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Abstract
A correct diagnosis of hepatocellular carcinoma (HCC) 
in cirrhotic patients with focal liver lesions is one of the 
most important issues nowadays. Probably one of the 
oldest debates in the hepatology community is wheth
er to perform liver biopsy (LB) in all cirrhotic patients 
with focal liver lesions. We now face a time when oncol
ogy is moving towards personalized medicine. Accordi
ng to the current European Association for the study 
of Liver diseases HCC guidelines, LB has only a minor 
role in the management of HCC. However, the current 
recommendations were made more than five years ago. 
As time has passed, the development of high-through
put molecular technologies has helped reveal the main 
molecular mechanism involved in HCC development and 
progression. Several subtypes of HCC, with both molecu
lar and histological characterization, have been descri
bed. Importantly, some of these subtypes have prognostic 
impact. In the context of personalized treatment, the 
role of LB will be carefully reconsidered. Until then, it is 
mandatory to know the various techniques of LB, their 
performances, complications and limitations. The bal
ance of risk and benefit defines many of the decisions 
that we make as providers of medical care. In this review, 
we discuss not only the risks associated with LB, but al
so the benefits of biopsy in various clinical scenarios. Not 
long from now, the role of LB will be reconsidered. It is 
possible that we will go back in time and once again use 
biopsy for HCC diagnosis. Then again, we may move ba
ck to the future to try to improve the use of liquid biopsy 
in the follow-up of HCC patients after various treatment 
modalities.

Key words: Molecular classification; Bleeding; Seeding;  
Liver biopsy;  Hepatocellular carcinoma
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Core tip: We now face a time when oncology is moving 
towards personalized medicine. The development of 
high-throughput molecular technologies has allowed 
us to define the main molecular mechanism involved in 
hepatocellular carcinoma (HCC) development and progr
ession. Several subtypes of HCC have been described 
using both molecular and histological characterization. 
In the context of histological HCC sub-classes, each wi
th distinct molecular patterns and prognostic impacts, 
the need for liver biopsy in HCC management becomes a 
necessity. In this era of personalized medicine, knowing 
the strengths of each sampling technique is of the utmost 
importance.
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INTRODUCTION
The correct identification, either malignant or benign, 
of focal liver lesions is one of the most important issu­
es in cirrhotic patients. Nodular lesions are frequently 
discovered during an ultrasound screening of these 
patients. Recent progress in ultrasound has led to an 
earlier discovery of these lesions. Moreover, the app­
lication of contrast agents has gained more and more 
attention. Compared to other imaging modalities, co­
ntrast enhanced ultrasound (CEUS) can be performed 
immediately after conventional ultrasound (US), pro­
viding a simple, easy-to-perform and immediately av­
ailable dynamic imaging tool[1]. The use of CEUS might 
therefore shorten the diagnostic and therapeutic work-
up of hepatocellular carcinoma (HCC) patients. The 
large applicability of CEUS for the diagnosis of HCC in 
cirrhosis was questioned due to the risk of false-positi­
ve diagnoses in cases of cholangiocarcinoma. This has 
caused the American College of Radiology to release 
a diagnostic scheme for the characterization of focal 
liver lesions in patients at risk for HCC, named CEUS 
LI-RADS®[2]. In a multicenter Italian study, the use of 
CEUS LI-RADS in small HCC showed that the LR-5 
category was 98.5% predictive of HCC, with no risk of 
misdiagnosing pure cholangiocarcinoma[3]. 

Despite all the latest improvements in liver imaging, 
correctly identifying these lesions remains a challenge, 
especially when dealing with small focal lesions.

According to the AASLD and EASL guidelines, the 
images in certain situations may not be characteris­
tic, or the results from two imaging techniques may 
be conflicting (a liver biopsy (LB) is required in these 
cases)[4]. In addition, the information from tumor tissue 
may provide prognostic data that are useful in the se­
lection of therapy.

TECHNIQUES, PERFORMANCE, 
COMPLICATIONS
The invasive techniques used for the morphological 
diagnosis of HCC are ultrasound-guided fine-needle 
aspiration (FNA) and needle-core biopsy. The perfor­
mance of these techniques is somewhat similar in the 
morphological diagnosis of HCC. Cytology sensitivity 
varies between 69%-95% across different studies 
(consistently lower in well-differentiated HCC), while 
specificity varies between 70%-100%[5–11]. The diagn­
ostic accuracy of the method is lower in lesions < 3 cm 
(50%-83%) vs large ones (85%-95%)[7,12]. The smear 
cytology technique using Papanicolaou’s method will 
decrease the number of both required passes and ina­
dequate fragments. Flow cytometry and the various 
immunohistochemical techniques are extremely helpful 
in the characterization of neoplastic cells.

The difficulty of a correct differential diagnosis bet­
ween a regenerative nodule and a well-differentiated 
HCC can only be overcome by using a relatively large 
tissue sample, which is obtainable only with the use of 
thick needles.

Core biopsy performed with large needles (1.1-1.6 
mm outer diameter) ensures the recovery of an adequ­
ate tissue fragment; it also allows for a better preservati­
on of tissue architecture, providing more information on 
the tumor tissue and facilitating certain special staining 
techniques. These advantages are, however, counter-
balanced by the high risk of complications.

The rate of successful sampling using large needles 
is 85%-98.5%. It may be diminished by certain facto­
rs: the small size of the target (smaller lesions are ha­
rder to approach in liver with significant fibrosis), the lo­
cation of the lesion in deeper segments (posterior and 
superior segments, such as segments Ⅳ B, Ⅶ and Ⅷ), 
and the presence of necrotic areas within the tumor[11]. 
Additionally, lesions that are poorly visible or invisible 
using conventional ultrasound are another cause of liv­
er biopsy failure.

The sensitivity of core needle biopsy for HCC dia­
gnosis is 86%-96%, which is increased in the case of 
multiple passes[11,13-16]. The specificity ranges between 
95%-100%, especially when also sampling from an 
extra-nodular area (non-neoplastic neighboring par­
enchyma)[9,12]. The accuracy of the method varies bet­
ween 85% and 91%[11,13,14,16].

Micro-histology combines the safety profile of fine-
needle aspiration with a higher quality of tissue sampl­
es (similar to that provided by core needle biopsy); it 
has a higher sensitivity and specificity than conventio­
nal cytology: 92.6% and 100% vs 81.3% and 97.6%, 
respectively[7,9,11,17]. In addition, micro-histology has a 
high accuracy (89.6%) in diagnosing nodules < 2 cm 
and varies according to size: 88.6% for nodules ≤ 10 
mm, 86.2% for nodules between 11-15 mm and 91.3% 
for nodules between 16-20 mm in diameter[17].
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seeding does not alter global survival rates, which only 
depend on the progression of either the primary tumor 
or cirrhosis[26].

Liver cells are generally found in the blood after bo­
th liver biopsy and liver resection, as attested by the 
presence of mRNA AFP in the serum. It is not exactly 
known whether these are normal or tumor cells. No 
association between this phenomenon and tumor cell 
seeding has been demonstrated to date.

Mortality after biopsy is higher when using thick 
(0.15%-0.19%) vs fine needles (0.008%)[24,25, 27–37]. 

CURRENT INDICATIONS OF LB IN THE 
DIAGNOSIS OF HCC
Presently, the indications of performing LB in patients 
with liver cirrhosis and HCC are highly regulated. The 
two extreme perspectives that include recommending 
either biopsy in all cases (as was the norm before the 
introduction of non-invasive criteria), or the avoidance 
of biopsy at all costs when having good diagnostic ima­
ging studies, have both been abandoned. The main fa­
ctors that indicate, adjust or limit the use of biopsy in 
HCC are presented in Table 2.

In the following paragraphs, we will make a critical 
appraisal of the indicators of LB in the diagnosis of HCC 
for each of the BCLC stages.

BCLC stages 0 and A (very early and early HCC)
Correlation with imaging techniques. Nodules measu­
ring between 1 and 2 cm are difficult to characterize 
using non-invasive methods[38,39], since up to 33% are 
benign, while HCC nodules frequently have no distin­
ctive pattern of behavior. Only 33% of HCC nodules 
meet the precise diagnostic criteria recommended by 
the AASLD (hypervascularization in the arterial phase 
and washout in the portal/parenchymal phase using 
two imaging techniques)[38]. It follows that 50%-70% 
of patients will require a biopsy in order to receive an 
exact diagnosis[38,39]. US-guided LB may not be justified 
in patients with decompensated cirrhosis, despite the 
nature of the nodule, and liver transplantation might 
be considered. In contrast, in patients with a small no­
dule and compensated cirrhosis, US-guided LB should 
be performed before surgical resection, which carries 
morbidity and mortality rates higher than those of biopsy 
itself[14]. It is difficult to assess the differential between 
a well-differentiated HCC and a dysplastic nodule when 
using a fragment sampled by LB. The use of molecular 
markers (GPC3, HSP70, and GS) will identify the exact 
nature of nodules with 57% sensitivity and 100% sp­
ecificity[40]. Compared to LB, new imaging techniques 
such as Gd-EOB-DTPA magnetic resonance imaging 
(MRI) might be more accurate in the differential diagn­
osis between early HCC and dysplastic nodules. Hyper-
intensity at diffusion-weighted imaging (DWI) was shown 

Some needles (Histocut) allow the recovery of tissue 
fragments for both cytology and micro-histology during 
the same pass. The cytology-micro-histology combination 
increases the sensitivity of HCC diagnosis: 89.8%-90% 
vs 80%-85.6% for cytology, and 61%-66.1% for micro-
histology[7,9].

Using real-time contrast-enhanced harmonic ultra­
sound (SonoVue) to guide the biopsy will increase its 
diagnostic sensitivity by targeting: (1) the enhanced, 
vascular areas of the tumor in the arterial phase, par­
ticularly in the case of large tumors that often display 
central necrosis[18]; and (2) the nodules that are poorly 
visible or invisible on conventional ultrasound, which 
become clearly visible after contrast injection in both 
the arterial or late phase[18,19].

The negative predictive value of liver biopsy rema­
ins low, and malignancy cannot be excluded from one 
negative result alone. The management of these pat­
ients includes long-term imaging, follow-up, and re-
biopsy. If a re-biopsy is taken into consideration, it is 
imperative to recall its low chance of success when 
performed immediately after the first biopsy, with only 
a 35% increase in positive diagnosis[20]. If a tumor was 
not found in the first biopsy, the chances of success 
are higher (50%) than in cases with a non-diagnostic 
result (necrosis) (25%)[20]. In these cases, especially in 
nodules < 2 cm, imaging follow-up is recommended. 
Performing liver biopsy for the diagnosis of HCC is not 
without risks. Hemorrhage is more frequent when usi­
ng thick needles (1.1% vs 0.5% for fine needle biopsy) 
and when sampling an HCC (2.5%)[11,21]. Risk factors 
for bleeding include: hemostatic abnormalities, the 
degree of liver failure, age, the presence of ascites, or 
the technique used. The risk is generally considered 
to increase with each additional pass, with a larger ne­
edle diameter, and with a smaller area of interposed 
parenchyma[22]. The actual recommendations are to use 
a needle < 1.2 mm in diameter for a maximum of two 
passes, and an oblique approach, which would allow at 
least 1 cm between the lesion and the liver capsule[15,23]. 

The incidence of needle-tract seeding varies in the 
literature between 0% and 7.69%, with a mean of 
3.16% and a median of 2.66% (Table 1); this value is 
lower (1.43%) when considering the global incidence. 
A meta-analysis published in 2007 has established the 
median incidence of tumor cell seeding to be 2.7%[24]. 
Apparently, the larger the needle diameter and the 
number of passes, or the lower the degree of tumor 
differentiation, the higher the risk of seeding. There 
are no studies, however, to confirm this supposition. 
Seeding can occur in the thoraco-abdominal wall or 
intraperitoneally, sometimes several years after the bi­
opsy and even after performing liver transplantation. 
The risk of seeding is not reduced by using the coaxial 
technique[25]. The treatment of needle-tract seeding, 
especially if parietal, is surgical; after surgery, most 
patients experience no recurrences. The occurrence of 
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to be a useful feature for differentiating hypovascular 
early HCC from dysplastic nodules, which appear as 
hypointense nodules in Gd-EOB-DTPA MRI[41]. A more 
recent study reported a sensitivity of 94.7% and a spe­
cificity of 99.3% in classifying high-grade dysplastic no­
dules, which appear hypointense in the hepatobiliary (HB) 
phase without arterial phase hyperintensity and without 
DWI restriction[42]. More importantly, the benign nodu­
les appeared hyperintense in the HB phase, and HCC 
rarely develops from hyperintense hepatic nodules in 
the HB phase. This suggests that these type of nodules 
do not require treatment or more intensive follow-up[43]. 

The degree of tumor differentiation in nodules me­
asuring 1-2 cm can be identified with 60% accuracy, 
however the sensitivity of the histological examination 
in assessing vascular micro-invasion is low, especially 
after fine-needle biopsy[34]. Since vascular micro-invas­
ion defines the prognosis of patients allocated to vario­
us therapies, its estimation (using nodule size and the 
degree of differentiation) is of the utmost importance[34].

Identifying the exact nature of the cirrhotic nodules 
gains additional importance in the context of liver tr­
ansplantation. Several situations where LB may play 

a central role can be defined. For instance, identifying 
an HCC in a patient already on the transplant list using 
imaging studies will increase his or her priority score. 
In the first years of using the MELD score, 7%-31% 
of stage 1 HCC patients who received transplants we­
re found to have no HCC in the explanted liver[44,45]. 
Secondly, although HCC is the most frequent tumor 
type to develop in cirrhotic liver, other tumors are also 
possible (especially cholangiocarcinoma). It is currently 
believed that ≤ 20% of nodules developing in a cirrhot­
ic liver, with imaging behavior typical for HCC, will actua­
lly have another histological structure[16]. The incidence 
of cholangiocarcinoma has increased considerably in 
the past years, and the imaging appearance of small 
peripheral lesions is very similar (or even identical) with 
that of HCC. Since the risk of recurrence after transpla­
nt is much higher for these tumors than for HCC, other 
patient selection criteria are required, as well as a more 
aggressive pre-transplant treatment[16]. Thirdly, HCC 
may sometimes occur in patients with chronic liver di­
sease prior to the development of cirrhosis. The risk 
for HCC development is lower in these patients, and 
consequently any newly discovered nodule, even if hy­

Table 1  The incidence of needle-tract seeding after hepatocellular carcinoma biopsy

Ref. Year Lesion Needle No. of biopsies No. of seeding %

Yamashita et al[35] 1995 HCC 0.8-1.2 mm 
Bard

125   1      0.80

Huang et al[11] 1996 HCC    1.4-2 mm 455   9 2
Kanematsu et al[36] 1997 HCC FNB 0.8 mm   50   2 4
Ch Yu et al[15] 1997 HCC 1.2 mm gun 139   0 0
Chapoutot et al[37] 1999 HCC 1.0-1.2 mm 150   4      2.66
Kim et al[28] 2000 HCC 1.1 mm gun 205   7      3.40
Takamori et al[27] 2000 HCC FNB   59   3 5
Durand et al[14] 2001 HCC 1.2 mm 137   2      1.60
Kosugi et al[29] 2004 HCC n.a 372   6      1.61
Ng et al[30] 2004 HCC FNA   91   1      1.09
Shuto et al[31] 2004 HCC n.a 480   5      1.04
Wang et al[32] 2005 HCC FNA   90   0 0
Saborido et al[33] 2005 HCC FNA   26   2      7.69
Maturen et al[25] 2006 HCC 1.2 mm, coaxial 128   0 0
Colecchia et al[34] 2012 HCC      0.95 mm   81   0 0
Total 2588 42      1.62

n.a: Not available; HCC: Hepatocellular carcinoma; %: Percent; FNA: Fine needle aspiration. 

