and fibrosis), and cirrhosis.
The distinction between simple hepatic steatosis and
potentially progressive NASH can only be made by liver
biopsy, which can assess the presence and extent of
necroinflammation and fibrosis. The minimum criteria
for NASH are: steatosis, with macrovesicular fat greater
than microvescicular fat; mixed, mild lobular inflam
mation with scattered polymorphonuclear leukocytes
and mononuclear cells; and ballooning degeneration of
hepatocytes that are most apparent near steatotic liver
cells[51]. A growing body of evidence suggests that children
with NASH frequently show histopathological features
that differ from those of adults[38,43]. A unique histological
pattern, type 2 NASH, is reported in pediatrics[51]. In
this pattern, inflammation and fibrosis are accentuated
in the portal areas[38,43], in contrast to the perisinusoidalpericellular injury typically observed in adults with NASH
(type 1 NASH)[38]. The single-center, retrospective study
by Schwimmer et al[38] performed on 100 pediatric patients
with biopsy-proven NAFLD, identified type 1 NASH
(characterized by steatosis, ballooning degeneration, and
perisinusoidal fibrosis) in 17% of subjects, type 2 NASH
(characterized by steatosis, portal inflammation, and portal
fibrosis) in 51%, and an overlap in 16% of patients. Boys
were significantly more likely to have type 2 NASH and
less likely to have type 1 NASH than girls. The NASH
type differed significantly by race and ethnicity. Type 1
NASH was more common in white children, whereas type
2 NASH was more common in children of Asian, Native
American, and Hispanic ethnicity. In cases of advanced
fibrosis, the pattern was that of type 2 NASH. The singlecenter, prospective study by Nobili et al[39] performed on
84 children (with unknown history of race and ethnicity)
with biopsy-proven NAFLD, identified type 1 NASH
in 2.4% of subjects, type 2 NASH in 28.6%, and an
overlap in 52.4% of patients. Recently, in the multicenter,
retrospective study by Carter-Kent et al[43] performed on
130 children with NAFLD (52% of patients, Caucasian;
1%, African American; 18%, Asian; and 30%, Hispanic),
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overlapping features of both type 1 and type 2 NASH
were found in 82% of patients. Thus, it is likely that a
spectrum of disease patterns exists in pediatric NASH[51].

sequence of manganese superoxide dismutase (MnSOD),
a potent scavenger localized to mitochondria with a key
role in scavenging excessive oxidative stress to hepatocytes
in NASH patients. This showed that the T/T genotype
frequency was significantly higher in NASH patients in
comparison with that in the controls. This results in a
decrease of MnSOD capacity to detoxify superoxide
anions produced in mitochondria, and, therefore, favours
excessive oxidative damage inside hepatocytes and NASH
progression[60]. Miele et al studied Kruppel-like factor
6, previously identified as a ubiquitous transcription
factor and immediate early gene expressed in activated
hepatic stellate cells after liver injury[63,64], and therefore
possibly involved in the process of liver fibrogenesis.
They found that the wild type gene was associated with
the severity of fibrosis in NAFLD livers, independently
of age, sex, body mass index (BMI), and blood glucose
level[65]. They also showed preferential transmission of the
wild type Kruppel-like factor 6 to children with fibrotic
NAFLD[65]. Finally, in a population comprising Hispanic,
African American, and European American individuals,
Romeo et al[66] demonstrated that an amino acid sequence
variant [rs 738409 (G), encoding 1148M] in patatin-like
phospholipase A3 (PNPLA3), a protein of unknown
function, was strongly associated with increased hepatic
fat levels [evidenced by proton magnetic resonance
spectroscopy (MRS)] and with hepatic inflammation (as
shown by release of liver enzymes into the circulation).
The allele was most common in Hispanics, the group
most susceptible to NAFLD; and hepatic fat content
was more than twofold higher in PNPLA3 homozygotes
than in noncarriers. Resequencing revealed another allele
of PNPLA3 [rs6006460 (T), encoding S4531] that was
associated with reduced hepatic fat content in African
Americans[66], the group at lowest risk of NAFLD. Thus,
variation in PNPLA3 contributes to inter-individual diffe
rences in hepatic fat content and susceptibility to NAFLD.

PATHOGENESIS OF NAFLD
A crucial question is that of the underlying difference
between people who deposit fat in their liver and those
who do not[52]. Similarly, it remains to be determined why
some of those who deposit fat go on to develop NAFLD,
cirrhosis, and liver failure[52]. A “two-hit” theory for the
development of NASH has been proposed[53]. Hepatic
steatosis resulting from obesity and hyperinsulinemia is
then followed by a second hit of oxidative stress and lipid
peroxidation. However, the linkage between inflammatory
changes signified by elevation of ALT and further oxida
tion stress is still unknown[13].
A genetic predisposition is indisputably present in
NAFLD, and one possibility is that genetics influence
the observed heterogeneity in the development of these
traits. Clinical case series have shown familial clustering of
NAFLD[54,55]. Recent research on heritability of NAFLD
has shown how family members of children with NAFLD
should be considered at high risk for NAFLD even in the
absence of obesity or increased serum aminotransferase
levels[56]. Furthermore, there are racial and ethnic diffe
rences in the prevalence of NAFLD[7,57].
Genetic studies
A number of genes regulate a wide spectrum of me
chanisms involved in NAFLD pathogenesis, including
lipid accumulation into the liver, oxidative stress, inflam
mation, and fibrogenesis. Their expression relates not
only to fat accumulation but also to the different mecha
nisms implicated in disease progression[58]. Several poly
morphisms capable of increasing the severity of disease
have been identified[59]. For example, a number of studies
have analysed genes implicated in liver fat accumulation,
adipokine/cytokine networks, oxidative stress, and fi
brogenesis. The microsomal triglyceride transfer protein
(MTP) is a key factor for the transfer of triglycerides to
nascent apolipoprotein B, producing very low-density
lipoprotein (VLDL) and removing lipid from the hepa
tocyte. The functional polymorphism 493 G/T in the
MTP gene has been linked to the severity of liver disease
in NAFLD: GG homozygosity, or carrying a lower MTP
activity (which would lead to less triglyceride excretion
as VLDL, and greater accumulation of lipid inside the
hepatocytes) than the other genotypes, predicted more
severe liver histology [60], independently of adipokine
levels and insulin resistance[61]. Along the same lines, a
recent study showed that adiponectin single-nucleotide
polymorphisms 45GT and 276GT were more prevalent
in NAFLD patients than in the general population, and
independently predicted the severity of liver disease in
NASH[62]. Similarly, a recent study in NASH patients
and healthy volunteers evaluated the distribution of the
1183 T/C polymorphism in the mitochondrial targeting
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NATURAL HISTORY OF NAFLD
Current studies suggest that the rate of progression of
NAFLD relates to histological severity[67]. There is sig
nificant debate about the clinical significance and pro
gnosis of simple or “bland”steatosis. This condition is
thought to be readily reversible. Once significant fibrosis
is present, however, it is unclear if this can be reversed[68].
Changes in fibrosis stage have been specifically evaluated
in independent series[69-72]. Overall, fibrosis progresses
over time, but it may remain stable for some years and
may improve spontaneously in some cases[69-73]. Increased
risk of fibrosis appears to be associated with central
obesity, insulin resistance states including diabetes as
well as features of the metabolic syndrome, in particular
high triglyceride and low HDL levels[67]. More advanced
stages of NAFLD appear to be associated with older age,
higher BMI, diabetes, hypertension, high triglycerides,
and/or insulin resistance [67]. An AST/ALT ratio > 1
may also indicate more severe disease[68,74]. The findings
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from different studies are not completely consistent as to
which factors are independently associated, and this may
depend on the population studied (patients with elevated
liver enzymes vs morbidly obese patients vs subjects in
the general population)[68]. As fibrosis progresses over
time, other features of NAFLD, including steatosis, infla
mmation and ballooning of hepatocytes, significantly
improve or disappear[71]. In addition, aminotransferases,
when elevated, improve or normalize spontaneously over
time despite fibrosis progression[71]. Thus, fibrosis severity
may be the only biopsy feature useful to predict the longterm prognosis in patients with NAFLD. Furthermore, it
is possible that the long-term complications of NAFLD
might have been underrecognized and underreported, as
the characteristic features of macrovesicular steatosis may
disappear in the late stages of the disease, leading to a
picture of “bland”cirrhosis, which is frequently described
as “cryptogenic”, rather than NAFLD-related cirrhosis[67].
Most studies evaluating the long-term prognosis of
patients with NAFLD originate from specialized care
centers at which adult patients had been selected to un
dergo liver biopsy [75-79]. The retrospective analysis by
Matteoni et al[75] comparing clinical characteristics and
outcomes of 98 adult patients with different types of
NAFLD over an average (SD) follow-up of 8.3 (5.4)
years, demonstrated that the outcome of cirrhosis and
liver-related death was not uniform across the spectrum
of NAFLD. Poor outcomes were more common in types
3 and 4 NAFLD (currently designed as NASH)[75]. This
study suggested that histological findings may have prog
nostic value in patients with NAFLD. Other hospitalbased studies of the histological subgroup of NAFLD
patients with NASH have documented progression to
cirrhosis and hepatocellular carcinoma, but have been
limited by the small numbers of adult patients and/or
average follow-up of less than 5 years[76-78]. More recently,
the study by Rafiq et al, with a median follow-up period
of 18.5 years, has shown that liver-related mortality of
the NASH cohort [mean (SD) age, 68.9 (10.8) yr] incre
ased to 17.5% in comparison with only 2.7% in the nonNASH NAFLD cohort [mean (SD) age, 71.7 (11.3)
yr][80]. These findings confirm that with longer followup periods, more NASH patients die as a result of liverrelated disease. It also confirms that most patients with
non-NASH (simple steatosis or steatosis with nonspecific
inflammation) are not subject to liver-related death. This
relatively nonprogressive course of non-NASH NAFLD
has been reported by others[79-81].
Accurate data are also needed on the extent to which
NAFLD causes morbidity and mortality in the general
population. There are few population-based studies to
determine the long-term prognosis of NAFLD. Using
the resources of the Rochester Epidemiology, Project,
Adams et al[82] conducted a population-based cohort study
to examine the natural history of patients [mean (SD)
age, 49 (15) yr] diagnosed with NAFLD on the basis of
imaging studies or liver biopsy. Mean (SD) follow-up was
7.6 (4.0) years culminating in 3192 persons/years follow-
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up. Liver-related death was the third most common cause
of death in those with NAFLD while it was the thirteenth
most common cause of death in the general population.
Utilizing data from the NHANES III and the NHANES
[83]
Ⅲ Linked Mortality File, Ong et al conducted a study
to determine the overall and liver-related mortality of
NAFLD in the general population including 12822 per
sons. Liver disease was the third cause of death among
persons with NAFLD after cardiovascular disease and
malignancy[83]. This risk was independent of obesity or
the presence of diabetes mellitus. On the other hand, liver
disease was only the eleventh most common cause of
death in persons without liver disease[83].
Although NAFLD is very common in the pediatric
population, data on the prognosis of NAFLD in children
remain scant. Given the large number of children affected,
it is imperative that we establish a better understanding
of the natural history of pediatric fatty liver in terms of
the progression of liver disease[7]. Although some series
have reported documented cases of cirrhotic stage disease
in children[7,84] or cases of children with NAFLD who
developed cirrhosis in young adulthood[85,86], cirrhosis is
not considered to be a common component of pediatric
NASH. Some Authors have speculated that the delay in
presentation of cirrhosis until adulthood may be due to
the short duration of the process or to introduction of a
cofactor after childhood[87]. Notably, cirrhosis is reported,
though rarely, in patients with NAFLD associated with
pituitary dysfunction[88-90]. This liver disease, which is
more likely to present with or include hepatopulmonary
syndrome[88,91], will add to the morbidity and mortality
of this patient population. Despite careful monitoring
and treatment of endocrine abnormalities, recurrence of
NASH after liver transplantation has been documented in
two children who had a history of hypothalamic/pituitary
dysfunction[88,89] and developed decompensated liver dis
ease from NAFLD[91].
In contrast, hepatic fibrosis is frequently observed
in pediatric NASH. Kinugasa et al[84] found, by routine
laboratory examination, elevated levels of serum tran
saminases in 36 (12%) of the 299 obese children studied.
Liver biopsies carried out in 11 of the 36 children showed
fibrous changes in five patients. One patient, a 15-yearold girl with a long history of obesity, had cirrhosis along
with maturity-onset diabetes mellitus and hyperlipidemia.
Baldridge et al[87] reported on a series of 14 obese chil
dren with idiopathic hepatic steatosis, identified by
retrospective review of all liver biopsies performed in a
tertiary-care pediatric hospital. Thirteen of the 14 children
had portal fibrosis, and many also had central sclerosis,
central portal bridging, and portal-portal bridging. Rashid
and Roberts reported on a series of 24 children who were
predominantly obese and who underwent percutaneous
liver biopsy; all showed large-droplet steatosis, and many
had fibrosis (17% or 71%) of varying severity[92]. Fibrosis
was moderately severe in seven patients. One additional
patient had cirrhosis at diagnosis. In a retrospective study,
defining the liver biopsy findings in 100 predominantly
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nadir at Tanner stage Ⅲ and recovery by stage Ⅴ[96,97]. A
longitudinal study examining 60 children at Tanner stage
Ⅰ (ages 9.2 ± 1.4 yr) as well as after 2.0 ± 0.6 yr, showed
that, at follow-up, 29 children remained at Tanner stage
[98]
Ⅰ while 31 had progressed to Tanner stage Ⅲ or Ⅳ . In
children remaining at Tanner stage Ⅰ, there was a slight
increase in insulin sensitivity with no significant change
in acute insulin response or fasting glucose and insulin.
Pubertal transition from Tanner stage Ⅰ to Tanner stage
Ⅲ was associated with a 32% reduction in insulin sensitivity, and increase in fasting glucose, insulin, and acute
insulin response[98]. These changes were similar across sex,
ethnicity, and obesity. Thus, sex steroid hormones and
insulin resistance associated with pubertal development
may account for the significance of developmental stage
in the onset of fatty liver. In that context, the recent study
of Patton et al[40] may be of significant interest. These
authors found that lower Tanner stage was predictive of
higher fibrosis scores, suggesting that hormonal changes
associated with pubertal development may influence disease severity[40]. However, as pointed out by Patton et al [40],
whether children with borderline zone 1 pattern may
evolve into definite NASH and/or children with definite
NASH regress to borderline zone 3 or simple steatosis
upon further developmental maturation is unknown and
will require longitudinal data to determine.
In some recent series, the presence and severity of
fibrosis was associated with a higher BMI[39,41,42]. However,
data obtained prospectively from children enrolled in the
NASH Clinical Research Network reported no association
of BMI with fibrosis severity[40], although the percentage
of body fat was lower among subjects without fibrosis[40].
It may be that body fat distribution (or adiposity with a
central distribution[99]) is a more important determinant
of fibrosis than BMI. Body fat distribution affects insulin
sensitivity and varies by race and ethnicity[41]. Ellis et al[100]
showed that, after adjustment for body size, Hispanic
children have significantly higher body fat and percentage
fat than white or black children. In a study evaluating
clinical correlation of histopathology in pediatric NAF
LD, Hispanic ethnicity was predictive of fibrosis severity
when comparing those with mild and moderate degrees
of fibrosis [40]. In another study aiming to define key
differences between the NASH subtypes, the majority
of biopsies from children of the white race had type 1
NASH, while type 2 NASH was the major form seen in
children of Asian and Native American race and Hispanic
ethnicity[38]. In the same report, biopsies from children of
the black race mostly showed simple steatosis[38].
Previous studies in adults with NAFLD have shown
that components of metabolic syndrome may contribute
to severe liver steatosis, NASH activity, fibrosis or iso
lated portal fibrosis[42]. It is, therefore, also important
that we establish a better understanding of the natural
history of pediatric NAFLD in terms of its potential
relationship with other health outcomes including type
2 diabetes mellitus and cardiovascular disease[7]. Studies
in children have demonstrated the relationship between