Table 2  Factors influencing the use of liver biopsy in hepatocellular carcinoma

 1 Poor accuracy of contrast-enhanced methods in the diagnosis of HCC, especially in
small lesions
 2 The risks of LB, which are more severe in patients with cirrhosis and coagulopathy
 3 Inadequate sampling of HCC lesions, especially in cases with very small or very large
ones
 4 The complex system of staging, treatment, and patient allocation to various therapy regimens (BCLC); the correct assessment of prognosis is important 
in the allocation of therapy, and is based mainly on pathology data
5 Modern therapies sometimes have limited applicability (transplantation), cost and effectiveness (systemic treatment); information resulting from 
histological analysis is necessary in order to increase effectiveness and personalize treatment

LB: Liver biopsy; HCC: Hepatocellular carcinoma; BCLC: Barcelona clinic liver cancer staging.
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pervascular, should be biopsied.
The fourth situation when a pre-transplant liver biop­

sy is warranted is related to the importance of assessi­
ng the degree of tumor differentiation and vascular 
invasion. It has been clearly proven that HCC tumor dif­
ferentiation is strongly correlated to survival, both after 
resection and transplantation. The risk of recurrence is 
higher for poorly- or moderately-differentiated vs well-
differentiated tumors[16,46]. This is also applicable for tu­
mors outside of the Milan criteria, but within the Up-to-
seven criteria. This means that the patients with well-
differentiated HCC, and without vascular invasion, have 
a very good prognosis (1- and 3-year survival rates of 
84.2% and 67.4%, respectively)[47].

Vascular micro-invasion is difficult to ascertain by 
liver biopsy, and its risk can only be estimated at best. 
For instance, for a poorly differentiated tumor > 4 cm, 
the risk of vascular micro-invasion is 61%[46]. For well-
differentiated tumors, the size and extent of vascular 
invasion do not appear to influence prognosis[46]. In 
situations where vascular micro-invasion cannot be 
estimated, the use of imagistic methods might be of 
real importance. Diffusion-weighted imaging (DWI), an 
emerging technique in hepatic MRI, provided a sensitiv­
ity of 93.5% and a specificity of 72.2% for the prediction 
of micro-vascular invasion during the preoperative eva­
luation of HCC[48]. Consequently, knowing the exact type 
of tumor appears to be very important for optimizing 
patient selection for transplantation[46,47]. 

In conclusion, choosing to perform a pre-transplant 
biopsy in patients with liver cirrhosis and HCC depends 
on the tumor stage and the severity of cirrhosis. For 
instance, in patients with compensated cirrhosis and 
HCC diagnosed with the Milan criteria, LB should be 
performed in order to correctly confirm or exclude an 
HCC, therefore avoiding the granting of additional ME­
LD points. In patients with decompensated cirrhosis, 
liver biopsy is not indicated since transplantation is 
already an immediate necessity. For patients outside 
of the Milan but within the Up-to-seven criteria, liver 
biopsy is very useful in selecting patients with well-di­
fferentiated tumors who would benefit the most from 
transplantation[44,49]. 

An argument for the use of LB before resection co­
ncerns a poor correlation (sometimes below 50% for 
large biopsied tumors) between the degree of differen­
tiation found on biopsy and on the resected tumor[34,50]. 
This can be explained by the high heterogeneity of la­
rger tumors, which relates to their varying degrees of 
differentiation. Secondly, performing a biopsy before 
a resection will expose the patient to a higher risk of 
peritoneal metastases (12.5% vs 1.6%) and will decr­
ease 5-year disease-free survival (24% vs 52%)[51]. 
However, some authors claim that fine-needle aspirat­
ion before resection does not affect either mortality or 
survival rates[30].

Thirdly, we must not ignore the risk of complications 

(seeding, bleeding), as well as the contraindications 
and limitations of LB (ascites, coagulopathy or isoecho­
ic nodules). The negative predictive value of LB does 
not reach 100%, and a new biopsy or imaging follow-
up is recommended in the case of negative results. Th­
is approach will prolong the time to resection and will 
expose the patient to additional risks[52]. The current ap­
proach states that LB should be indicated and perform­
ed only in tertiary centers that are equipped with state-
of-the-art imaging techniques, high imaging expertise, 
interventional techniques, and pathology labs[47]. In 
other conditions, performing liver biopsy before resecti­
on should be avoided, except in cases where the biopsy 
result is expected to substantially alter the therapy[53].

BCLC intermediate and advanced stages
In each of these stages, the indication to perform LB is 
made based on the following issues: (1) choosing the 
optimal therapy from a variety of possible treatment 
courses. For instance, patients in the intermediate stage 
may benefit not only from chemoembolization, but also 
from curative options such as resection, percutaneous 
ablation or liver transplantation. Curative treatment 
is indicated in the presence of favorable prognostic 
factors, such as well-differentiated HCC or the lack 
of vascular micro-invasion[54]; (2) diagnosing a portal 
thrombus as benign using liver biopsy may suggest the 
need for liver transplantation or resection for a patient 
in an advanced stage; and (3) Considering the poor 
efficacy of current antiangiogenic therapies (Sorafenib), 
which can be attributed to its severe adverse effects 
and high cost, it is essential to exclude other tumors 
that may form in a cirrhotic liver (cholangiocarcinoma, 
mixed types - hepatocholangiocarcinoma) and that wo­
uld require a different therapy[49]. The lack of histological 
confirmation in the Sharp studies, as well other similar 
ones, raises the question of whether or not some cases 
of hepatocholangiocarcinoma may have been wrongly 
diagnosed as HCC in the study groups.

Molecular testing is a staple nowadays in oncology. 
The selection of systemic treatments is made by con­
sidering the tumor molecular biology (as in breast or 
lung cancer). The concept of non-invasive diagnosis 
of HCC (which is the only tumor that does not require 
morphological examination) was established before the 
introduction of new therapeutic agents. Several autho­
rs speculate whether this lack of histological data may 
explain the limited efficacy of Sorafenib, considering 
that certain studies fail to prove the efficacy of other sy-
stemic therapies in HCC[55]. In the future, the multitude 
of studies performed on systemic therapy for HCC will 
have to make use of pathological, molecular and genetic 
information provided by the tissue fragment in order to 
accurately establish the prognosis and to individualize the 
therapy[49,53]. Current progress in molecular biology will 
soon allow for guided treatment based on the express­
ion of tumor genes[53]. At present, molecular genetic 
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tests are costly, and their widespread use is limited by 
their ongoing validation and standardization, as well as 
by the lack of consensus in their guidelines[53].

LIVER BIOPSY IN THE CONTEXT OF 
PERSONALIZED MEDICINE
The role of liver biopsy for the management of patie­
nts with HCC is one of the most active debates in the 
liver cancer community[56,57]. Over the last decade, the 
emergence of high-throughput molecular technologies 
has provided the ability to interrogate the main molec­
ular mechanism involved in HCC development and pro­
gression. HCC is best considered a highly heterogeneo­
us entity that is composed of distinct transcriptomic 
subgroups with various genetic alterations[58,59]. Importan­
tly, a high degree of heterogeneity can also be observ­
ed at the histological level. For instance, fibrolamellar 
carcinoma is already a well-accepted morphological 
and molecular subtype of HCC[60]. Furthermore, the 
chromophobe subtype shows a distinct morphology, 
while also utilizing a specific molecular mechanism to 
overcome replicative senescence, which is in contra­
st to the telomerase activation seen in most HCCs[61]. 
Several histological subtypes, which feature distinct­
ive and recognizable morphological features, have also 
been reported, such as the steatohepatitic, cirrhotic, 
lymphoepithelioma-like, and inflammatory HCCs[61–63]. 
Indeed, the molecular mechanism behind these hist­
ological subtypes awaits clarification, however this is on­
ly a matter of time considering the rapid advancement 
of molecular technologies. It is estimated that 20%-30% 
of HCCs belong to a recognizable morphological/mol­
ecular subtype[57]. A recent paper, published in Hep­
atology, described another HCC subtype that displays 
distinct histological and molecular features[64]. The mac­
rotrabecullar-massive HCC (MTM-HCC) was identified in 
12% of the total cohort (16% of surgically-resected 
samples, 8.5% of liver biopsy samples). In multivaria­
te analysis, the MTM-HCC subtype was an independ­
ent predictor of early and overall recurrence. From the 
molecular point of view, MTM- HCC was characterized 
by high expression of angiopoietin 2 and vascular en­
dothelial growth factor A (VEGFA)[65]. Bi-specific, anti-
angiopoietin 2 and anti-VEGFA antibodies may represe­
nt potent treatments for this subclass of HCC.

Taking into account this new, recently-described MT­
M-HCC subclass, we now have an estimated 36%-46% 
of HCCs that belong to a recognizable morphological 
or molecular subtype. For the remaining HCCs, molecul­
ar subtypes likely exist[66]. Tumor heterogeneity will not 
be fully reflected in all liver biopsies, however many 
HCCs can be sub-classified appropriately. The discovery 
of different histological subtypes, each with distinct 
molecular features, is still in its infancy. Until further ev­
idence is revealed, no recommendations can be made 
regarding how to best treat different subtypes. For the 

time being, HCC should instead be considered as one 
disease. On the contrary, once all the signaling pathways 
for each HCC subtype have been described, liver biopsy 
will indeed be necessary for the correct identification of 
such signaling pathways. Moreover, the identification 
of distinct signaling pathways for different subtypes of 
HCC will allow for the development of new treatments. 
In this ideal and close-approaching scenario, liver biopsy 
will allow for the correct diagnosis of HCC subtypes, the 
corresponding upregulated signaling pathways, and the 
proper choice of specific molecules. This will ultimately 
open the path for personalized medicine.

The balance of risk and benefit defines many of the 
decisions that we make as providers of medical care. 
With respect to the use of liver biopsy in diagnosing 
HCC, the risks are well-defined and quantifiable. Com­
mon arguments against liver tumor biopsy have incl­
uded the risk of bleeding and tumor seeding (Table 1). 
Up to 20% of focal liver lesions developed on a backgrou­
nd of liver cirrhosis are not HCC (14), and almost 46% of 
HCCs have a distinct histological or molecular signature 
that might benefit from targeted therapies. We are all 
afraid of the invasive nature of liver biopsy, but must also 
consider the risks and benefits of treating a non-HCC 
patient as though they had HCC. What is the benefit of 
targeting a molecular pathway in a patient with HCC 
when that targeted pathway is not activated? We 
do not believe that the current guidelines are wrong, 
because the data that form the basis of the existing 
guidelines are against liver biopsy. Nevertheless, due 
to advancements in molecular biology, more and more 
molecular and histological classes of HCC have been, 
and will continue to be, described. We believe that 
there will come a time when diagnostic biopsies will be 
commonly performed. This will improve the diagnosis 
of HCC and increase our ability to provide better patie­
nt care in the future.

LIQUID BIOPSY: THE FUTURE OF LIVER 
BIOPSY
In the past few decades, several studies have dem­
onstrated the utility of circulating cancer byproducts 
known as “liquid biopsy”, which could provide accessib­
le, accurate, and dynamic information to evaluate tumor 
progression. Circulating tumor cells (CTCs), circulating 
cell-free DNA, circulating miRNA, and circulating tumor 
associated microparticles (MPs) can all be united und­
er the term “liquid biopsy”. Compared to liver biopsy, 
liquid biopsy is a noninvasive method used for the iden­
tification of CTCs, circulating MPs, or circulating miRNA/
DNA in the blood of patients with HCC. Moreover, it is 
well accepted by the patients, since only 1 mL of blood 
is enough for proper identification in flow cytometry or 
cell search systems. Similar to conventional biopsies, 
CTSs or MPs can be stained for various surface markers 
specific for HCC. A detailed description of all cancer 
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byproducts is beyond the scope of this review and has 
already been nicely reviewed elsewhere[67]. We will only 
provide some brief examples.

CTCs were detected in blood samples from 45 out 
of 69 HCC patients, compared to 0 out of 31 controls. 
Moreover, CTC numbers correlated significantly with 
tumor size, PVT and survival[68]. Others have found th­
at patients with preoperative detectable EpCAMmRNA+ 

CTCs had significantly shorter TTR (median of 10.9 mo 
vs not reached) and higher recurrence rates (59.6% 
vs 25.7%) than those without detectable EpCAMmRNA+ 

CTCs[69]. Chan et al[70] confirmed the existence of typical 
DNA copy number variations in the peripheral blood of 
four HCC patients, which primarily disappeared after 
surgical resection. Circulating miRNA is probably the 
most studied form of liquid biopsy in HCC. Several mi­
RNAs have been reported to have a role in diagnosis, 
prognosis and follow-up[67]. More recently, another form 
of liquid biopsy has gained particular attention. Circulati­
ng tumor microparticles that are positive for a combinati­
on of antigens, particularly AnexinV+EpCAM+ASGPR1+

CD133+, allowed for the distinction of liver malignancies 
(HCC or CCA) and cirrhosis from tumor-free individuals 
and, more importantly, from patients carrying other non-
liver cancers. In addition, AnexinV+EpCAM+ASGPR1+ 

microparticles were increased in liver cancer-bearing 
patients compared to patients with cirrhosis that lacked 
any detectable liver malignancy[71].

The term liquid biopsy has only recently been intr­
oduced, and the technology for cancer byproduct iden­
tification is still in its infancy. Until more and more data 
becomes available, liquid biopsy cannot be performed 
in daily practice and should instead be used for research 
intents. Time will decide the limits of liquid biopsies and 
whether it can replace conventional biopsies. The re­
ported sensitivity and specificity of liquid biopsy in HCC 
is rather modest. Better performance was reported for 
liquid biopsy as a tool to monitor treatment outcomes. 
Indeed, a lot of work must be done in this field before 
we can draw any conclusions. Continuously improving 
the detection and characterization of CTCs, circulating fr­
ee DNA, and MPs is of the utmost importance, since liquid 
biopsy has several advantages over conventional biopsy: 
(1) it is a non-invasive procedure; (2) it can be easily 
repeated over time, which offers a more complete portr­
ait of the disease; (3) it could better reveal the genetic 
complexity of a highly heterogeneous tumor; and (4) it 
is much faster[72].

CONCLUSION
Presently, morphological examination during HCC dia­
gnosis is very carefully adjusted, as one must consid­
er the availability of non-invasive techniques and, on 
the other hand, the need for prognostic criteria and 
individualized therapy. Improving the biopsy technique 
(higher needle performance, more accurate guidance 

in the active, hypervascular areas of the tumor, and 
the use of techniques with a lower seeding risk) will 
increase the sensitivity of the procedure and decrea­
se the complication rate. With recent advances in high-
throughput molecular technologies, which have allowed 
for the identification of novel HCC subclasses with 
prognostic impact, the role of liver biopsy will gain incr­
easingly more attention and reconsideration.
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Abstract
To date the imaging diagnosis of liver lesions is based 
mainly on the identification of vascular features, which 
are typical of overt hepatocellular carcinoma (HCC), but 
the hepatocarcinogenesis is a complex and multistep 
event during which, a spectrum of nodules develop wi
thin the liver parenchyma, including benign small and 
large regenerative nodule (RN), low-grade dysplastic 
nodule (LGDN), high-grade dysplastic nodule (HGDN), 
early HCC, and well differentiated HCC. These nodules 
may be characterised not only on the basis of their re
spective different blood supplies, but also on their dif
ferent hepatocyte function. Recently, in liver imaging the 
introduction of hepatobiliary magnetic resonance imaging 
contrast agent offered the clinicians the possibility to 
obtain, at once, information not only related to the 
vascular changes of liver nodules but also information 
on hepatocyte function. For this reasons this new ap
proach becomes the most relevant diagnostic clue for 
differentiating low-risk nodules (LGDN-RN) from high-
risk nodules (HGDN/early HCC or overt HCC) and con
sequently new diagnostic algorithms for HCC have been 
proposed. The use of hepatobiliary contrast agents is 
constantly increasing and gradually changing the standard 
of diagnosis of HCC. The main purpose of this review is to 
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underline the added value of Gd-EOB-DTPA in early-stage 
diagnoses of HCC. We also analyse the guidelines for the 
diagnosis and management of HCC, the key concepts of 
HCC development, growth and spread and the imaging 
appearance of precursor nodules that eventually may 
transform into overt HCC.