obese children with clinical features consistent with
NAFLD, Schwimmer et al[38] found that simple steatosis
was present in 16% of subjects, and advanced fibrosis in
8%. In the study by Nobili et al[39], involving 84 obese/
overweight children with elevated aminotransferases and
diagnosis of NAFLD confirmed via liver biopsy, increased
fibrosis was noted in 49 (58%) patients but was mostly of
mild (stage 1) severity, with only 4 (4.7%) patients showing
septal fibrosis (stage 3). None of the patients showed
cirrhosis-stage disease on liver biopsy.
Feldstein et al[91] recently reported the first longitudinal study describing the long-term survival of children
with NAFLD who underwent a follow-up for up to 20
years. That study demonstrated that NAFLD in children is a disease of progressive potential. Some children
presented with cirrhosis, others progressed to advanced
fibrosis or cirrhosis during follow-up, and some developed end-stage liver disease with the consequent need
for liver transplantation. Feldstein et al[91] also showed
that NAFLD in children is associated with significantly
shorter long-term survival as compared to the expected
survival in the general population of the same age and
sex. Children with NAFLD had a 13.8-fold higher risk
of dying or requiring liver transplantation than the general population of the same age and sex[91].
On the basis of the above information, an important
goal must be to identify those children with advanced fibrosis, as well as the ones most likely to progress to endstage liver disease. It is also imperative that noninvasive
means be developed to identify children at greatest risk
for progressive disease[40]. Age, sex, race, ethnicity, and severity of obesity have been reported to be associated with
the steatohepatitis pattern types[38]. Older age has been
found to be independently associated with increased liver
fibrosis in some series[39]. However, in other series children
with advanced stages of fibrosis tended to be younger
than those with lesser degrees of fibrosis[40], suggesting
that yet unidentified susceptibility genes predispose to the
more aggressive course in these children[40]. Most published reports of pediatric NAFLD have reported males
to be affected more commonly[4,12,41,87,92-94]. Sex-related
differences have been also shown in an animal model of
NASH, with male sex associated with more severe and
diffuse injury[95]. In the study by Schwimmer et al[38], who
tested potential associations of distinct patterns of NASH
in children, girls with type 2 NASH were more likely to be
prepubertal and, therefore, have a hormone profile more
similar to young boys with type 2 NASH, whereas girls
with type 1 NASH were more likely to be postmenarcheal
and thus have higher estrogen levels. Thus, sex hormones
are attractive candidates for mediators of the development
of and/or protection from NASH. Beside changes in sex
steroid hormones, another potential mediator of disease
expression and progression is pubertal development[40].
During puberty, plasma insulin levels increase, and insulin
sensitivity decreases along with multiple other physical and
hormonal changes[96]. This decrease in sensitivity occurs
early in puberty, between Tanner stages Ⅰ and Ⅱ, with a
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fasting hyperinsulinemia and dyslipidemia[101-103], hyper
tension [101,104-106] ,and impaired glucose tolerance [107] .
Schwimmer et al[41] first extended these data to include
NAFLD in children as being related to fasting hyperinsu
linemia and insulin resistance. They showed that, even
after subjects with diabetes were excluded, almost all
children with biopsy-proven NAFLD had insulin resis
tance. Portal inflammation was predicted by the combi
nation of ALT and fasting insulin, while portal fibrosis
was indicated by the combination of right upper quadrant
pain and homeostasis model assessment of insulin resis
tance[41]. In another series of pediatric NAFLD, higher
insulin levels also were predictive of moderate versus mild
fibrosis[40]. Recently, Manco et al[42] showed that fasting
insulin secretion trended to be increased in children with
fibrosis compared to those without fibrosis. More recently,
Patton et al[108] showed that severity of insulin resistance
was the component most consistently associated with
histological features of NAFLD, showing significant
associations with severity of steatosis, fibrosis, hepatoce
llular ballooning, and NAFLD pattern. Although in
clinical practice insulin resistance is unlikely to be of use
in distinguishing fibrosis stage, the above findings sup
port insulin resistance as key variable in disease progre
ssion[109-111]. Evidence of alterations in glucose metabolism
parameters should prompt a careful follow-up of pediatric
patients to prevent major complications[44].
Higher levels of serum AST have been found asso
ciated with fibrosis in some series of pediatric NAF
LD[40,41,43]. However, neither AST levels alone nor the
combination of routinely available laboratory data have
shown sufficient specificity or sensitivity to predict the
presence of severe fibrosis in children with NAFLD[43].
Recent data from adult as well as pediatric patients un
derscore that NAFLD has to be considered a potentially
progressive disease even in the presence of normal ALT
levels[42,45,46]. In that vein, it is remarkable that in one
series of pediatric NAFLD 23% of patients had normal
values of ALT at the time of biopsy even though fibrosis
was observed in 60% of them[42]. Not surprisingly, the
issue of when to perform a liver biopsy in children with
suspected NAFLD remains controversial [38,42,47], and
there is no clear standard[47]. Unfortunately, none of the
clinical and laboratory predictors of histology appear
sufficiently powerful to replace liver biopsy as an accurate
noninvasive means of identifying the progression of
disease[40]. Nonetheless, there is a considerable, continuous
interest in reliable, noninvasive alternatives that will allow
the prognosis of pediatric NAFLD to be followed in
large community or population-based studies. Recently,
transient elastography (TE), using the Fibroscan apparatus,
has received increasing attention as a noninvasive means
to measure liver stiffness and thus progression in chronic
liver disease patients[112]. Accordingly, the study by Nobili
et al[113] indicated that TE is an accurate and reproducible
methodology to identify, in children and adolescents
affected by NASH, those without any degree of fibrosis,
or with advanced fibrosis. However, in that study an
overlap was observed among patients with lower degr
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ees of liver fibrosis (stages 0 and 1 and stages 1 and 2).
Further limitations of that study are related to the acqui
sition of a highly selected cohort typical of a specialized
tertiary care referral center[113]. Thus the conclusions of
the study cannot be applied to pediatric populations seen
in primary care settings. Nonetheless, the recent results
reported in a cohort of pediatric NAFLD indicate that
measurement of specific circulating markers of fibrin
ogenesis or fibrosis through the enhanced liver fibrosis
(ELF) test appears to be a promising alternative for
discriminating between different stages of fibrosis[114].
Again, further characterization of this test’s performance
in larger and less selected cohorts of patients is needed
before proposing the use of the ELF panel in clinical
practice. Studies in this area are likely to continue.

CLINICAL PRESENTATION OF NAFLD
Most children with NAFLD are asymptomatic[47,51], and
elevated levels of aminotransferases are frequently found
incidentally or after screening for obesity-related comor
bidites[51]. Children may also complain of vague right
upper quadrant or epigastric pain, fatigue or malaise.
The typical child with NAFLD is an 11-13 year-old,
usually male, usually overweight or obese[47]. Some children
with NAFLD are tall with large bones and proportionally
heavy body weight[92], consistent with being overnourished.
A thorough history often reveals comorbid conditions
related to metabolic syndrome, including hypertension,
type 2 diabetes mellitus, dysplipidemia, obstructive sleep
apnea, and polycystic ovarian syndrome[51]. In 36%-49%
of children with NAFLD acanthosis nigricans, a brown
to black pigmentation of skin folds and axillae, has been
found[41,92]. Acanthosis nigricans may be subtle and can
be missed without careful examination[92]. Although acan
thosis nigricans may occur in simple childhood obesity, it
has been shown to be a cutaneous marker of hyperinsuli
nemia[115,116]. Keratinocytes have receptors for insulin, and
insulin-like growth factors. In hyperinsulinemia, circulating
insulin, because of its structural similarity to insulin-like
growth factors, binds to these receptors and stimulates
cell division, leading to acanthosis[92].
More than 90% of children with NAFLD are obese,
with central adiposity [41]. On abdominal examination
hepatomegaly, with or without splenomegaly, is evident
in 33%-51% of patients[41,92]. Central adiposity can make
organomegaly difficult to identify.

DIAGNOSIS OF NAFLD
Laboratory assessment
The NASH Clinical Research Network recently failed
to identify routine laboratory tests with an adequate
discriminating power to replace liver biopsy in evaluating
NAFLD pattern and fibrosis severity in children and
adolescents [40]. Serum aminotransferases are usually
slightly to moderately elevated (less than 1.5 times the
upper limit of normal) in NAFLD, but may be higher[114].
The AST: ALT ratio is usually less than one, but this
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ratio increases as fibrosis advances[73]. However, amino
transferase levels may remain normal, even with biop
sy-proven NASH [117]. In one study evaluating clinical
correlation of histopathology in pediatric NAFLD[40],
Patton et al showed that AST was superior to ALT in
distinguishing NAFLD patterns and that the addition of
ALT to AST did not improve performance. Although
these results did not support the use of AST in place of
liver biopsy, the strong association found in that study
between AST and meaningful histological features in
pediatric NAFLD supports current recommendations
to use serum aminotransferase levels in screening over
weight children[118]. Total and direct bilirubin are typically
normal. One laboratory value that may be useful is gam
ma glutamyl transferase (GGT). In one series of pedia
tric NAFLD[91], GGT was elevated in 88% of patients.
However, most of them (83.3%) presented with at least
one feature of the metabolic syndrome whereas overt
metabolic syndrome (i.e. > 3 features) was present in
28.8% children. Recently, elevated serum levels of GGT
have been associated with several cardiovascular disease
risk factors [119-120]. GGT may also act as a marker of
the metabolic syndrome[121]. It mediates the uptake of
glutathione, an important component of intracellular
antioxidant defenses. Although the relationship between
the metabolic syndrome and NAFLD in children has not
been characterized, GGT may be used as a clinical marker
in pediatric NAFLD because its expression is enhanced
by oxidative stress. and it may be released by conditions
inducing cellular stress and insulin resistance[91], which
are key components in the development of NAFLD[122].
Prothrombin time and serum albumin levels are normal,
until the development of cirrhosis and liver failure. Thirty
per cent of adults with NAFLD have high serum ferritin
and 6%-14% have elevated transferrin saturation [109].
These iron indices, however, are not routinely measured
in youth, as hemochromatosis is rare in children[109]. Dec
reased serum adiponectin predicts severity of liver disease
in NAFLD, even in the absence of diabetes and obesity,
although it remains a research tool and not a diagnostic
criterion[47]. Nonspecific autoantibodies, usually against
smooth muscle determinants, may be detected in relatively
low titers in up to 3% of adults with NAFLD. However,
the prevalence in children is unknown[123].
In diagnosis of NAFLD, a through evaluation and
systematic exclusion of other causes of liver disease is
necessary, including Wilson’s disease, viral hepatitis, auto
immune hepatitis, alpha-1-antitrypsin deficiency, fatty
acid oxidation defects, lipodystrophy, and total parenteral
nutrition. Furthermore,drug-induced liver injury (i.e.
valproate, methotrexate, tetracycline, amiodarone, pred
nisone, and synthetic estrogens) should be considered and
excluded. Alcohol use, especially in adolescents, must also
be excluded.