Key words: Hepatobiliary contrast materials; Cirrhosis; 
Gadoxetic acid; Magnetic resonance imaging; Liver

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Hepatobiliary contrast agents improve detection 
and characterization of focal liver lesions in patients with 
cirrhotic liver. Gd-EOB-DTPA provides information not only 
on vascular changes but also on hepatocyte function. 
Based on the recent advances in liver magnetic resonance 
imaging (MRI) technology, in this review, we discuss the 
pivotal role of Gd-EOB-DTPA enhanced MRI for the future 
of hepatocellular carcinoma’s management.
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INTRODUCTION
Liver cancer is the fifth most common cancer in men, the 
ninth in women and is the second most common cause of 
death from cancer worldwide[1]. Hepatocellular carcinoma 
(HCC) is a primary tumour of the liver and several risk 
factors for its development have been identified. These 
include hepatitis C viral (HCV) infection, hepatitis B 
virus (HBV) infection, hereditary hemochromatosis and 
cirrhosis of almost any cause[2].

The diagnosis of HCC can be difficult and often re­
quires the use of one or more imaging modalities[3-6]. 
Surveillance for HCC aims to reduce disease-related mor­
tality because an accurate and early detection and cha­
racterization of focal liver nodule is mandatory since the 
management of HCC patients differs to other malignant 
or benign nodules and the prognosis of HCC depends 
mostly on the stage at which the tumour is identified[7].

Liver cirrhosis is the underlying and common con­
dition associated with hepatocarcinogenesis. Cirrhosis 
develops after a long period of chronic liver disease 
when the risk of HCC is still low. The nodules that 
could be potentially find in a cirrhotic liver comprise: 
regenerative nodule (RN), low-grade dysplastic nodule 
(LGDN), high-grade dysplastic nodule (HGDN), early 
HCC, well differentiated HCC and moderately-poorly dif­
ferentiated HCC. Hepatocarcinogenesis is a multistep 
event during which cell density increase, Kuppfer cells 
decrease, nodules enlarge and hemodynamics changes 

occur. To date, the imaging diagnosis of HCC is based 
on the characterization of vascular features, which are 
typical for overt HCC[3,6,8]. In fact, in the final step of 
hepatocarcinogenesis, the tumor blood supply consists 
of nontriadal or unpaired arteries and sinusoidal capil­
larization, with reduced or absent portal blood supply[9]. 

However, an atypical vascular behaviour is quite common 
in small (< 2 cm) nodule and almost one-third of these 
are malignant (‘‘the one-third rule’’)[10]. These features 
depends on intra-nodular perfusional changes during 
carcinogenesis, starting with arterial hypovascularity with 
portal supply still present, followed by a decrease of both 
arterial and portal blood flow and, subsequently, to an 
hypervascular pattern[5]. 

At the same time organic anionic transporting poly­
peptide (OATP), transporters of bile salts, simultaneously 
and gradually decrease. OATP is expressed in RNs and 
LGDNs and its levels are lower in many HGDNs, early 
HCCs and progressed HCCs. The hemodynamic changes 
are well depict during dynamic multi detector computed 
tomography (MDCT) and magnetic resonance imaging 
(MRI) and both European and American guidelines have 
endorsed this techniques for the diagnosis of HCC > 1 
cm, based on the typical hallmarks of hypervascularity 
in arterial phase with wash-out in portal phase, avoiding 
liver biopsy[10,11]. Moreover, OATP8 expression level re­
duces prior to complete neoangiogenesis[12] and the use 
of hepatospecific contrast media in MRI is considered a 
“new” HCC diagnostic tools that allows either to increase 
sensitivities for detection of HCC of all sizes[13] or would 
make it possible to identify preneoplastic lesions, such as 
HGDNs[14]. Furthermore, MRI offers additional imaging 
sequences that can be helpful in nodule characterization, 
including T2-weighted imaging (T2-WI) and diffusion-
weighted imaging (DWI), which provides information on 
cellularity and has shown additional value to gadolinium-
enhanced MRI by increasing the detection rate of HCC[15]. 
However, precise differentiation of preneoplastic lesions 
remain uncertain to date. The recent introduction of hepa­
tobiliary MRI contrast agent gadolinium-ethoxybenzyl-
dieth-ylenetriamine pentaacetic acid (Gd-EOB-DTPA, 
Primovist®; Bayer Schering Pharma, Berlin, Germany) 
which gives information not only on vascular changes 
but also on hepatocyte function, raises the sensitivity 
for the detection of early HCC to 91%-93%[16]. Many 
authors[9,16-21] suggested that Gd-EOB-DTPA-enhanced 
MRI is itself the most relevant diagnostic tool for diffe­
rentiating low-risk nodules (LGDN, RN) from high-risk 
nodules (HGDN, early HCC, overt HCC) and hence new 
diagnostic algorithms for HCC have been proposed[4,22].

Based on the recent advances in MRI imaging tech­
nology and since early-stage diagnoses of HCC have in­
creased and opened the possibilities to curative therapy, 
the purpose of these review is to the analyze the guide­
lines for the diagnosis and management of HCC; the 
basic MRI protocol and the advanced techniques, the 
key concepts of HCC development, growth and spread 
and the imaging appearance of precursor nodules that 
eventually may transform into overt HCC in order to eluci­
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risk patients undergo ultrasound (US) and measurement 
of serologic markers every 3-4 mo, or dynamic CT/MRI 
every 6-12 mo for patients that are not suitable for US 
examination, while high-risk patients undergo US and 
measurement of tumour markers every 6 mo[23].

The NCCN guideline and EASL guideline divide pa­
tients in cirrhosis group and non-cirrhosis group, inclu­
ding liver function for EASL guideline. NCCN Guideline 
considers only cirrhotic patients as candidates for sur­
veillance, while EASL Guideline recommends surveilling 
the non-cirrhosis group for chronic HCV with advanced 
fibrosis[3].

In NCCN, EASL and AASLD guidelines surveillance 
is performed with only US scan every 6 mo. If a nodule 
≤ 1 cm is found at US, EASL and AASLD guidelines re­
commend another ultrasound examination performed 
every 3 or 4 mo; if the lesion grows and exceed 1 cm, 
CT or MRI are performed, instead a stable lesion undergo 
US follow-up every 3 or 4 mo for 1 or 2 years, with 
regular checking every 6 mo thereafter. NCCN Guideline 
recommends CT, MRI or US examination with contrast 
enhancement (CEUS) at 3 to 6 mo if a nodule < 1 cm is 
found. MDCT or MRI examinations are mandatory if the 
nodule at first US examination exceeds 1 cm, and the 
non-invasive diagnosis of HCC is possible if the nodule 
shows arterial enhancement and venous equilibrium 
phase washout. A difference between EASL guideline 
and AASLD guidelines is that EASL guideline states that 
typical feature of HCC have to be identified in both CT 
and MRI for 1 to 2 cm nodules in other than centres of 
excellence; a single imaging modality is sufficient for 
1 to 2 cm nodules for AASLD guideline, independently 
from the centre of examination. If the typical pattern of 
HCC is not observed the patient undergo the other im­
aging modality, and if this is not diagnostic too, biopsy is 
recommended and if it is inconclusive, US is performed 
after 4 mo.

All these pathways examined, extensively used in 
western countries are “size based”, while J-HCC, JSH 
and APASL guidelines’ algorithms are “non-size based”, 
with all patients undergo dynamic imaging regardless of 
nodule size. If dynamic CT/MRI reveal typical HCC pat­
tern a definitive diagnosis can be made. JSH Guideline 
includes Gd-EOB-DTPA MRI (gadoxetic acid disodium, a 
liver-specific contrast agent) as a tool for first-line surveil­
lance and diagnosis of HCC. Otherwise, J-HCC guidelines 
recommend the use of Gd-EOB-DTPA MRI, together with 
SPIO-MRI, CEUS, CTA and biopsy for nodules larger than 
1 cm revealing only hypervascularity with no wash-out, 
while only US follow-up at 3 mo is suggested for nodule 
< 1 cm[24].

The APASL Guideline recommend SPIO-enhanced 
MRI or Sonazoid CEUS for patients with atypical vascular 
pattern: diagnosis of HCC can be made if there is not 
uptake, otherwise follow-up is recommended[27].

On summary, the main differences among guidelines 
are represented by the use or serologic markers for 
surveillance, the distribution of patients in different 
risk categories and finally in the use of more detailed 

date the pivotal role of Gd-EOB-DTPA-enhanced MRI for 
the future of HCC’s management, through a review of 
the published literature.

INTERNATIONAL GUIDELINES
Many studies have examined the clinical management 
of HCC, detecting guidelines to define a standardized 
approach to surveillance, diagnosis and treatment, with 
the aim of improve timely diagnosis and early inter­
vention.

Guidelines in fact could be a roadmap to develop 
decision making algorithms, improving quality of treat­
ment and patients’ outcomes according with support of 
regional or national resources. From 2001 to 2017 at 
least 20 guidelines have been published worldwide, with 
some differences in surveillance and diagnostic criteria[23].

The American Association for the Study of Liver 
Diseases (AASLD) was founded in 1950, providing re­
commendation for surveillances, diagnosis, staging and 
treatment of HCC, in a similar way of European Asso­
ciation for the Study of the Liver (EASL)[8], while the 
first edition of practice guidelines for HCC in Japan was 
published in 2005[24]. Most of the guidelines devises the 
form of surveillance depending on risk factors for HCC 
and on individuating patients with risk factor that have 
to be monitored. Risk factors are divided into those 
that are cirrhosis-related (HBV, HCV, alcoholic cirrhosis, 
genetic causes such as hemochromatosis, non-alcoholic 
steatohepatitis, stage IV primary biliary cirrhosis, alpha 
one antitrypsin deficiency) and those that are non-cir­
rhosis related, (being an HBV carrier with family history 
of HCC, being Asian and > 40 years old, being African/
North American black infected with HBV). The distri­
bution of risk factors is different among the world, being 
HBV the leading cause of HCC in Africa and East Asia, 
instead HCV is the main cause in Europe, Japan and 
North American. However, cirrhosis of any aetiology, is 
the strongest predictor of HCC[25,26].

The main differences in surveillance among guidelines 
is represented by the use of serologic markers [alpha-
fetoprotein (AFP), agglutinin-reactive fraction of AFP, 
des-gamma-carboxy prothrombin (DCP)] and grouping 
the patients depending on risk to develop HCC[23,27]. 
The use of serologic markers in HCC surveillance is still 
recommended only by the Japan Society of Hepatology 
(JSH) Guideline and Japan-HCC (J-HCC) Guideline[4,24], 
while guidelines in many western countries, such as the 
AASLD Guideline, the National Comprehensive Cancer 
Network (NCCN) Guideline and the EASL guideline 
have excluded serologic markers from surveillance cri­
teria[3,8,28].

Guidelines have some differences in definition of high-
risk population: JSH Guideline and J-HCC Guideline divide 
patients in very-high risk population, including individuals 
with HBV and HCV cirrhosis, and high risk population, 
including individuals with cirrhosis with other causes or 
with chronic HBV or HCV infection. The two groups of 
patients have a different surveillance protocol: very high-
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algorithm in J-HCC, JSH and APASL guidelines in case of 
hypervascular and hypovascular nodules, which maybe 
makes them more defined pathways.

RNS AND LGDNS
HCC is a complicated disease with a multi-step process 
from preneoplastic lesions, including cirrhosis, RN, 
LGDN, HGDN to HCC[29]. A RN is a well-defined area of 
liver parenchyma that has enlarged in response to ne­
crosis, altered perfusion or other stimuli and consist of 
proliferating normal liver cells surrounded by a fibrous 
stroma[30].

Because of their histopathological nature, RNs are 
often not visible on T1 and T2 WI. However, they may 
appear hypointense, isointense or hyperintense related 
to the background liver on T1-WI or to the presence of 
paramagnetic materials a glycogen which contributes to 
T1-WI hyperintensity (Figure 1). On T2-WI, the signal 
intensity of the RNs is not hyper (unlike HCC) and they 
are often hypointense or isointense; low signal intensity 
may be due to iron deposition[9,31]. On DWI, RNs could 
be iso or less than a few times mild hyperintense com­
pared to the surrounding parenchyma and the likely ex­
planation for this mild hyperintensity was local areas of 
active fibrosis or infarction[32,33].

These nodules preserve hepatocellular function and 
lack neoangiogenesis. Thus, after extracellular contrast 
agent injection, enhancement is similar to, or slightly 
lower than that of the surrounding liver parenchyma 
while, after hepatobiliary MRI contrast agent injection, 
they usually appear iso- or hyper-intense on hepatobiliary 
phase images when compared to the surrounding 
liver[9,31].

The pre-malignant potentiality of RNs was contro­
versial, but recently Sato et al[34] reported a rate of pro­
gression to malignancy of 13.6% at 50 mo and 32% 
at 100 mo for large RNs and these data stressed the 
outcome reported by Kobayashi et al[35] who reported an 
evolution rate into HCC of 12.4% in a 5-year period.

A DN is a focal area of hepatocytes ≥ 1 mm in 
diameter with dysplasia, without definite histologic malig­
nant features[30]. They are classified into LGDNs and 
HGDNs based on cytological and architectural atypia as 
seen on microscopic evaluation. 

In LGDNs, the hepatocytes rarely show a clonal 
population, there is minimal nuclear atypia and only an 
initial increase in the nuclear/cytoplasmic ratio. Large 
cell change is often present, but mitotic figures are ab­
sent. Without obvious clonal population, the distinction 
between LGDN and a large RN is difficult and does not 
comport any practical consequences as long as features 
of HGDN are absent[30].

The combination of iso- or hyper-intensity on T1-
WI and iso- or hypo-intensity on T2-WI strongly sug­
gests a DN. The reasons for the high intensity on T1 
images include fatty change, intratumoral copper and 
increased zinc in the surrounding parenchyma. As RNs, 
LGDNs are iso or mild hyperintense compared to the 
surrounding parenchyma on DWI[32,33]. LGDNs display 
enhancement characteristics similar to that of the 
background liver parenchyma on all dynamic phases; 
because they remain mainly supplied by the portal cir­
culation. LGDNs have been recently demonstrated as 
the tipping point (i.e., pre-HCC state rather than HCC 
state) of hepatocarcinogenesis[36] and the evolution of 
dysplastic nodules into early HCC includes appearance of 
arterial blood supply and stromal invasion[37]. Channual 

Lesion Unenhanced sequences

Siderotic

Glicogen
-rich
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T1 IP T1 OP T2 T1 fat-sat
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Figure 1  Schematic representation showing pre-contrast magnetic resonance imaging features of cirrhotic nodules such as siderotic (iron reach), 
glicogen rich and fatty nodule. T1 IP: T1-weighted in-phase image; T1 OP: T1-weighted out-of-phase image.
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et al[19] recently reported that LGDNs show lower relative 
intensity ratio on T2-WI and higher unenhanced to ar­
terial signal intensities when compared with HGDNs and 
HCC.

All LGDNs demonstrated OATP1B3 expression similar 
to or higher than that of the surrounding liver and be­
cause of this OATP1B3 expression, commonly show 
iso/hyperintensity relative to surrounding liver in the 
hepatobiliary (HB) phase (Figure 2). According to the 
latest EASL and AASLD guidelines[3,5], DNs should not be 
treated or managed as cancers, nevertheless also LGDNs 
should be followed by regular imaging studies, since as 
firstly reported by Kobayashi et al[35] there is an annual 
transition rate of 10% for patients with LGDN and a 5-year 
cumulative transition rate of 30.2 and more recently Sato 
et al[34] studied founded a 50-mo transition rate of 40% 
in DNs.