tect fatty infiltration of the liver but, unlike liver bio
psy, they are limited in their ability to detect coexisting
inflammation and fibrosis [124]. It has been suggested
that unenhanced CT might be useful in the noninvasive
quantification of the degree of hepatic steatosis in expe
rimental and in vivo human studies [125,126]. However, a
recent study by Pak et al[127] concluded that diagnostic
performance of unenhanced CT for quantitative asses
sment of macrovesicular steatosis is not clinically accep
table. Unenhanced CT does not provide high performance
in qualitative diagnosis of macrovesicular steatosis of less
than 30%[127]. In addition, CT scanning has the drawback
of exposing subjects to ionizing radiation. These two
factors limit its potential use in pediatric longitudinal
studies [124]. The diagnosis of fatty liver on contrastenhanced helical CT may also be accurate but is protocolspecific[128].

Radiological assessment
Noninvasive imaging techniques, including ultrasound,
computed tomography (CT), MRI, and MRS may de

Magnetic resonance imaging
MRI, though more costly, is more sensitive than ultrasound in detecting fat and allows for more definitive
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Ultrasound
Hepatic ultrasound is a relatively inexpensive, noninvasive
technique, which is easy to perform and is, therefore,
widely used in clinical practice to detect fatty infiltration
of the liver. However, sonography is not typically quan
titative and a hepatocyte fat content of ≥ 15% to 30%
is required to detect ultrasonographic changes [129]. In
adults, ultrasound sensitivity has been shown to range
from 60% to 94% and specificity from 84% to 95%,
respectively[130-133]. In the presence of hepatic fat content
of 10% to 19%, ultrasound has a sensitivity of 55%,
which rises to 80% in the presence of > 30% fatty
infiltration[134]. Furthermore, ultrasound may be techni
cally challenging to perform in patients with significant
central obesity. In the presence of morbid obesity[135],
the sensitivity and specificity of ultrasound fall to 49%
and 75%, respectively, possibly due to technical pro
blems in performing ultrasound in such patients. Furth
ermore, ultrasound is operator-dependent[124,136], and the
sonographic evaluation of the liver is based mainly on
the subjective visual assessment of hepatic echogenicity
and posterior attenuation of the ultrasound beam, with
consequent substantial observer variability. In the report
by Strauss et al[136], the mean interobserver and intrao
bserver agreement rates for the presence of fatty liver
were 72% and 76%, respectively. In the same report by
Strauss et al[136], on severity of fatty liver, the initial reading
for pairs of observers had 47%-59% interobserver agree
ment, while the interobserver agreement for the second
reading was 59%-64%. The mean agreement rates for
pairs of observers were 53% and 62% on the first and
second readings. Intraobserver agreement for severity of
fatty liver ranged from 55% to 68%. Grading of hepatic
fat content using ultrasound has been reported, but it is
somewhat subjective and only broad categories of invol
vement have been reported[130,133,137,138].
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ceride concentration[21]), especially in patients with less
than 10% of fat in the liver[22]. However, MRS demo
nstrates some limitations in that it is time-consuming,
restricted in spatial coverage, and requires off-scan analysis
by an expert[21]. Because of these limitations, MRS is not
appropriate for widespread use. Furthermore, the main
limitation of MRS is that it provides information from
small regions of interest in the liver. By contrast, MRI
(using the modified Dixon technique) allows evaluation
of the presence of fat in the entire liver. To date, however,
none of the above imaging modalities allow differentiation
of benign steatosis from NASH or have the ability to
grade the severity of inflammation[51].

hepatic fat quantification when performed using the
modified Dixon technique[24,138-140]. Like ultrasound, hepatic MRI involving fast gradient echo does not require
conscious sedation in (compliant) children. In fact, the
sequence of scan parameters allows simultaneous acquisition of both in-phase and out-of-phase images during the
multibreath-hold interval required to cover the entire liver.
However, MRI is more appealing than ultrasound to detect minor changes in hepatic fat content associated with
steatogenic disorders[138]. While hepatic fibrosis can limit
the ability of ultrasound to grade hepatic steatosis, hepatic
MRI, based upon chemical shift imaging, is not influenced
by the presence of fibrosis in the accurate quantification
of the hepatic fat content[138]. In a previous study evaluating hepatic steatosis severity in a series of obese children
through both MRI and ultrasound, we found evidence of
limitations in ultrasound with regard to grading of steatosis, in comparison with quantitative assessment of HFF
by MRI[26]. Ultrasound scores varied across MRI hepatic
fat contents. In children in whom ultrasound revealed
moderate to severe steatosis, MRI delineated a wide range
of hepatic fat content within both categories of ultrasound steatosis severity[26]. This suggests that the utility
of ultrasound would appear to be limited by its incapacity
to identify fat regression or progression in subjects with
NAFLD[138]. The progression of NAFLD in children can
be prevented by early weight reduction, which can lessen
the degree of fatty infiltration and elicit reversion of the
biochemical abnormalities. Thus, a child with NAFLD
undergoing a reduction of MRI HFF from 40% to 20%
through successful intervention would be unlikely to have
a corresponding alteration in ultrasound appearance[141].
However, in our series of children with mild steatosis severity as determined by ultrasound, the pattern of a slight
increase in liver echogenicity conflicted with the finding
of normal, minimal levels of MRI HFF[26]. Previous investigations have found the slight alterations or accumulation
of hepatic fat content as indicated by ultrasound to be
equivocal[12]. In contrast, HFF, which is derived from the
signal differences between fat and water, gives unequivocal
data for the entire spectrum of fatty liver and unlike sonography, is not subject to interpretation or interobserver
variation[24]. The clinical efficacy of this technique has
been previously demonstrated. Burgert et al showed that
obese children with a high HFF were significantly more
insulin resistant, compared with those with a low HFF,
and had higher triglycerides and lower adiponectin, even
after adjustment for BMI-z scores, race/ethnicity, gender,
and age[25]. Furthermore, obese children with a high HFF
had a significantly greater prevalence of the metabolic
syndrome, after controlling for the above confounders[25].
We also previously showed that the increasing severity
of MRI fat accumulation were strongly related to fasting
hyperinsulinemia and insulin resistance after correction
for confounding variables such as SD score-BMI, sex, age
and pubertal status[26].
MRS is currently considered being the most accurate
for determination of HFF (as a measure of liver trigly
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CONCLUSION
Over the last decade, pediatric NAFLD has become the
most common form of liver disease in the preadolescent
and adolescent age groups. Liver biopsy remains the gold
standard and is currently the only way to diagnose NASH.
However, the issue of when to perform a liver biopsy in
children with suspected NAFLD remains controversial,
and there is no clear standard. Thus, it is imperative that
reliable, noninvasive means be developed to identify
children at greatest risk for progressive disease. Large
population-based epidemiologic studies in children are
needed to understand the true impact of pediatric NASH
on long-term morbidity and mortality.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most com
mon cancer worldwide, and is the third most common
cause of cancer-related death[1]. It is the fastest growing
cause of cancer-related deaths in males in the United
States[2]. Only 30%-40% of patients with HCC are dia
gnosed at a stage where curative therapy can be offered[3]. In
appropriate candidates, liver resection and transplantation
are associated with long-term response and improved
survival. The remaining 60%-70% already have advanced
HCC and are eligible only for palliative interventions,
which include transarterial chemoembolization (TACE),
ablation, radiation, and systemic chemotherapy. TACE
is also used to treat small tumors, and to downstage
large tumors to meet liver transplant criteria[4]. Although
considered a relatively safe procedure, TACE may be
associated with fever, right upper quadrant pain, nausea
and transaminitis, known as post-embolization syndrome.
The complication rate after TACE is reported to be
2.9%[5]. Examples include hepatic failure, cholecystitis,

Abstract
Transarterial chemoembolization (TACE) is an effective
modality for the treatment of Hepatocellular Carcinoma.
It is used to treat small tumors and to downstage large
tumors to meet liver transplant criteria. TACE can be
associated with multiple side effects, including fever,
right upper quadrant pain, nausea, vomiting, hepa
tic failure, hepatic encephalopathy, cholecystitis and
pancreatitis. Neurological complications after TACE
are rare, usually caused by cerebral embolism, and
confirmed by means of imaging studies. Spinal cord
ischemia secondary to TACE is extremely rare and can
lead to significant morbidity. We report a case of pa
raparesis caused by TACE with normal imaging and
nerve conduction studies, suggestive of localized vas
culitis.
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pancreatitis, hepatic encephalopathy, common bile duct
stricture, biloma, tumor lysis syndrome, pulmonary and
cerebral embolism. Neurological deficits after TACE
are very rare, usually caused by cerebral embolism of
iodized oil (lipoidal), and confirmed by abnormal findings
on imaging. We report a case of paraparesis caused by
TACE and normal imaging of brain, thoracic and lumbosacral spine, and normal electromyography and nerve
conduction studies.

A

Figure 1 Selective ca
theterization. A: Rig
ht hepatic artery; B:
Lateral branch of right
inferior phrenic artery.

CASE REPORT
A 45 year-old African American male with hepatitis C-re
lated cirrhosis underwent open microwave ablation of
a single 5.6 cm right hepatic lobe HCC. Follow-up MRI
revealed a residual tumor, which was treated by TACE of
the right hepatic artery, but follow up imaging revealed a
persistent residual tumor. Hepatic angiogram confirmed
that part of the tumor was supplied by the right inferior
phrenic artery. The patient underwent repeat TACE, in
which the right hepatic (Figure 1A) and inferior phrenic
arteries (Figure 1B) were successfully chemoembolized
with doxorubicin, cisplatin and mitomycin.
The patient developed bilateral lower extremity weak
ness eight hours after the procedure. His strength was 3/5
in the right and 4/5 in the left lower extremity. This was
associated with numbness in the left anterior thigh and
scrotum, together with urinary retention. Reflexes were
2+ bilaterally and there was no loss of rectal tone. MRI of
the brain, thoracic, lumbar and sacral spine did not reveal
stroke, mass or cord compression. Electromyography and
nerve conduction studies were all within normal limits.
The patient was diagnosed with localized vasculitis of
the branches of the anterior spinal artery, caused by the
chemotherapy. An angiogram revealed the anastomoses
between the branches of the right inferior phrenic artery
and intercostal arteries, confirmed by the filling of the an
terior spinal artery, which was believed to be the route of
the embolism causing the injury to the spinal cord (Figure
2). The patient was started on high dose steroids, which
were then systematically reduced over a period of one mo.
Aggressive physical therapy was also instituted. His symp
toms markedly improved and he was able to walk without
assistance. The patient underwent liver transplantation
two months later and remained free of neurological com
plications.