Many authors demonstrated that reduction of signal 
intensity on both the late dynamic and hepatobiliary 
phase should then be considered an high feature of malig­
nancy and could predict malignant transformation[16,38,39]. 
Therefore, a more frequent surveillance imaging is fun­
damental in these cases taking into account that the dif­
ference in the rates of malignant transformation between 
RNs and DNs is also important and highlighting the 

importance of classifying non-HCC lesions in cirrhotic liver 
into RNs and DNs. MRI features proposed by different 
authors for LGDN are summarized in Table 1.

HGDN
HGDNs usually have a vaguely nodular shape and lack 
of a capsule. Their cells are structured in an irregular 
trabecular pattern and are increased in density (2 times 
higher than the normal surrounding parenchyma). 
HGDNs often contain fat and sometimes copper and/or 
iron. Unpaired arteries are present even if in small num­
ber, and feeding portal veins are diminishing but still 
present. Finally organic anionic transporting polypeptide 
(OATP) expression progressively decrease[35]. The 
histopathological features of HGDNs are responsible for 
the lack of typical enhancement hallmark of HCC, that 
is arterial enhancement and delayed wash-out, and for 
their different appearance on the radiological imaging. 
MRI, better than other imaging techniques, is able to 
depict all this hepatocarcinogenesis changes[40].

Depending on iron or fat concentration, HDGNs can 
differently appear on pre-contrast sequences. Non-
siderotic dysplastic nodules typically are hyperintense 
on T1-weighted sequence and iso-hypointense on T2-

Lesion

RN

HGDN

Early HCC

HCC 
classic

HCC 
green

HCC 
ipo-
vascular

Unenhanced T1 Arterial Portal venous Delayed Hepatobiliary DWI T2

Sequences

Isointense lesion Hyperintense lesion Hypointense lesion Slightly hyperintense lesion

Figure 2  Schematic representation showing dynamic, diffusion weighted images and T2-weighted features, of regenerative nodules, high-grade dysplastic 
nodule, early hepatocellular carcinoma, classic hepatocellular carcinoma, green hepatocellular carcinoma and hypovascular hepatocellular carcinoma. 
DWI: Diffusion weighted images; HGDN: High-grade dysplastic nodule; RN: Regenerative nodule; HCC: Hepatocellular carcinoma.
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weighted sequence[41]. With the increase of iron con­
centration HGDNs will appear as hypointense both on 
T1w and T2w images, although hyperintensity on T1w 
in siderotic nodules has been described which is related 
to low amount of iron[42] (Figure 3). Fat-rich HGDNs 
show hyperintensity on T1w in-phase images with a 
signal drop on out-of-phase images[43]. However intra­
cellular fat is typical also in early HCC and can even 
found in overt HCC. In DWI, which provides information 
about cellular density, HGDNs have no restriction. For 
all this reason a correct characterization only based 
on pre-contrast images is not possible and the use of 

hepatospecific contrast agent to differentiate pre-neo­
plastic lesions and HCC is essential. A PubMed search 
using “high grade displastic nodules”, “HGDN”, “Gd-
EOB-DTPA” and “Primovist” as keywords, identified 9 
studies from 2011 to 2017, of whom only 4 focused on 
vascular pattern[1,11,16,17,44-48]. Typically, after hepatobiliary 
contrast agent injection, dysplastic nodules appear iso or 
hypointense on the arterial phase due to the uncomplete 
capillarization, and hypointense in delayed phase. Barto­
lozzi et al[17], in their study correlated dynamic MRI with 
histological findings on explanted cirrhotic lesions. They 
found 30 HGDNs of whom the majority (20/30) were iso-

No. of nodules T1w T2w Arterial phase Delayed phase DWI HB

Golfieri et al[10] 38 =/- = = =/-
Bartolozzi et al[17] 32 NA =/+ =/+ +/=
Golfieri et al[16] 27 =/+ =/+ = = =/+
Chen et al[33] 10 + =/- =/+ =/- =/+
Di Martino et al[21] 29 + - =/- = =/+
Shin et al[44]   6 =/- =/- = = =

Table 1  Magnetic resonance imaging features of low-grade dysplastic nodules according to various authors

+: Hyperintense; =: Isointense; -: Hypointense; NA: Not available; DWI: Diffusion-weighted imaging; HB: Hepatobiliary.

A B C D

E F G H

I J K

Figure 3  High-grade dysplastic nodule. Gd-EOB-DTPA enhanced MR images of a 57 years old cirrhotic patient with a liver nodule in the Ⅷ segment. A and B: Axial 
T1-weighted sequences both ”in phase” and “out of phase” show a hyperintense nodule; C and D: On T2-weighted image with and without fat saturation the nodule 
appears as isointense; E-H: during the dynamic contrast-enhanced images the nodule shows a slight enhancement in the arterial phase, without wash-out in portal 
and delayed phases; I and J: Diffusion weighted image demonstrate no restriction to the diffusion; K: In hepatobiliary phase the nodule is hypointense in comparison 
to the surrounding liver parenchyma. The MRI features, suggestive of high grade dysplastic nodule, have been later confirmed by the histological examination. MRI: 
Magnetic resonance imaging.
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hypointense on arterial phase and hypointense on late 
phase and the remaining 10 cases were iso-hyperintense 
on both arterial and late phases[17]. Kim et al[45] confirmed 
the prevalence of the iso-hypointense appearance of 
HGDNs in arterial phase. However vascular changes are 
a dynamic event and HGDNs may show hypervascular 
arterial enhancement[45]. Golfieri et al[10,16] in two different 
studies (2011 and 2012) reported a non-negligible 
amount of hypervascular enhancement in arterial phase, 
probably related to the fact that in both series HGDNs 
and early HCC were considered in the same group. 
The different radiological appearance clearly reflect the 
hemodynamic changes: Hypointense nodules in arterial 
phase are those lesions with arterial hypovascularity and 
a normal portal perfusion, isointense nodules are lesions 
with a perfect balance in the decrease of both arterial 
and portal blood supply and finally hyperintense nodules 
are lesions with an increase in arterial vascularity and the 
complete disappear of portal perfusion. In all studies the 
majority of HGDNs were hypointense on hepatobiliary 
phase (HBP). During hepatocarcinogenesis, OATP ex­
pression reduces prior to complete neoangiogenesis 
and increased arterial flow and so dysplastic nodules 
appear non-hypervascular and hypointense on HBP[9]. 
HB hypointensity is the most sensitive MRI feature to 
discriminate benign from malignant/pre-malignant 
lesions[49]. Moreover according to the literature non-
hypervascular nodules with hypointensity on HBP have 
been shown to develop subsequent hypervascularization 
(range, 31%-35%) during the follow-up period of 1–3 
years, being a risk factor for the development of HCC[50]. 
The probability to become hypervascular nodule in­
creases with the nodule’s dimension. According Kumada 
et al[51] a tumour diameter of 15 mm is the critical 
threshold for the vascularization of hypointense nodule 
since, at this size, nodules proliferate more actively and 
develop unpaired arteries. Akai et al[52] confirm these 
results. In fact, in their series hypointense nodules = 15 
mm has a higher risk to progress to overt HCC in com­
parison to hypointense nodules > 15 mm (HR = 3.55; 
95%CI: 0.79.12.3), although no significant difference 
was observed. As previously reported HGDNs have 
no restriction in the DWI. Shin et al[44] demonstrated 
that hyperintensity in DWI, combined with high signal 
intensity on T2, was the most specific feature to diffe­
rentiate atypical HCCs from dysplastic nodules (sensitivity 
80.0%, specificity 100%, positive predictive value 100%, 
negative predictive value 78.3%) due to the low cel­
lularity of HGDNs when compared to HCC.

To conclude the combination of all MRI features (le­
sion size, intranodular fat, T2 and T1 intensity, DWI, 
HBP intensity), improves the characterization of lesions 
developed in a cirrhotic liver without the typical vascular 
pattern of HCC[53].

EARLY HCC
The multistep process of hepatocarcinogenesis, from 
RN to overt HCC, passes through an early stage of HCC. 
From a pathological point of view cancer cells of early 

HCC show unremarkable cellular atypia however nuclear-
cytoplasmic ratio is increased and cellular density may be 
more than twice that of the surrounding non-cancerous 
liver tissue[54]. Early HCC proliferates by replacing adjacent 
hepatocytes in a trabecular pattern at the boundary with 
surrounding normal liver tissues, resulting in a poorly 
demarcated margin[55]. The pathologic features of early 
HCC closely resemble those of high grade dysplastic 
nodule (HGDN) and a distinct pathological differentiation 
between them is still lacking. According the International 
Consensus Group for Hepatocellular Neoplasia (ICGHN), 
stromal invasion should be considered as the most 
characteristics pathologic findings of early HCC[56]. The 
challenge for the radiologists is not only to differentiate 
between early HCC and HGDN but also with progressed 
HCC since early HCC shows a longer time to recurrence 
and a higher 5-year survival rate[57]. In this setting, 
magnetic resonance imaging using hepatospecific such 
as Gd-EOB-DTPA represents a major breakthrough in 
the proper characterization of liver nodules. In the last 
years some authors have described the MRI findings of 
histologically proven early HCC[10,58]. The largest series, 
published by Sano et al[59], described the MRI behaviour 
of 180 resected early HCC. In this study authors demon­
strated that early HCC (n = 30) mostly appear as iso­
intense on T1-WIand isointense or hyperintense on T2-
WI. In some cases it may contain fat and appear as 
hypointense on T1-weighted sequences “out of phase” 
(Figure 4). Regarding contrast enhancement behaviour 
early-HCC is mainly hypovascular during arterial phase 
due to the lack of unpaired arteries. However some early 
HCCs may show hypervascular foci within them and this 
is the so called “nodule in nodule” appearance. During 
portal and delayed phases early HCC mostly appears 
as hypointense due to the progressive reduction of 
portal blood flow and in hepatobiliary phase is typically 
hypointense, because of the absence or the reduction 
of OATP1B3 carriers[59]. However, hypointensity in the 
hepatobiliary phase is not an peculiar finding of early 
or progressed HCC but can also be seen in dysplastic 
nodules, particularly in high grade[38]. In this setting, 
hyperintensity on DWI is the more accurate imaging fea­
ture to differentiate between early HCC/HCC and HGDN, 
with a sensitivity of 72.0%, higher than that of hyper­
intensity on T2 weighted images which is about 40.0% 
as reported by Hwang et al[60]. This finding has been 
recently confirmed by Renzulli et al[61]. In their series 
of 420 liver nodules, all the 24 histologically proven 
early-HCC were hypointense on hepatobiliary phase, 
hypovascular during arterial phase and hyperintense on 
DWI[61]. The explanation of the restriction to the diffusion, 
which is responsible for the hyperintensity on DWI, may 
rely on the increased cellular density during the histologic 
transition from dysplastic nodule to HCC. MRI features 
proposed by different authors for HGDN and early-HCC 
are summarized in Table 2.

HCC
HCC may arise from pre-existing DN or from an early 
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HCC. In both cases, it can take the macroscopic and 
radiological feature of the well-known “nodule in nodule”. 
At the earliest stage, progressed HCC can be small, 
less than 2 cm and it is rarely a diagnostic dilemma ei­
ther from a radiological and histological point of view. 
It is characterized by a destructive growth pattern with 
neoarterialization and microscopic vascular invasion in 
1/4 of the cases. Portal tracts are no visible anymore 
and the borders of the tumour are usually rimmed by 
fibrosis that create a tumour capsule. Histologically, small 
but progressed HCC is usually well to moderately dif­
ferentiated (G1/G2)[62].

According to the AASLD practice guidelines, typical 
enhancement of HCC during dynamic phases was defined 
as a combination of iso- to hypo-intensity on precontrast 

images, hyperintensity on arterial phase images, and 
hypointensity on PVP or delayed phase images, which 
represents washout[5]. This is based on previous studies 
that have demonstrated that HCCs contain solely arterial 
blood, whereas the normal liver parenchyma contains 
both arterial and portal blood[63]. However, many nodules 
in cirrhotic liver may have atypical enhancement patterns 
especially smaller ones (< 2 cm), and following “the one-
third rule”, approximately 30% of these are malignant[10]. 

In fact, HCC nodules smaller than 20 mm may be 
hypovascular, showing isointensity during the arterial 
and portal venous phases or may not have wash-out in 
portal phase[64]. Yoon et al[64] reported that the probability 
to have arterial phase enhancement was not only re­
lated to the size of the tumor, but also to the degree 

A B C D

E F G H

I J K L

Figure 4  Typical case of lipid-rich hepatocellular carcinoma. A and B: The signal loss of nodule on opposed-phase compared to in-phase indicates intralesional 
fat; C and D: There is mild signal intensity on T2 and DWI restriction (L); E: The nodule appears hypointense in pre-contrast phase; G-J: Note the typical arterial phase 
hyperenhancement (G and H) followed by washout appearance in the portal venous (I) and/or delayed phase (J) that is the key diagnostic feature of HCC; K: The 
lesion also demonstrate hypointensity in the hepatobiliary phase; F-H: Note how the multi-arterial phase imaging (F and H) able improve the conspicuity of the HCC, 
especially in the late arterial phase (H). DWI: Diffusion weighted images; HCC: Hepatocellular carcinoma.

No. of nodules T2w Arterial phase Delayed phase DWI HB

High grade dysplastic nodules
   Golfieri et al[10]   20 + +/= = -
   Golfieri et al[16]   41 +/= = -
   Bartolozzi et al[17]   30 -/= - -
   Choi et al[48]   17 -
   Sugimori et al[46]     7 -
   Kim et al[45]   17 -/= -
   Shin et al[44]   12 -/= -
Early HCC
   Sano et al[59] 180 =/+ +/= - -
   Renzulli et al[61]   24 =/+ + - + -

Table 2  Magnetic resonance imaging features of high-grade dysplastic nodules and early hepatocellular carcinoma according to 
various authors

+: Hyperintense; =: Isointense; -: Hypointense; DWI: Diffusion-weighted imaging; HB: Hepatobiliary; HCC: Hepatocellular carcinoma.
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of tumor differentiation, with poor differentiated HCC 
nodules having more probability to have arterial phase 
enhancement. In the same studies, the authors show 
that also the wash-out in portal phase was also related 
the degree of dedifferentiation with moderately and 
poorly differentiated HCCs have more probability to have 
wash-out than well-differentiated tumors. The atypical 
enhancement of small HCCs and well-differentiated 
HCCs during dynamic phase MR imaging may be ex­
plained by their immature arterialization during hepato­
carcinogenesis[34,35,65,66]. 

Several previous studies[49,67] have demonstrated 
that HB phase imaging of hepatocyte-specific contrast 
agents such as Gd-EOB-DTPA can improve the detection 
and characterization of small nodules in the cirrhotic liver 
in comparison with dynamic phase imaging. However, 
Choi et al[68] have shown in their study that 10%-27% 
of HCCs remain iso- to hyper-intense on HBP images 
(Figure 5). The signal intensity on HBP may not depend 
on tumor differentiation, but rather on the degree of 
OATP8 expression and other potential genetic alterations, 
with possibility of poor differentiated HCC showing a high 
degree of OATP8 expression[12,69]. Furthermore, HCC 
can produce bile, thus appearing macroscopically green 
after fixing with formalin, the so called “green HCC”[55]. 
Asayama et al[70] in their study, significantly correlated 
the uptake of Gd-EOB-DTPA with green HCC, even if it 
was found that the location of uptake of Gd-EOB-DTPA 
in the tumor did not macroscopically correspond to the 
greenish areas. 

Atypical enhancement pattern on dynamic phase 
images and iso- to hyperintensity on HBP images were 
more frequently detected in patients with worse Child 

Pugh class. The reason is that both the tumor and liver 
characteristics can affect the relative signal intensity of 
HCC and the gadoxetic acid uptake in the liver at HBP 
can particularly be diminished and delayed in the cirrhotic 
liver[67]. Therefore in cirrhotic patients the imaging inter­
pretation of HCCs has to include a multiparametric asses­
sment with other MR sequences. 

However, Renzulli et al[61], in a recent study, included 
HBP hypointensity as an hallmark sufficient for diagnosis 
of HCC together with arterial phase hyperintensity and 
DWI restriction, purposing that only these three ele­
ments allow the diagnosis, excluding portal venous and 
delayed phase evaluation. Their diagnostic algorithm 
shows higher sensitivity and a specificity not very lower 
than that of the AASLD even for lesion smaller than 2 cm 
in cirrhotic patients evaluated with Gd-EOB-DTPA MRI, 
suggesting the increase value of the HBP signal intensity 
for diagnosis of HCC.

CONCLUSION
In summary, the use of MR with Gd-EOB-DTPA is in­
creasing and progressively changing the standard of 
diagnosis of HCC and some international groups have 
boosted its role in new diagnostic algorithms for HCC. 
Indeed, to date the use of Gd-EOB-DTPA should be 
considered as an integral part and first line approach 
in diagnostic management of liver nodules in patients 
with liver cirrhosis, because it offers information not 
only related to the vascular pattern but also significant 
information on hepatocellular function. In most of cases 
the Gadoxetic acid improves detection of focal liver le­
sions and the categorization from LGDN form HGDN 

A B

C D

E

Figure 5  Atypical hepatocellular carcinoma. A and B: There is arterial phase (A) mild hyperenhancement and absence of washout appearance in the portal 
venous phase (B); C and D: In the delayed phase (C), there is a minimum hypointensity of the nodule, suspected for washout. The nodule resulted hyperintense 
in hepatobiliary phase (D); E: The lesion was biopsied and the specimen diagnosis was HCC solid-trabecular; G2, pT3a in non-cirrhotic liver with mild (< 5%) 
macrovescicular steatosis with portal fibrous enlargement and without septae formation.
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and early HCCs lesions, avoiding the liver biopsy, an 
invasive procedure, that should be considered only in 
very few and specific cases. Moreover the identification 
of the borderline nodules from those with progression 
to HCC on the basis of the imaging appearance, related 
to hepatocellular function, is critical for determining the 
better management strategy of these patients and MR 
with Gd-EOB-DTPA can thus play a crucial role for the 
correct and non-invasive of HCC’s management.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is the com
monest chronic liver disease and affects a consider
ab­le proportion of the general population. NAFLD is 
independently associated with increased risk for car
diovascular events, particularly coronary heart disease. 
Importantly, even though NAFLD is more prevalent in 
patients with major cardiovascular risk factors (e.g. , 
type 2 diabetes mellitus, obesity and hypertension), 
the association between NAFLD and cardiovascular dis
ease appears to be independent of these risk factors. 
However, NAFLD also appears to increase the risk for 
ischemic stroke, a leading cause of mortality and lo
ng-term disability worldwide. It also appears that no
nalcoholic steatohepatitis is more strongly related to 
the risk of ischemic stroke than isolated hepatic stea
tosis. Moreover, emerging data suggest that patients 
with NAFLD experience more severe ischemic stroke 
and have more unfavorable prognosis after an acute is
chemic stroke in terms of functional dependency and 
short- and long-term mortality. These associations have 
major public health implications, since ischemic stroke 
is the second leading cause of death worldwide and an 
important cause of long-term disability. The aim of the 
present review is to summarize the current knowledge 
regarding the relationship between NAFLD and ischem
ic stroke incidence, severity and outcome. Given these 
associations, it might be useful to evaluate patients 
with acute ischemic stroke for the presence of NAFLD 
and to manage those with NAFLD more aggressively.

Key words: Nonalcoholic fatty liver disease; Ischemic 
stroke; Risk; Incidence; Severity; Outcome; Functional 
dependency
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fatty liver disease (NAFLD) is independently associated 
with increased risk for ischemic stroke, a leading ca
use of mortality and long-term disability worldwide. 
Moreover, emerging evidence shows that patients with 
NAFLD experience more severe ischemic stroke and ha
ve more unfavorable prognosis after an acute ischemic 
stroke in terms of functional dependency and short- 
and long-term mortality.

Alkagiet S, Papagiannis A, Tziomalos K. Associations between 
nonalcoholic fatty liver disease and ischemic stroke. World J 
Hepatol 2018; 10(7): 474-478  Available from: URL: http://www.
wjgnet.com/1948-5182/full/v10/i7/474.htm  DOI: http://dx.doi.
org/10.4254/wjh.v10.i7.474

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most 
frequent chronic liver disease, affects approximately 
25% of the general population and is the leading cau­
se of abnormal liver function tests[1,2]. Moreover, the 
prevalence of NAFLD is even higher in elderly subjects 
and in patients with type 2 diabetes mellitus (T2DM), 
obesity, hypertension and/or metabolic syndrome[2,3]. 
Nonalcoholic steatohepatitis (NASH), a more advanc­
ed form of NAFLD, is present in up to 10% of adults[4]. 
NAFLD can progress to cirrhosis, hepatocellular cancer 
or liver failure, and is a major cause of liver transplant­
ation[3,5].

Several studies showed that NAFLD is a risk factor 
for cardiovascular disease (CVD)[6,7]. Importantly, ev­
en though NAFLD is more prevalent in patients with 
major cardiovascular risk factors (e.g., T2DM, obesity 
and hypertension), the association between NAFLD and 
CVD appears to be independent of these risk factors 
(Figure 1)[6,7].

In this context, accumulating data suggest that 
NAFLD is also associated with increased incidence of 
ischemic stroke. Moreover, emerging evidence sugge­
sts that NAFLD might also be related with more severe 
stroke and with worse outcome of patients with acute 
ischemic stroke. These associations have major public 
health implications, since ischemic stroke is the second 
leading cause of death worldwide and an important 
cause of long-term disability[8,9]. The aim of the pre­
sent review is to summarize the current knowledge re­
garding the relationship between NAFLD and ischemic 
stroke incidence, severity and outcome.

NAFLD AND INCIDENCE OF ISCHEMIC 
STROKE
Several studies reported that elevated aminotra­
nsferase and g-glutamyltransferase (gGT) levels, 
which are mostly due to NAFLD, are associated with 

increased incidence of ischemic stroke (Table 1). In 
a small case-control study in 103 patients with acute 
ischemic stroke and 200 controls, alanine or aspart­
ate aminotransferase levels were independently asso­
ciated with increased odds ratio for ischemic stroke[10]. 
In a larger prospective study in 6997 men without es­
tablished CVD or T2DM, gGT levels, a more specific 
marker of NAFLD, was independently associated with 
higher risk of ischemic stroke, even in subjects at low- 
or moderate cardiovascular risk[11]. In EUROSTROKE, 
a nested-case control study performed in 3 European 
countries (Finland, Netherlands and United Kingdom), 
the association between gGT levels and ischemic str­
oke risk appeared to be stronger in patients without 
T2DM[12]. Importantly, gGT appears to play a role in 
atherogenesis[13]. Indeed, gGT has been isolated fr­
om atheromatic plaques, macrophages and foam ce­
lls[14] and appears to contribute to atherosclerosis by 
inducing oxidative stress[15]. It was shown than gGT pr­
omotes oxidization of low-density lipoprotein and that 
it plays a crucial role in the catabolism of glutathione 
and the release of reactive oxygen species[16,17]. In a 
recent cross-sectional study, NAFLD diagnosed with 
ultrasonography was associated with increased pr­
evalence of lacunar infarcts in non-obese subjects but 
not in obese patients[18]. In contrast, in another recent 
case-cohort study in 572 patients with incident is­
chemic stroke and 1017 controls, NAFLD defined as 
fatty liver index > 60 was associated with lower risk 
in men but there was no association in women[19]. In 
a meta-analysis of 9 case-control and cohort studies, 
NAFLD was independently associated with 2.3 times 
higher risk for ischemic stroke (95%CI: 1.84-2.93)[20]. 
The strength of this association was comparable in 
Caucasian and Asian patients[20]. Importantly, this as­
sociation was independent of traditional cardiovasc­
ular risk factors, including dyslipidemia, obesity and 
T2DM[20].

It appears that NASH is more strongly related to 
the risk of ischemic stroke than isolated hepatic ste­
atosis. Indeed, in a case-control study in 295 pat­
ients with acute ischemic stroke and 1942 subjects 
who underwent a health check-up, the degree of liver 
fibrosis, evaluated with transient elastography, was 
independently associated with increased stroke risk[21]. 
In contrast, isolated steatosis was not related with the 
risk of stroke[21].

NAFLD AND SEVERITY AND OUTCOME 
OF ISCHEMIC STROKE
There are very few data regarding the impact of NA­
FLD on the severity and outcome of ischemic stroke 
(Table 1). In an early prospective study in 200 patients 
admitted with acute ischemic stroke, NAFLD (defined as 
elevated aminotransferase levels in the absence of oth­
er causes) was present in 42.5% of patients[22]. Patien­
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had more severe stroke at admission and higher risk 
for neurological deterioration during hospitalization, 
independently of other risk factors[23]. In contrast, in a 
prospective study in 415 consecutive patients with acute 
ischemic stroke, stroke severity at admission, functional 
outcome at discharge and in-hospital mortality did not 
differ between patients with NAFLD (defined as elevat­
ed aminotransferase levels without another apparent 
cause) and those without NAFLD after adjustment for 
other cardiovascular risk factors[24]. However, only 32 
patients (7.7% of the study population) had NAFLD[24]. 
Therefore, this study might have lacked the power to 

ts with NAFLD had more severe stroke at admission 
and worse functional outcome at discharge[22]. Howev­
er, patients with NAFLD were more obese, had higher 
prevalence of T2DM and had higher low-density lip–
oprotein cholesterol and triglyceride levels than pa­
tients without NAFLD; these differences were not 
adjusted for in the comparisons of stroke severity and 
outcome between the 2 groups[22]. In a more recent 
retrospective study in 306 patients with brainstem in­
farction, a similar prevalence of NAFLD (defined as el­
evated aminotransferase levels in the absence of other 
causes) was reported (42.5%)[23]. Patients with NAFLD 

Table 1  Major studies that evaluated the association between nonalcoholic fatty liver disease and ischemic stroke

Ref. Design Mean age (yr) Follow-up Outcome

  [7] Prospective observational study in 1637 
healthy Japanese men/women

   47.8    2 yr Higher incidence of CVD including stroke in patients with 
NAFLD compared with controls

[22] Prospective study in 242 patients admitted 
with acute stroke

66    2 yr Increased risk of acute stroke, more severe stroke and worse 
outcome in patients with NAFLD

[11] Prospective study in 6997 men with no 
history of CVD or diabetes mellitus

40-59  24 yr Association between gGT and higher incidence of fatal, major 
stroke events and total CVD mortality

[10] Cross sectional study in adults with 
suspected acute stroke

20-27 Not applicable Elevated ALP and ALT levels independently associated with 
higher risk of acute stroke

[12] Case-control study using data from 3 
European cohort studies in 13177 subjects

40-60 3-8 yr Elevated gGT levels associated with higher risk of stroke

[21] Case-control study in 295 patients with 
acute stroke and 1942 healthy subjects

60 Not applicable Liver fibrosis was associated with higher incidence of ischemic 
stroke

[20] Meta analysis of 9 studies that examined 
relation of NAFLD and stroke

Not reported Not applicable Higher risk of ischemic stroke and hemorrhagic stroke in patients 
with NAFLD

[23] Retrospective study in 306 patients with 
confirmed brainstem infractions

65 Not applicable Higher incidence of brainstem infracts in patients with NAFLD

[24] Study in 415 patients admitted with acute 
ischemic stroke

   78.8 Duration of 
hospitalization

NAFLD was not associated with stroke severity at admission or 
outcome during hospitalization

[19] Case-cohort study in 572 patients with 
stroke and 1017 controls

> 45 5.8 yr Fatty liver index associated with increased risk for ischemic 
stroke in women and with lower risk in women

[20] Cross-sectional study in 1277 subjects 
who underwent brain magnetic resonance 

imaging and abdominal ultrasound 
during check-up

     > 40 yr Not applicable NAFLD diagnosed with ultrasonography was associated with 
increased prevalence of lacunar infarcts in non-obese subjects but 

not in obese patients

CVD: Cardiovascular disease; gGT: G-glutamyltransferase; ALP: Alkaline phosphatase; ALT; Alanine aminotransferase; NAFLD: Nonalcoholic fatty liver 
disease.

Nonalcoholic fatty 
liver disease

Dyslipidemia
Insulin 

resistance
Inflammation

Dysregulation 
of adipokines

Oxidative 
stress

Ischemic stroke

Figure 1  Mechanisms underpinning the association between nonalcoholic fatty liver disease and ischemic stroke (broken line suggests the independent 
association between nonalcoholic fatty liver disease and ischemic stroke).
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identify an association between NAFLD and stroke se­
verity and outcome[24].

CONCLUSION
Accumulating data suggest that NAFLD is independ­
ently associated with increased risk for ischemic st­
roke. Moreover, it appears that patients with NAFLD 
experience more severe stroke and have more adve­
rse functional outcome than patients without NAFLD. 
Therefore, it might be useful to evaluate patients with 
acute ischemic stroke for the presence of NAFLD and 
to manage those with NAFLD more aggressively. It re­
mains to be established whether management of NA­
FLD will also reduce the risk and improve the outcome 
of ischemic stroke.
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Abstract
Liver resection (LR) is now actively applied to intrahep
atic recurrence of liver metastases and hepatocellular 

carcinoma. Although indications of laparoscopic LR 
(LLR) have been expanded, there are increased risks of 
intraoperative complications and conversion in repeat 
LLR. Controversy still exists for the indication. There are 
16 reports of small series to date. These studies generally 
reported that repeat LLR has better short-term outcom
es than open (reduced bleedings, less or similar morbidi
ty and shorter hospital stay) without compromising the 
long-term outcomes. The fact that complete adhesioly
sis can be avoided in repeat LLR is also reported. In the 
comparison of previous procedures, it is reported that the 
operation time for repeat LLR was shorter for the patients 
previously treated with LLR than open. Furthermore, it is 
speculated that LLR for minor repeat LR of cirrhotic liver 
can be minimized the deterioration of liver function by LR. 
However, further experience and evaluation of anatomical 
resection or resections exposing major vessels as repeat 
LLR, especially after previous anatomical resection, are 
needed. There should be a chance to prolong the overall 
survival of the patients by using LLR as a powerful local 
therapy which can be applied repeatedly with minimal 
deterioration of liver function.

Key words: Hepatocellular carcinoma; Laparoscopic 
liver resection; Repeat surgery; Metastasis

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: There are 16 reports of repeat laparoscopic 
liver resection (LLR). They reported that it has better sh
ort-term outcomes than open (reduced bleedings, less 
or similar morbidity and shorter hospital stay). The fact 
that complete adhesiolysis can be avoided in repeat LLR 
is also reported. It is speculated that LLR for minor repe
at LR of cirrhotic liver can be minimized the deterioration 
of liver function by LR. Repeated application of LLR as a 
powerful local therapy, which can be applied repeatedly 
with minimal deterioration of liver function, could impro
ve the overall survival of the patients.
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INTRODUCTION
The neoplastic liver background of hepatocellular car­
cinoma (HCC) with chronic liver disease (CLD) develo­
ps multifocal and metachronous liver tumors repea­
tedly. Also, metastases of various tumors can occur 
repeatedly in the liver. Repeat treatments for HCC and 
metastases, especially of colorectal cancer, are often 
needed. 