B

Figure 2 Anterior spinal
artery filling via collate
rals.

symptoms can be explained by ischemia to the lumbar
spinal cord in the region of L1-L3. Since the MRI/MRA
of the brain and spinal cord did not show any infarction
or cord compression, we surmise that the symptoms
occurred due to localized vasculitis caused by one of the
chemotherapeutic agents used during TACE.
Neurological complications after TACE usually occur
after the second or third session, which can be explained
by hepatic artery injury or decreased flow at the previous
TACE site, leading to collateral recruitment[6]. Our patient
had previously undergone one initial TACE procedure
of the right hepatic artery without any complications.
The second session of TACE involved the right inferior
phrenic artery, which supplied part of the tumor and re
sulted in this complication.
The inferior phrenic artery is the most common sour
ce of extra-hepatic collateral blood supply for HCC[7].
The right and left inferior phrenic arteries usually arise
from the aorta above the celiac artery, and each divides

DISCUSSION
Neurological complications occur rarely in association
with TACE, and are usually due to lipoidal embolism in
the central nervous system. Focal symptoms develop in
the area of distribution of the affected vessel, which can
be confirmed by imaging studies. Spinal cord injury is
an extremely rare complication after TACE. Our patient
developed bilateral lower extremity weakness following
the procedure, associated with numbness in the left
anterior thigh, together with urinary retention. All these
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aware of these risks and appropriate consent should be
obtained.

into medial and lateral branches. They are the main source
of blood supply to the diaphragm, and also send a few
branches to adrenal glands, and, occasionally, to the liver
and spleen. The medial branch joins with its fellow of the
opposite side, and with the musculophrenic and pericar
diophrenic arteries, whereas the lateral branch joins with
the lower intercostal arteries and musculophrenic arter
ies. We believe that the anastomosis between the lateral
branches of the right inferior phrenic artery and intercos
tal arteries which supply the spinal cord through the an
terior spinal artery, was the route of the embolism which
caused the injury to the spinal cord in our patient. Few
cases of spinal cord injury after TACE causing paraplegia
or paraparesis, sensory loss, and urinary retention, con
firmed by imaging studies and usually caused by commu
nication through intercostal arteries have been reported[8].
Although the spinal cord injury in these case reports was
seen on MRI, it was not classic for ischemia, and was
found to be steroid-responsive. In our patient, since the
extensive workup for paraparesis had been essentially
unremarkable, with normal imaging, electromyography,
and nerve conduction studies, the diagnosis of localized
vasculitis was made, and treatment with steroids resulted
in the resolution of symptoms.
In conclusion, we have reported a case of paraparesis
following TACE with normal imaging, and its improve
ment with steroids, suggesting localized vasculitis. This
emphasizes the fact that TACE and other loco-regional
therapies can be associated with serious side effects
which may lead to significant morbidity, and could jeop
ardize liver transplant candidacy. Physicians should be
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INTRODUCTION
Hemangiomas are the most frequent benign tumors of
the liver with an incidence ranging from 5% to 20% and
women accounting for the largest part. Most hemangiomas are asymptomatic and therefore largely diagnosed
only in routine screening tests. Usually they are small and
require no specific treatment[1-5].
In some situations they can reach great dimensions,
causing some discomfort to the patient. There is no
consensus in the literature regarding the minimum size a
hemangioma is considered as giant but in our service we
use the limit of 10 cm. Rare cases of rupture followed by
massive bleeding and Kassabach-Merrit’s syndrome with
serious complications have been reported.
Resection of liver hemangioma is indicated in cases of
great dimension tumors causing symptoms such as pain,
nausea or bloating by compression of adjacent organs[6-9].
Resection is also advisable in a controversial diagnosis
where malignancy cannot be fully eliminated[4-7].

Abstract
Hemangiomas are the most frequent benign tumors
of the liver. Most hemangiomas are asymptomatic and
therefore largely diagnosed only in routine screening
tests. Usually they are small and require no specific
treatment. In some situations they can reach great
dimensions, causing some discomfort to the patient.
Resection of liver hemangioma is indicated in cases
of great dimension tumors causing symptoms such
as pain, nausea or bloating caused by compression
of adjacent organs. We report a case of a rare giant
hemangioma with rapid growth in short time: a 50
year old female reported to our institution with a 40
cm giant liver hemangioma and then underwent a left
hepatectomy.

CASE REPORT
We report a case of a rare giant hemangioma with rapid
growth in a short time: a 50-year old female being moni
tored for 7 years since a liver hemangioma was incidentally
diagnosed.
At that time, the lesion already measured 20 cm in its
largest axis (Figure 1A). In the last 4 mo, she presented
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Figure 1 Computed tomography scan of a patients with a liver hemangioma.
A: The first scan performed 7 years ago, showing an oversized hemangioma
on the left hepatic lobe; B: During the symptoms worsening a second CT-Scan
showed tumor growth. The lesion reached the central portions of the liver.

with symptoms such as a dry cough and in the last 2 mo,
abdominal pain. CT scan evidenced an increase of 10 cm
in the lesion in the left lobe with compression of the diaphragm, reaching 30 cm in its largest axis (Figure 1B).
An arterial embolization procedure was attempted in
order to restrict the hemangioma growing. It brought no
benefits but worsened the symptoms.
The patient then underwent a left hepatectomy. We
usually access the abdominal cavity through a Chevron incision to perform hepatectomies. After liver mobilization
was done, a great deformity in the vascular anatomy of
the portal and supra hepatic veins was identified, mainly
due to the compression caused by the huge hemangioma
(Figure 2A). The left hepatic vein was involved by the
tumor and had to be ligated. For a safe parenchymal
transection, blood inflow and outflow control to the liver
was performed. Pringle maneuver and the infra and supra
hepatic vena cava were laced but not clamped. The liver
transection was performed with kellyclasy and silkclasy[10]
and hemostasis was achieved with cauterization. Figure
2B shows the final aspect of the resection. The anatomopathological findings confirmed the diagnosis of a 40 cm
hemangioma in its largest axis (Figure 2C). The patient is
now asymptomatic at 6 mo post-operation.

Figure 2 Surgical treatment of the patient with a liver hemangioma. A: After
the laparotomy, a giant hemangioma was identified, and this lesion led to a great
anatomical deformity in the liver; B: After the resection, the remnant liver in the
cleared abdominal cavity; C: The 40 cm-giant liver hemangioma was sent to
anatomical and pathological analysis.

number of diagnosed liver hemangiomas greater than 10
cm is very low. The few patients with giant hemangiomas
do not present with any signs of tumor growing at follow
up. Therefore, resection of liver hemangiomas is quite
restricted in our service; the main argument against the
resection is the need of submitting a patient with a benign
disease to such a major surgery. Interestingly, this was
the only report of a size changing hemangioma in our
experience.
The literature shows that arterial embolization of the
lesion to contain the tumor growth is not effective unless
the hemangioma is a lesion with a clear arterial blood
supply[11]. At first we assumed that this hemangioma could
have an arterial supply that would justify such a rapid size
enhancement. The arterial embolization was the initial