Nowadays, liver resection (LR) is often performed 
to such lesions, if they are resectable without other 
uncontrollable/distant disease, and the reports for re­
peat LR has increased[1-4]. Furthermore, indications 
of laparoscopic LR (LLR) are expanding with the accu­
mulation of experiences and technical/instrumental 
developments[5-8]. In LLR, surgeons should overcome 
restricted manipulation, lack of tactile sensation and 
three-dimensional (3D) vision (which is recently partia­
lly resolved by 3D-laparoscope), and disorientation 
from the lack of an overview of operative field, during 
liver mobilization, pedicle control and parenchymal tra­
nsection, which is a trade-off to magnified fine local 
view[9,10]. Postoperative adhesions with the need for 
adhesiolysis are known to increase the operation time 
of subsequent surgeries and the incidence of bowel 
injury[11,12]. Therefore, increased rates of complicatio­
ns and conversion from laparoscopic to open surgery 
had been reported in repeat laparoscopic surgery[13]. 
A previous history of surgery had been among the 
contraindications for laparoscopic surgery. However, 
many laparoscopic procedures with previous surgical 
history, such as cholecystectomy[12,13], appendectomy[14], 
colectomy[15], and gastrectomy[16], can be performed no­
wadays with technical and instrumental improvements. 
On the other, LLR itself remains a demanding procedure 
and the indications of repeat LLR are under discussion. 
Adequate dissection of adhesion and mobilization of the 
involved liver should be performed before repeat LR. 
Adhesion can disrupt the dissection of hilar area and 
hepatoduodenal ligament, which is often crucial in LR. 
The deformity of the liver and surrounding scars and 
adhesion makes the localization of tumors and the imp­
ortant structures (vessels) difficult. The fact that liver 
capsule bleeds easily during adhesiolysis and mobiliza­
tion leads to increase the intraoperative bleeding and 
create a suboptimal operative field[17]. These changes 
after previous surgery can increase the risks of intrao­
perative injury to vascular or biliary structures.

STUDIES OF REPEAT LLR
Only 16 reports of small series were found out under 

Medline-search with the words “repeat” and “laparosc­
opic liver resection” and their re-quotations[18-33] (Table 
1), although they are gradually increasing. Belli et al[20] 
reported that LLR with its magnifies view facilitates mo­
re meticulous dissection of adhesions strained by the 
pneumoperitoneum. An additional possible advantage 
of repeat LLR is reported that complete adhesiolysis 
can be avoided when the adhesion does not affect the 
current operative procedure[24,29]. Generally, these st­
udies reported that repeat LLR has better short-term 
outcomes (similar or longer operation time, reduced 
bleedings, less blood transfusion, less or similar morbi­
dity and shortened hospital stay) with the comparable 
long-term outcomes. Each study concluded that repeat 
LLR is feasible and safe for selected patients, althou­
gh those studies are the mixtures of the patients with 
HCC and metastases. The settings of the patients with 
HCC and metastases are different in LR. The patients 
with metastases sometimes undergo major LR with 
the handling of Glissonian pedicles on the soft liver with 
congestion and/or steatosis. Minor LR on the fibrous 
hard liver with poor functional reserve and surrounding 
collateral vessels is often performed for HCC patients. 
Five studies of repeat LLR, which only include HCC pa­
tients[20,24,26,27,31], reported the outcomes for the series 
of 12, 6, 3, 20 and 8 patients. The conclusions of all 
studies are that repeat LLR for recurrent HCC in CLD 
backgrounds is a safe and feasible procedure. It is me­
ntioned that the adhesiolysis was easier and the ope­
ration time was shorter in repeat LLR for the patients 
with previous LLR compared to open LR[20]. Belli et al[20] 
referred the advantages of LLR for the management 
during the long history with repeat oncogenesis in cirr­
hotic patients. Kanazawa et al[27] mentioned that the 
complication rate and the hospital stay had been decr­
eased in their institute by the introduction of LLR for 
recurrent HCC patients. 

LLR CHARACTERISTICS
It is previously reported that LLR is especially ben­
eficial for severe CLD patients[34]. LLR with minimal 
laparotomy and mobilization can minimize the destruc­
tion of blood and lymphatic collaterals, as well as the 
parenchymal injury by compression. It reduces postop­
erative ascites and liver failure for CLD patients[35]. In 
LR, resection of the liver inside the subphrenic rib cage 
is performed. The cage is opened with a big subcostal 
incision and then the liver is picked up with mobilization 
in open LR. On the other, laparoscope and forceps in­
trude into the cage directly from the caudal direction 
(“Caudal approach”[36-38], Figure 1) and perform LR in 
the small targeted area without damages to the su­
rrounding area in LLR. LLR also facilitates the usage of 
postural change and the gravity for handling organs/
tumors, since the same surgical view under position 
changes can be established by the adjustments of lap­
aroscope’s positioning and rotation. That reduces co­
mpression on the liver during surgery. Our previous 
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ened between the retroperitoneal-fixed posterior secti­
on and the remnant liver falling down to left by gravity. 
Moreover, the resection of segment(s) 7 should be 
performed in the deeper and smaller cranial subphren­
ic space and S6 is an obstacle under the laparoscopic 
caudal view even in the left lateral position. Semi-
prone position with only partial dissection of the ret­
roperitoneum is employed for those resections[39]. 
Our key aim in LLR is to carry out minimal dissection 
around the liver with the intrusion and manipulation of 
laparoscope and forceps to the small target area un­
der postural changes. In the same context, repeat 
LLR requires smaller (than open) working space betw­
een adhesions. Direct approach to the tumor after 

report of the caudal approach posterior sectionectomy 
in the left lateral position[36] posed the novel concept 
of “caudal approach” in LLR. Although the supine to 
semi-lateral positioning had been employed for the 
other resections, the transection plane of posterior se­
ctionectomy was horizontal and gravity obstructs the 
exposure of the plane in the supine position. A clear 
view from the caudal direction and an easy access 
to postural changes is among the advantages of LLR 
(Figure 1). We perform parenchymal transection prior 
to mobilization in the left lateral position for laparosco­
pic posterior sectionectomy. It facilitates exposure of 
the cutting plane during the transection in caudal-to-
cranial one direction. The transection plane is well-op­

Table 1  Summary of previous reports of repeat laparoscopic liver resection

n Disease Previous LR 
(open:lap)

Procedure Bleeding 
(mL)

Operating 
time (min)

Conversion 
(n)

Postoperative 
hospital stay 

(d)

Morbidity Mortality Ref.

12 HCC 4:8
LLS (n = 5), 
Pt (n = 4), 
Seg (n = 3)

297 ± 134 
272.2 ± 120

114.4 ± 11.0 
63.9 ± 13.3

1
7.4 ± 2.5 
6.2 ± 3.0

     26.60% 0% [20]

  2 Met ND ND ND ND ND ND ND ND [21]

  6 HCC
3:3 

(Lap RFA, n = 
2)

LLS (n = 2), 
Pt (n = 4) 283.3 ± 256.3 140.8 ± 35.7 0 5.67 ± 1.63    16.7% 0% [24]

76

Met (n = 63), 
HCC (n = 3), 

others (n = 10)
28:44

LLS (n = 4), 
Pt, seg (n = 

53), above-seg 
(n = 19)

300 (0–5000) 180 (80–570) 8 6 (2–42) 26% 0% [23]

  4
HCC (n = 3), 
Met (n =1)

0:4
LLS (n = 1), Pt 

(n = 3)
481.7 ± 449.5 312.3 ± 158.4 1 10.6 ± 7.4    23.4% 0% [22]

  3 HCC 0:3 ND 281.3 (mean) 264.6 (mean) 0 8.6 (mean) 0% [26]
17 ND ND ND ND ND ND ND ND ND [25]
20 HCC 15:5 Pt 78 (1–1500) 239 (69–658) 2 (HALS) 9 (5–22)   5% 0% [27]

20
HCC (n = 2), 
Met (n = 16), 
others (n = 2)

0:20
Minor (n = 

14), major (n = 
6)

400 
(IQR 150-200 

mL)

285 
(IQR 195-360) 3 4 (1-57) 10% 0% [30]

12
HCC (n = 8), 
Met (n = 2), 

others (n = 2)
8:4

Pt (n = 9), 
Subseg (n = 3) 50 (NC–840) 301 (104–570) 0 12 (9–30)   0% 0% [29]

11 HCC 6:5
LLS = 2 

Subseg = 9
100 (50-500) 200 (131-352) 0 6 (3-17)    18.2% 0% [33]

27 Met ND
Major = 25 
Minor = 2

ND (4 patients 
received 

transfusion)
252.5 (180-300) 1 9 (IQR 8-18)    48.1% 0% [32]

  8 HCC 6:2
Sec = 2 
Seg = 2 

Subseg = 4
200 (30-5000) 343 (120-530) 1 3.5 (3-8)    12.5% 0% [31]

20

HCC (n = 15) 
Met (n = 5)

12:8

Anatomical = 
1 

Non-
anatomical = 

19

159 +/- 256 225 +/- 85 1 14.2 +/- 5.4   0% 0% [19]

33

HCC and 
combined (n = 

18) 
Met (n = 15)

21:12

Anatomical = 
11 

Non-
anatomical = 

22

30 (NC-1012) 217 (43-356) 0 6.5 (3-47)      6.1% 3% [18]

Data are expressed as median (range) or mean ± SD, unless stated otherwise. In the paper from Belli, operation time, bleeding and postoperative hospital 
stay are described separately for patients whose previous hepatectomy was open (upper) or laparoscopic (lower). LLR: Laparoscopic liver resection; LR: 
Liver resection; HCC: Hepatocellular carcinoma; LLS: Left lateral sectorectomy; Met: Metastasis; Minor: Resection of 2 segments or less; Major: Resection of 
3 segments or more; ND: Not documented; Pt: Partial resection; Sec: Sectionectomy; Seg: Segmentectomy; Subseg: Subsegmentectomy; IQR: Interquartile 
range; NC: Not countable.
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minimal adhesiolysis for the space where laparoscope 
and forceps can intrude and do manipulation can be 
allowed especially in repeat small LLR[23,24,29]. That is 
why some studies showed that operation time and 
bleeding amount were similar in primary and repeat 
LLR[18,29]. The operation time and blood loss are usually 
much longer and larger in open repeat than open prim­
ary LR. Operation time and bleeding amount of repeat 
partial resection could be reduced under laparoscopic 
approach.

OUR EXPERIENCES AND FUTURE 
PERSPECTIVES OF REPEAT LLR 
Most reported cases of repeat LLR underwent minor 
resection of HCC with CLD, as mentioned above. The 
impact of alterations from the previous surgery on 
hepatic parenchyma and intrahepatic structure could 
be smaller in such cases. There were three repeat ca­
ses with anatomical resection or resections exposing 
major vessels (including S8 segmentectomy after 

Liver

Glissonian pedicles

IVC IVC

Glissonian pedicles

Liver

LiverGlissonian pedicles

IVC

Liver

Glissonian pedicles

IVC

A B

C D

Figure 1  Schema of open liver resection (A), laparoscopic liver resection (B), position change in laparoscopic liver resection (tilting the bed for head-up 
position, C) and position change in laparoscopic liver resection (rotation from supine to semi-prone position, D). Red arrows indicate the directions of the 
view and manipulation in each approach. A: In the open approach, the subcostal cage containing the liver is opened with a large subcostal incision, and instruments 
are used to lift the costal arch up. The liver is dissected and mobilized (picked up) from the retroperitoneum; B: In the laparoscopic caudal approach, the laparoscope 
and forceps are placed into the subcostal cage from caudal direction, and surgery is performed with minimal alteration and destruction of the associated structures; C 
and D: In the laparoscopic approach, the same surgical view under position changes (tilting the bed and rotation of the patient’s body), acquired by the adjustments of 
laparoscope’s positioning and rotation, allows for handling large-volume liver/tumor by postural changes.

Table 2  The summary of present status and future perspectives of repeat laparoscopic liver resection

Present status

   There are 16 reports of small series. Controversy still exists in the indication of repeat LLR
   These studies generally reported that it has better short-term outcomes without compromising the long-term outcomes (similar or longer operation 
time, reduces bleedings, reduced blood transfusion rate, less or similar morbidity and shorter hospital stay) 
   It facilitates more meticulous dissection of adhesions strained by the pneumoperitoneum using magnified laparoscopic view
   Complete adhesiolysis can be avoided when the adhesion does not affect the current operative procedure
   Operation time was shorter and the adhesiolysis was easier for the patients previously treated with LLR than open LR
   It requires smaller (than open) working space between adhesions (this fact allows for minimal adhesiolysis, and operation time and bleeding amount 
were similar in primary and repeat LLR, although those from open LR are longer and increased)
Future perspectives
   Further evaluations of anatomical resection or resections exposing major vessels after previous anatomical resection are needed
   One of the possible advantages for minor repeat LR of CLD liver is that the deterioration of liver function can be minimized
   It could prolong the overall survival of the HCC patients with CLD as a powerful local therapy which can be applied repeatedly with minimal 
deterioration of liver function

LLR: Laparoscopic liver resection; LR: Liver resection; HCC: Hepatocellular carcinoma; CLD: Chronic liver disease.
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4-times LLR[40]) after previous anatomical resection 
who developed bile leakage and > 30 d hospital stay, 
among our 33 repeat and 12 three or more-time re­
peat LLR cases. Anatomical alterations surrounded by 
the scars and adhesions on major vessel structures 
could have big impacts on subsequent anatomical 
resection or resections exposing major vessels, exp­
eriences and evaluations of such setting of repeat LLR 
are required for the settlement (Table 2).
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Abstract
Transcatheter arterial chemoembolization (TACE) is 
widely accepted as a treatment for patients with hep
atocellular carcinoma (HCC) in the intermediate stage 
according to the Barcelona Clinic Liver Cancer (BCLC) 
guidelines. Recently, balloon-occluded TACE (B-TACE) 
was developed in Japan. Despite the lack of a clear 
definition, B-TACE is generally defined as the infusion 
of emulsion of chemotherapeutic agents with lipiodol 
followed by gelatin particles under the occlusion of fee
ding arteries by a microballoon catheter, which leads to 
the dense lipiodol emulsion (LE) accumulation in HCC 
nodules. This phenomenon cannot be explained only 
by the prevention of proximal migration and leakage 
of embolization materials; it further involves causing 
local changes in the hemodynamics of the surrounding 
occlusion artery and targeted HCC nodules. Balloon-oc
cluded arterial stump pressure plays an important role 
in the dense LE accumulation in targeted HCC nodules. 
Although randomized controlled trials comparing the th
erapeutic effect and the prognosis of B-TACE to those of 
the other TACE procedures, such as conventional-TACE 
and drug-eluting beads TACE, are still lacking, B-TACE 
is thought to be a promising treatment. The purpose of 
this review is to summarize the mechanism, therapeut
ic effect, indication, prognosis and complications of B-
TACE. 

Key words: Hepatocellular carcinoma; Treatment effect; 
Transcatheter arterial chemoembolization; Prognosis; 
Balloon-occluded arterial stump pressure; Dense lipiodol 
emulsion accumulation; Balloon-occluded transcatheter 
arterial chemoembolization; Microballoon catheter
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Core tip: Balloon-occluded transcatheter arterial ch
emoembolization (B-TACE) was recently developed in 
Japan. Despite the lack of a clear definition, B-TACE is 
generally defined as the infusion of emulsion of chem
otherapeutic agents with lipiodol followed by gelatin 
particles under the occlusion of feeding arteries by a mi
croballoon catheter. Although randomized controlled tr
ials comparing the therapeutic effect and the prognosis 
of B-TACE to those of the other TACE procedures are 
still lacking, B-TACE is thought to be a promising trea
tment. The purpose of this review is to summarize the 
mechanism, therapeutic effect, indication, prognosis and 
complications of B-TACE.

Hatanaka T, Arai H, Kakizaki S. Balloon-occluded transcatheter 
arterial chemoembolization for hepatocellular carcinoma. World J 
Hepatol 2018; 10(7): 485-495  Available from: URL: http://www.
wjgnet.com/1948-5182/full/v10/i7/485.htm  DOI: http://dx.doi.
org/10.4254/wjh.v10.i7.485

INTRODUCTION
Liver cancer ranks sixth as the common malignant 
neoplasm and second as the cause of death worldwi­
de[1], and hepatocellular carcinoma (HCC) is the most 
common type of malignant liver tumors[2]. According to 
the Barcelona Clinic Liver Cancer (BCLC) guidelines, 
transcatheter arterial chemoembolization (TACE) is 
an established treatment for patients with HCC in the 
intermediate stage[3]. The median survival of untreated 
patients at the intermediate stage, who present with 
multinodular without vascular invasion or extrahepatic 
metastasis, performance status 0 and Child-Pugh cla­
ss A or B, is reported to be 16 mo[4,5], and TACE prolon­
gs their overall survival compared to that of a control 
group[6,7].

TACE is performed through the injection of single 
or multiple chemotherapeutic agents after the cathe­
terization of tumor-feeding arteries, followed by the 
embolization of the same vessels in order to gain a 
synergistic effect of cytotoxicity and ischemia[3,8]. Co­
nventional-TACE (C-TACE) is defined as the injection of 
a mixture of anticancer agents with lipiodol followed by 
embolic materials, such as gelatin particles, calibrated 
microspheres or polyvinyl alcohol, and drug-eluting 
beads TACE (DEB-TACE) is defined as the infusion of 
microspheres onto which chemotherapeutic agents is 
loaded or adsorbed to achieve a sustained in vivo drug 
release[8,9]. 

Recently, balloon-occluded TACE (B-TACE), which 
was first reported by Irie et al[10], has been developed 
in Japan. Although it is not mentioned in several gui­
delines[3,11,12] and its clear definition has not been est­
ablished, it is generally defined as the infusion of emu

lsion of chemotherapeutic agents with lipiodol followed 
by gelatin particles under the occlusion of feeding 
arteries by a microballoon catheter. The occlusion of the 
feeding arteries result in the dense lipiodol emulsion (LE) 
accumulation in targeted nodules[10]. The therapeutic ef­
fect of B-TACE was better than that of C-TACE according 
to several previous reports[13-15], although those were 
retrospective and small in scale. In addition, randomi
zed controlled trials (RCTs) comparing the therapeutic 
effect and the prognosis of B-TACE to those of other 
TACE procedures are still lacking. 

Table 1 depicts the key findings of the therapeutic 
effect and overall survival of B-TACE. With this potential 
limitation in mind, in the present review, we describe 
the current understanding of the mechanism, therapeu­
tic effect, indication, overall survival and complications 
of B-TACE. 

BALLOON-OCCLUDED TACE PROCEDURE
Microballoon catheters
A 3-Fr microballoon catheter was used in the study rep­
orted by Irie et al[10]. However, it is sometimes difficult 
to advance a microballoon catheter into the targeted 
tumor-feeding arteries selectively[16]. Moreover, a 5- or 
6-Fr guiding catheter was required when we used a 
3-Fr microballoon catheter for B-TACE, which is more 
invasive than C-TACE[16]. Microballoon catheters have 
improved in recent years, and a 1.8-Fr microballoon cat­
heter (Logos, Piolax, Kanagawa, Japan; or Attendant, 
Terumo Clinical Supply, Tokyo, Japan) is now available, 
enabling us to insert the catheter more selectively and 
more peripherally[16]. We are able to coaxially advanc­
ed these microballoon catheters through a typical 4-Fr 
parent catheter[16]. The proximal side consists of two 
ports in these microballoon catheters: the microballoon 
lumen and the microguidewire lumen, the diameter of 
which is 0.017-0.018 inches[16]. 

B-TACE procedure
Although a clear definition of B-TACE has not been est
ablished and several details concerning the procedure 
vary markedly among institutions, we will attempt to 
briefly describe the main points of B-TACE. 

The right femoral artery is punctured under local 
anesthesia. A 4- or 5-Fr parent catheter is then plac­
ed in the celiac artery (CeA) or superior mesenteric 
artery (SMA), and angiography is carried out to assess 
the anatomy of the hepatic artery, tumor stains, the 
feeding arteries and arteriovenous shunting. In some 
institutions, cone-beam computed tomography (CBCT) 
and angiography-assisted computed tomography (CT) 
is performed to diagnose the HCC and evaluate the 
tumor-feeding arteries. A microballoon catheter is inser­
ted into the tumor-feeding arteries over the guidewire 
as selectively as possible. When the selective insertion 
of the microballoon catheter into the targeted arteries 
is difficult, such as in patients with tortuous anatomies 
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1-2 mL of lipiodol (5-10 mg/mL); 10 mg of doxorubicin 
hydrochloride and 2 mg of mitomycin C with 5-10 ml of 
lipiodol (5-10 mg/mL and 1-2 mg/mL, respectively)[10,15]. 
Digital angiography is sometimes useful for checking 
for the flow of LE droplets outside the target areas. LE 
is infused until sufficient filling of the targeted nodule, 
overflow into the intrahepatic collateral arteries or the 
presence of portal vein visualization is observed. The 
fragmented gelatin sponge slurry is then injected into 

of the CeA or SMA, using a microballoon catheter as 
an anchor might be useful for achieving deep cannulati­
on with the parent catheter[17]. The tumor-feeding 
artery is then occluded, and the emulsion of lipiodol 
and anticancer drugs is infused under radiographic gu­
idance. The proportion of lipiodol to anticancer drugs 
was as follow: 70 mg of Miriplatin[18,19], which is most 
commonly used in B-TACE, was suspended with 3.5 
mL of lipiodol (20 mg/mL); 10 mg of epirubicin[20] with 

Table 1  Summary of retrospective studies of therapeutic effect and overall survival of balloon-occluded transcatheter arterial 
chemoembolization for hepatocellular carcinoma

Ref. Year No. of 
patients

Antitumor agent and embolic 
materials

Therapeutic effect Overall survival Commentary

Hatanaka et al[43] 2018 66 Miriplatin-lipiodol 
suspension + gelatin particle

CR 53.0%, PR 10.6%, SD 
19.7%, PD 16.7%, RR 

63.6%

The 1-, 2-, and 
3-yr survival 

rates were 
76.8%, 57.3%, 

and 46.7%, 
respectively 

The number of tumors and 
α-fetoprotein level were predictive 

factors for the tumor response 
and serum albumin and overall 

response (CR + PR) were predictive 
factors for prognosis

Kawamura et al[40] 2017 30 Miriplatin-lipiodol 
suspension + gelatin particle

TE4 51.0%, TE3 8.5%, 
TE2 19.1%, TE1 21.3%, 

RR 59.6%

NA  The presence of portal vein 
visualization, tumor on the 

subcapsular portion, and successful 
subsegmental artery embolization 

were predictive factors for the 
tumor response

Maruyama et al[20] 2016 50 Epirubicin-lipiodol 
suspension + gelatin particle

There was no 
statistically significant 
difference between the 
B-TACE group and the 

C-TACE group

NA

Irie et al[15] 2016 28 Doxorubicin, mytomysin-
lipiodol suspension + gelatin 

particle

TE4 89.3%, TE3 10.7%, 
TE2 0%, TE1 0%, 

RR 100%. The local 
recurrence rates at 1, 3, 
and 5 yr were 92.4%, 

69.9%, and 69.9%, 
respectively

The 1-, 3-, and 
5-yr survival 

rates were 
96.4%, 60.3% 
and 31.1%, 

respectively

B-TACE was an independent factor 
for improving both the control 

rate of the primary nodule and the 
overall survival rates

Asayama et al[32] 2016 29 Miriplatin-lipiodol 
suspension + gelatin particle

TE4 8.6%, TE3 48.6%, 
TE2 17.1%, TE1 25.7%, 

RR 57.1%

NA

Ogawa et al[14] 2015 33 Miriplatin-lipiodol 
suspension + gelatin particle

TE4 49.2% NA The percentage of TE4 in B-TACE 
was significantly higher than that in 

the C-TACE
Minami et al[41] 2015 27 Miriplatin-lipiodol 

suspension + gelatin particle 
(epirubicin was used in 3 

patients)

Countable HCC (n = 17): 
TE4 43.8%, TE3 12.5%, 
TE2 37.5%, TE1 6.3%, 

RR 56.3%, Uncountable 
HCC (n = 10): CR 0%, 

PR 0%, SD 10%, PD 90%

NA

Arai et al[13] 2014 49 Miriplatin-lipiodol 
suspension + gelatin particle

TE4 55.1%, TE3 38.8%, 
TE2 4.1%, TE1 2.0%, RR 

93.9%

NA

Ishikawa et al[44] 2014 51 Miriplatin-lipiodol 
suspension + gelatin particle

The local recurrence 
rates at 6, 12 mo 

were 11.1 %, 26.2%, 
respectively. The medan 

recurrence time was 9 
mo

NA The CT value just after B-TACE was 
a predictive factor for the tumor 

response

According to Response Evaluation Criteria in Cancer of the Liver (RECICL), the treatment effect (TE) was defined as follows: TE4, tumor necrosis of 100% 
or 100% reduction; TE3, tumor necrosis of 50%-100% or 50%-100% reduction in tumor size; TE1, tumor enlargement of > 50% regardless of necrosis; TE2, 
effect other than TE3 or TE1. B-TACE: Balloon-occluded transcatheter arterial chemoembolization; CR: Complete response; PR: Partial response; SD: Stable 
disease; PD: Progressive disease; RR: Response rate; NA: Not available; C-TACE: Conventional transcatheter arterial chemoembolization; CT: Computed 
tomography.
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the blood vessels until the distal vessel is embolized. 
We describe a typical B-TACE procedure in Figures 1-3.

MECHANISM OF B-TACE
Irie et al[10] reported that they found dense lipiodol em­
ulsion (LE) accumulation in HCC nodules when they us­
ed a 3-Fr microballoon catheter in selective TACE with 
occlusion of feeding arteries. Denser LE accumulation 
in targeted HCC nodules means more accumulation of 
anticancer drugs, leading to more therapeutic effect[21,22]. 
Therefore, revealing this mechanism is important for he­
patologists and interventional radiologists in daily clinical 
practice. 

Relationship between the balloon-occluded arterial 
stump pressure and the dense LE accumulation
The dense LE accumulation caused by the occlusion 
of feeding arteries cannot be explained only by the 
prevention of proximal migration and leakage of em­

bolization materials; it also involves causing local cha­
nges in the hemodynamics of the surrounding occlusion 
artery and targeted tumors. Irie et al[10] reported that 
the pulsatile movement of LE droplets was observed 
after the inflation of the tip of a balloon catheter, with 
the peripheral arterial blood flow unable to be stopped. 
Because stasis of an LE droplet was observed even at 
the tip of the microballoon catheter, the authors spec­
ulated that the distal arterial blood flow did not come 
from leakage though the space between the balloon 
and the occluded artery. The intrahepatic collateral 
arteries, such as the peribiliary plexus[23], interlobar 
communicating arcade[24] and isolated artery[25], were 
considered to help maintain the distal arterial blood fl
ow, based on the observation of anastomotic vessels 
with collateral arteries on digital subtraction angiograp­
hy (DSA) under occlusion[10]. Consequently, the BOASP 
is reduced compared to the mean arterial pressure 
without balloon occlusion and more decreased BOASP 
allows the injection of LE under higher pressure. He 

A B C

Figure 1  A 71-year-old female patient with hepatitis-C related hepatocellular carcinoma 45 mm in diameter underwent balloon-occluded transcatheter 
arterial chemoembolization. A: A 3-Fr microballoon catheter was inserted into a tumor-feeding artery. After achieving occlusion with the microballoon catheter (yellow 
arrowhead), emulsion of lipiodol and miriplatin was infused until the cancer nodule (white arrowhead) was sufficiently filled. Fragmented gelatin sponge slurry was 
then injected; B: Just after B-TACE, computed tomography (CT) showed a dense lipiodol emulsion (LE) accumulation in HCC nodules (red arrowhead); C: Four years 
after B-TACE, CT showed that the volume of the LE accumulation was reduced (black arrowhead) with no local recurrence. HCC: Hepatocellular carcinoma; B-TACE: 
Balloon-occluded transcatheter arterial chemoembolization.

Figure 2  A 75-year-old man with hepatitis-B related hepatocellular carcinoma. A: Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced 
magnetic resonance imaging (EOB-MRI) showed that HCC was slightly enhanced in the arterial phase (white arrowhead); B: While angiography did not 
show the tumor stain obviously, we injected the lipiodol emulsion (LE) and fragmented gelatin sponge slurry from tumor-feeding artery under occlusion with 
microballoon inflation; C: A favorable LE accumulation (black arrowhead) was seen on computed tomography one day after balloon-occluded transcatheter arterial 
chemoembolization. HCC: Hepatocellular carcinoma.

A B C
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also demonstrated that BOASP is responsible for the 
dense LE accumulation and the BOASP ≥ 64 mmHg is 
predictive for the presence of thick collateral arteries 
and less dense LE accumulation[10]. 

Matsumoto et al[26] reported that they used a 1.8-Fr 
microballoon catheter and measured the BOASP at ea­
ch lobar, segmental and subsegmental arteries before 
B-TACE treatment. He showed that the BOASP ≥ 64 
mmHg was founded at A1, A4, A8, anterior segment ar­
tery, right hepatic artery (RHA) and left hepatic artery 
(LHA) whereas the BOASP ≥ 64 mmHg was never seen 
at the other segmental and subsegmental arteries and 
the BOASP was independent of the size and number 
of tumors[26]. He presumed that this result was affected 
by the presence of intrahepatic collateral arteries, es­
pecially the communicating arcade in the hilum which 
is a relatively thick anastomosis between the right and 
left hepatic arteries and originates mainly from A4 
and from anterior segment artery or the right hepatic 
artery[24,26]. BOASP ≥ 64 mmHg at A1 artery could be 
explained by the studies reported by Miyayama et 
al[27,28] in which the right branch of the communicating 
artery in the hilum might have been A1[26]. So, B-TACE 
treatment in A1, A4, A8, anterior segment artery, RHA 
and LHA possibly caused less dense LE accumulation in 
targeted HCC nodules[26]. However, this study is small 
sample size in measured hepatic arteries and lack of the 

statistical analysis. A large number of validation studies 
are needed. 

Kakuta et al[29] examined the changes in the stump 
pressure with and without balloon occlusion as well as 
after B-TACE treatment. The mean blood pressure at the 
targeted occluded artery was 97 mmHg before balloon 
occlusion and decreased to 49.1 mmHg immediately af­
ter balloon occlusion, with a statistically significance[29]. 
Five minutes after balloon occlusion, the mean blood 
pressure was 50.4 mmHg, and the maintenance of a 
decreased blood pressure was observed[29]. After the 
injection of LE and gelatin sponge particles, the mean 
blood pressure increased to 70.6 mmHg, which was si­
gnificantly higher than that immediately after balloon 
occlusion (P < 0.001)[29]. The mean arterial blood pr­
essure without balloon occlusion after B-TACE was not si­
gnificantly different from that without balloon occlusion 
before B-TACE (P = 0.9107)[29]. Although no significant 
differences were observed among the stump pressu­
res at the first-, second- and third-order branches, the 
proportion of stump pressure < 64 mmHg at third-
order branches tended to be higher than that at first- 
or second-order branches[29]. Advancing a microballoon 
catheter to a more peripheral artery appeared to cau­
se the stump pressure to decrease more[29]. A further 
investigation is needed to determine whether or not the 
occlusion of a more distal artery results in a more de­

Figure 3  A 74-year-old woman with hepatitis-C related multiple hepatocellular carcinoma. A: Contrast-enhanced computed tomography (CT) showed 
that multiple HCC nodules were observed, aggregated at segment 8 (white arrowhead); B: Computed tomography showed that the dense lipiodol emulsion (LE) 
accumulations (red arrowhead) were observed just after balloon-occluded transcatheter arterial chemoembolization (B-TACE) for multiple HCC; C: We carried 
out additional B-TACE because local recurrence was detected on follow-up CT. Favorable LE accumulations were observed just after additional B-TACE (yellow 
arrowhead); D: Three month after additional B-TACE, local recurrence was not observed, and the LE accumulations were shrinking (black arrowhead). HCC: 
Hepatocellular carcinoma.