DISCUSSION
After a review of our patient database, we found that the
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therapeutic approach but unfortunately the procedure did
not help and, due to necrosis, worsened the pain for the
patient.
Discussions on resection of hemangiomas include
procedures on the so-called giant tumors or in those that
result in symptoms to the patient. Reports on surgery due
to hemangioma growth are rare[6].
In this report, our attention is drawn to the speed of
the hemangioma increase, leading to abdominal pain and
cough due to diaphragm compression. In our service, we
maintain clinical follow-up of hemangiomas in asymp
tomatic patients regardless the size. Nevertheless, due to
the particular evolution of this case (rapid growth and the
tumor necrosis as a consequence of the arterial emboli
zation), we decided to carry out the resection despite
the consequent complications involved in this kind of
procedure.
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exist without first-class editors, and only first-class editors can
create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee,
in an open, fair and transparent environment, could contribute
their wisdom to edit and publish high-quality articles, thereby
realizing the maximization of the personal benefits of editorial
board members, authors and readers, and yielding the greatest
social and economic benefits.
The major task of WJH is to report rapidly the most recent
results in basic and clinical research on hepatology, including:
liver biology/pathology, cirrhosis and its complications, liver
fibrosis, liver failure, portal hypertension, hepatitis B and C
and inflammatory disorders, steatohepatitis and metabolic liver
disease, hepatocellular carcinoma, biliary tract disease, auto
immune disease, cholestatic and biliary disease, transplantation,
genetics, epidemiology, microbiology, molecular and cell biology,
nutrition, geriatric and pediatric hepatology, diagnosis and
screening, endoscopy, imaging, and advanced technology.
The columns in the issues of WJH will include: (1) Edi
torial: To introduce and comment on major advances and
developments in the field; (2) Frontier: To review representative
achievements, comment on the state of current research, and
propose directions for future research; (3) Topic Highlight:
This column consists of three formats, including (A) 10 invited
review articles on a hot topic, (B) a commentary on common
issues of this hot topic, and (C) a commentary on the 10
individual articles; (4) Observation: To update the development
of old and new questions, highlight unsolved problems, and
provide strategies on how to solve the questions; (5) Guidelines
for Basic Research: To provide guidelines for basic research; (6)
Guidelines for Clinical Practice: To provide guidelines for clinical
diagnosis and treatment; (7) Review: To review systemically
progress and unresolved problems in the field, comment on
the state of current research, and make suggestions for future
work; (8) Original Article: To report innovative and original
findings in hepatology; (9) Brief Article: To briefly report the
novel and innovative findings in hepatology; (10) Case Report:
To report a rare or typical case; (11) Letters to the Editor: To
discuss and make reply to the contributions published in WJH,
or to introduce and comment on a controversial issue of general
interest; (12) Book Reviews: To introduce and comment on
quality monographs of hepatology; and (13) Guidelines: To
introduce consensuses and guidelines reached by international
and national academic authorities worldwide on basic research
and clinical practice in hepatology.
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Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is
abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of
the cited article and italicized journal title (journal title should
be in its abbreviated form as shown in PubMed), publication
date, volume number (in black), start page, and end page
[PMID: 11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
middle and first initials. (For example, Lian-Sheng Ma is
abbreviated as Ma LS, Bo-Rong Pan as Pan BR) Book title.
Publication number. Publication place: Publication press, Year:
start page and end page.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and
mentioned clearly in the main text. Provide a brief title for
each table. Detailed legends should not be included under
tables, but rather added into the text where applicable. The
information should complement, but not duplicate the text.
Use one horizontal line under the title, a second under column
heads, and a third below the Table, above any footnotes.
Vertical and italic lines should be omitted.

Format
Journals
English journal article (list all authors and include the PMID where
applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP <
0.01 are used. A third series of P values can be expressed as eP
< 0.05 and fP < 0.01. Other notes in tables or under illustrations
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J Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224
DOI: 10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where
applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hy
pertension, insulin, and proinsulin in participants with
impaired glucose tolerance. Hypertension 2002; 40: 679-686
[PMID: 12411462 PMCID:2516377 DOI:10.1161/01.
HYP.0000035706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar
RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764
DOI:10.1097/01.ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail.
BMJ 2002; 325: 184 [PMID: 12142303 DOI:10.1136/
bmj.325.7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan.
Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Genetic programming. EuroGP 2002: Proceedings of the
5th European Conference on Genetic Programming; 2002
Apr 3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious di
seases. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http//
www.cdc.gov/ncidod/EID/eid.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., ass
ignee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1
Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square
test as χ2 (in Greek), related coefficient as r (in italics), degree
of freedom as υ (in Greek), sample number as n (in italics),
and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) =
96 h, blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L;
blood CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2
volume fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc.
Arabic numerals such as 23, 243, 641 should be read 23 243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1948-5182/
g_info_20100107115140.htm.
Abbreviations
Standard abbreviations should be defined in the abstract
and on first mention in the text. In general, terms should
not be abbreviated unless they are used repeatedly and the
abbreviation is helpful to the reader. Permissible abbreviations
are listed in Units, Symbols and Abbreviations: A Guide for
Biological and Medical Editors and Authors (Ed. Baron DN,
1988) published by The Royal Society of Medicine, London.
Certain commonly used abbreviations, such as DNA, RNA,
HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, CSF,
IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tu
mours V. Proceedings of the 5th Germ cell tumours Con
ference; 2001 Sep 13-15; Leeds, UK. New York: Springer,
2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza's compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors.
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Italics
Quantities: t time or temperature, c concentration, A area, l
length, m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
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Links to documents related to the manuscript
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interactions between the editors, peer reviewers, readers and
authors. After a manuscript is published online, links to the
PDF version of the submitted manuscript, the peer-reviewers’
report and the revised manuscript will be put on-line. Readers
can make comments on the peer reviewer’s report, authors’
responses to peer reviewers, and the revised manuscript. We
hope that authors will benefit from this feedback and be able
to revise the manuscript accordingly in a timely manner.

Language evaluation
The language of a manuscript will be graded before it is
sent for revision. (1) Grade A: priority publishing; (2) Grade
B: minor language polishing; (3) Grade C: a great deal of
language polishing needed; and (4) Grade D: rejected. Revised
articles should reach Grade A or B.

Science news releases
Authors of accepted manuscripts are suggested to write a
science news item to promote their articles. The news will be
released rapidly at EurekAlert/AAAS (http://www.eurekalert.
org). The title for news items should be less than 90 characters;
the summary should be less than 75 words; and main body less
than 500 words. Science news items should be lawful, ethical,
and strictly based on your original content with an attractive
title and interesting pictures.
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