A B

C D
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creased BOASP.
Although these previous studies[10,26,29] have provid­

ed only preliminary and limited data, the findings indica
te that the BOASP plays an important role in the dense 
LE accumulation in targeted HCC nodules. Further st­
udies regarding whether or not the BOSAP can predict 
the long-term therapeutic effect should be conducted.

Hemodynamic changes assessed by CBCT and angio-
assisted CT
Three reports[30-32] have explored the hemodynamic ch­
anges assessed by balloon occlusion using CBCT and 
angiography-assisted CT. Ishikawa et al[30] reported that 
the CBCT pixel values of tumor enhancement increased 
after balloon occlusion in 37 of the 52 nodules, whereas 
it decreased in the remaining 15 nodules. Yoshimatsu 
et al[31] showed that the degree of tumor enhanceme­
nt on selective CT during hepatic angiography (CTHA) 
increased after balloon occlusion in 3 of the 27 nodules, 
while it decreased in 11 nodules. Asayama et al[32] also 
reported that 15 of the 35 nodules showed decreased 
enhancement or perfusion defects on CTHA with balloon 
occlusion. While the percentage of decreased tumor 
enhancement varied markedly among those studies, 
it remained a negative predictive factor for a dense 
LE accumulation[30,31] and short-term therapeutic eff­
ect[32]. It can be presumed that the blood flow from the 
occluded artery reduced and the blood flow from the 
collateral arteries relatively increased[31,32]. In relation 
to this, a discrepancy was noted between the tumor 
enhancement on selective CTHA with balloon occlusion 
and a dense LE accumulation after B-TACE, which was 
higher than the tumor enhancement grade[31]. Although 
CBCT[33-35] and CTHA[36,37] are well known to be useful tools 
for identifying the tumor-feeding arteries, evaluating the 
embolized area and avoiding nontargeted embolizati­
on, the same findings were reported in selective C-
TACE[38]. A validation study will be needed to confirm 
whether or not a decreased tumor enhancement after 
balloon occlusion can predict the short- and long-term 
therapeutic effects. 

With regard to the analysis of CT findings during ar
terial portography (CTAP), the reduction in size of the 
tumorous portal perfusion defects on CTAP with ballo­
on occlusion was observed in 90% (18/20) of nodules. 
Its mean size significantly decreased from 21.9 to 
19.1 mm in diameter (P = 0.0001). No decrease in 
the tumorous portal perfusion defect area significantly 
influenced the poor dense LE accumulation in the tu­
mor[31]. The authors speculated that the decrease in 
the BOASP enabled the pressure gradient from the 
hepatic artery to the portal vein to also decrease, thus 
resulting in a relative increase in the blood flow from the 
portal vein in the surrounding tumor[31]. In other words, 
no change in the size of the tumorous portal perfusion 
defect may indicate no decrease in the BOASP[31]. To fa­
cilitate our understanding of the mechanism of B-TACE, 

we summarize the main findings mentioned above and 
present them in a schematic illustration in Figure 4.

THERAPEUTIC EFFECT OF B-TACE
Short-term therapeutic effect and local recurrence rate
In many previous studies, the short-term therapeutic 
effect of B-TACE was evaluated mainly by the Respo­
nse Evaluation Criteria in Cancer of the Liver (RECICL) 
proposed by the Liver Cancer Study Group of Japan[39]. 
The treatment effect (TE) was determined by the ra­
diological findings 1-3 mo after B-TACE treatment and 
defined as follows: TE4, tumor necrosis of 100% or 
100% reduction; TE3, tumor necrosis of 50%-100% or 
50%-100% reduction in tumor size; TE1, tumor enlar­
gement of > 50% regardless of necrosis; TE2, effect 
other than TE3 or TE1[39]. According to previous repo­
rts[13,15,32,40,41], the rate of TE4 of targeted HCC nodules 
treated with B-TACE was 8.6%-89.3%, and that of TE3 
was 8.5%-48.6%, with a response rate of 56.3%-100%. 

Kawamura et al[40] showed that the presence of po­
rtal vein visualization during treatment was associated 
with an objective response, which is consistent with 
findings of the study reported by Miyayama et al[42]. 
However, the evaluation of the therapeutic effect of 
B-TACE in these studies[13,15,32,40,41] was limited to only 
targeted lesions and did not include the appearance of 
new lesions. According to a study[43] evaluated based on 
the overall response, including target lesions, non-targ­
et lesions and the appearance of new lesion, 35 patients 
(53.0%) experienced complete response (CR), 7 patie­
nts (10.6%) partial response (PR), 13 patients (19.7%) 
stable disease, and 11 patients (16.7%) progressive di­
sease. The rate of a response rate and a disease control 
rate were 63.6% and 83.3%, respectively. Furthermore, 
a multivariate analysis showed that a solitary tumor and 
serum α-fetoprotein level were significantly relevant to 
the tumor response[43].

Regarding the analysis of the local recurrence rate, 
Ishikawa et al[44] showed that the median recurrence 
time and the local recurrence rate at 6 mo and 12 mo 
were 9 mo and 11.1% and 26.2%. The authors further 
revealed that only the CT value just after B-TACE was 
significantly relevant to local recurrence in a multivaria
te analysis[44]. CBCT was also deemed useful as a sub­
stitute for conventional CT to evaluate the degree of 
dense LE accumulation quantitatively in targeted HCC 
nodules[45]. Irie et al[15] also showed that the control 
rates of primary nodule treated by B-TACE at 1, 3 and 
5 years were 92.4%, 69.9% and 69.9%, respectively. 
However, these were retrospective studies, and the nu­
mber of nodules per patient was small (many patients 
had solitary nodules). The results should therefore be 
interpreted with caution when extrapolating to HCC pa­
tients with more nodules. A summary of the previous 
studies is shown in Table 1. A prospective validation st­
udy is warranted.
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Suitable anticancer agents
The anticancer agents that have been used in B-TACE 
are as follows: Miriplatin[13,14,31,32,40,41,44], which was the 
most commonly used; cisplatin[29,31]; epirubicin[20] and a 
mixture of doxorubicin hydrochloride and mitomycin[10,15]. 
Miriplatin, which is a lipophilic platinum complex[18,19], 
has been used in C-TACE[46]. A retrospective study[47] 
showed that the local recurrence rate was significant
ly higher after superselective TACE with miriplatin than 
with epirubucin and mitomycin. This may be attributed 
to its high viscosity, and warmed miriplatin may reduce 
its viscosity, possibly overcoming its disadvantages and 
increasing its therapeutic effect[48,49]. Therefore, B-TACE 
with warmed miriplatin may exert a better therapeutic 
effect than that with miriplatin at room temperature. In 
this connection, arterial vascular damage is less severe 
in patients treated with miriplatin than in those trea­
ted with epirubicin[50]. Although no RCT has compared 
antitumor agents, miriplatin might be suitable as an 
anticancer agent in B-TACE. Further studies should be 
conducted. 

Comparing the effectiveness of B-TACE and C-TACE
Reliable data on the comparative efficacy between 

B-TACE and C-TACE are still lacking, with only four ret­
rospective studies reported. Arai et al[13] reported that 
the targeted therapeutic effect of B-TACE with miriplat­
in was better than that of C-TACE, and the mean total 
dose of miriplatin in B-TACE was higher than that of 
C-TACE. They presumed that inflating the microballoon 
catheter decreased the arterial pressure proximal of 
the tip of the catheter and blocked the backflow of 
miriplatin, resulting in a higher total dose of miriplatin 
and a better therapeutic effect on targeted nodules 
than with C-TACE. Ogawa et al[14] also reported that 
TE4 was observed in 29 patients (49.2%) treated with 
B-TACE and in 10 patients (27%) treated with C-TACE, 
indicating that local efficacy of B-TACE was significan
tly better than that of C-TACE. Irie et al[15] reported 
that the short-term treatment effect based on RECICL 
criteria was significantly better in B-TACE group than 
that in the C-TACE group, and the tumor control rates 
of the targeted nodule were significantly improved in 
the B-TACE group compared to C-TACE group. However, 
Maruyama et al[20] reported that the local control ra­
te in B-TACE group were not significantly better than 
in the C-TACE group. The major cause of this was the 
lack of a significant difference between the two groups 

Figure 4  A schematic illustration of the balloon-occluded transcatheter arterial chemoembolization procedure. A: A microballoon catheter is inserted into the 
tumor-feeding artery and inflated to occlude it. If the distal arterial blood flow cannot be stopped, the intrahepatic collateral arteries (ICAs) may be maintaining the 
distal arterial blood flow; B: When the ICAs are thin, the balloon-occluded arterial stump pressure (BOASP) is remarkably reduced compared to the arterial pressure 
without balloon occlusion. In this situation, we might observe increased tumor enhancement on selective computed tomography during hepatic angiography (CTHA) 
after balloon occlusion. A remarkable reduction in the BOASP is thought to allow us to inject the lipiodol emulsion (LE) under higher pressure, leading to the denser 
LE accumulation in targeted tumors. The BOASP after the injection of LE and gelatin particles is significantly higher than that before treatment; C and D: When the 
ICAs are thick, the BOASP is expected to be mildly reduced or unchanged because of the adequate blood flow from a thick ICA. In this situation, we might observe 
decreased tumor enhancement on CTHA after balloon occlusion. We would probably inject the LE under lower pressure in such a situation, thereby achieving a less-
dense LE accumulation.
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in the analysis of the LE ratio. The LE ratio, which was 
calculated as the ratio of the LE concentration in the 
targeted tumor to that in the surrounding embolized 
non-cancerous area, was considered to be an indicat­
or of the selectivity of the LE accumulation in HCC[10]. 
Alternatively, this finding may have been observed 
because most patients received B-TACE treatment at 
the lobar or segmental level, resulting in a less-marked 
decrease in the BOASP and therefore a less-marked th­
erapeutic effect[26]. More large-scale prospective studies 
are warranted. 

INDICATIONS OF B-TACE
Since no definitive indications of B-TACE have been es
tablished to date, we explored potential factors and 
conditions supporting the performance of B-TACE. Su­
mmarizing the findings of the previous studies menti
oned above, the following factors and conditions are known 
to be related to a dense LE accumulation in targeted 
HCC nodules and the therapeutic effect of B-TACE: a 
BOASP ≥ 64 mmHg[10]; microballoon occlusion at A1, 
A4, A8, anterior segment artery, RHA or LHA[26]; decr­
eased tumor enhancement on CBCT and CTHA[30-32]; 
no decrease in the tumorous portal perfusion defect on 
CTAP[31]; tumor location on the subcapsular portion[40]; 
successful subsegmental feeding artery embolization[40]; 
the presence of portal vein visualization[40]; a high CT 
value just after B-TACE[44]; solitary tumor[43] and a low 
serum α-fetoprotein level[43]. Based on studies[13-15] sh­
owing that patients with fewer tumor nodules experi­
enced a better therapeutic effect with B-TACE than with 
C-TACE, B-TACE might be a better indication than C-TACE 
in patients with fewer tumor nodules. Prospective va­
lidation studies are needed to clarify the indications of 
B-TACE.

The contraindications of B-TACE were thought to be 
almost the same as those for C-TACE treatment: Child-
Pugh class C, no tumor thrombosis in the first branch 
or main portal vein, extrahepatic metastasis, refractory 
ascites, hepatic encephalopathy, presence of high-flow 
arterioportal or arteriovenous shunts, and allergy to co­
ntrast medium.

OVERALL SURVIVAL OF B-TACE
Hatanaka et al[43] reported that the survival rates at 1, 
3 and 5 years in patients after B-TACE were 76.8%, 
57.3% and 46.7%, respectively, and the median sur­
vival time was 902 d. They also revealed that a serum 
albumin level ≥ 3.4 g/dL and an overall response of 
CR+PR were favorable prognostic factors in a multiv­
ariate analysis[43]. Serum albumin is one of the most 
well-known prognostic factors for patients with HCC and 
has been adopted and integrated into several staging 
systems, including the BCLC staging system[3], Cancer 
of the Liver Italian Program (CLIP) score[51] and Japan 
Integrated Staging score (JIS score)[52]. According to 
previous studies of TACE[53,54], the overall response has 

been reported to be an independent factor affecting 
for the survival of HCC patients. Although the findings 
reported by Hatanaka et al[43] were consistent with th­
ose of previous studies[53,54], the results were based on 
a single-arm and single-institution study. Additional vali­
dation studies are therefore warranted.

One problem that remains to be solved is whether 
or not B-TACE improves the overall survival compared 
to other TACE treatments. Unfortunately, no RCTs have 
compared B-TACE with other TACE treatments, such as 
C-TACE and DEB-TACE, and only one historical control 
study[15] with patients who had solitary or two nodules 
has been reported. However, while it was small in scale, 
that study found that B-TACE was a significant factor 
predicting for the overall survival in a multivariate an­
alysis[15]. A large-scale prospective study is therefore 
warranted.

COMPLICATIONS OF B-TACE
According to previous reports[13,20,43,44] evaluated by the 
Common Terminology Criteria for Adverse Effects (CT–
CAE), all grades of fever were reported as complicatio­
ns in 44.2%-68% of cases, nausea in 16.3%-28%, ab­
dominal pain in 14%-36.7%, ascites in 12.2%-15.2%, 
elevated total bilirubin in 34%-62.2%, elevated alanine 
aminotransferase (ALT) in 78.8%-96%, elevated serum 
creatine in 8.1%-9.1%, leukocytopenia in 53.1%-59%, 
thrombocytopenia in 71.3%-87.7%, anorexia in 31.3% 
and vagovagal reflex in 12%, while a grade 3/4 fever was 
reported as a complication in 0%-6% of cases, elevated 
total bilirubin in 0%-6.1%, elevated ALT in 9.1%-18%, 
leukocytopenia in 0%-12.1% and thrombocytopenia 
in 7.6%-12.2%. In an analysis comparing the adverse 
events of B-TACE with those of C-TACE, the rate of in­
creased levels of ALT was significantly higher in the B-
TACE group, with no significant differences in the clinic
al symptoms or other laboratory data between the two 
groups[13,20]. 

Hatanaka et al[43] reported no mortalities, but the 
development of biloma requiring percutaneous trans­
hepatic biliary drainage after B-TACE was observed 
in 1 patient (1.5%) who had intrahepatic dilation on 
preoperative CT. Maruyama et al[20] reported that liver 
abscess was observed in 3 patients (6%), and liver inf­
arction was observed in 1 patient (2%), with bile duct 
dilation indicated as a significant predictive factor in a 
multivariate analysis. Careful consideration must be giv­
en to perform the B-TACE for the patients with bile duct 
dilation[43]. Large-scale validation studies are therefore 
needed to confirm these findings.

CONCLUSION
B-TACE represents a feasible and promising therapy for 
the treatment of HCC patients, especially those with few 
nodules. Although no definitive indication of B-TACE in 
the common clinical practice has yet been established, 
leaving the decision to perform this procedure up to 

July 27, 2018|Volume 10|Issue 7|

Hatanaka T et al . B-TACE for HCC



493WJH|www.wjgnet.com

gastroenterologist or radiologist based on their expert­
ise with or the availability of microballoon catheters, 
B-TACE may represent an established treatment in HCC 
patients.
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Abstract
AIM
To overcome the hazardous effects on liver caused by 
long-term use of antitubercular agent isoniazid (INH) by 
developing a novel hepatoprotective prodrug strategy by 
conjugating INH with aminothiols as antioxidant promoi
ties for probable synergistic effect.

METHODS
INH was conjugated with N-acetyl cysteine (NAC) and 
N-(2)-mercaptopropionyl glycine using the Schotten-
Baumann reaction and with L-methionine using Boc-anhy
dride through a biocleavable amide linkage. Synthesized 
prodrugs were characterized by spectral analysis, and in 
vitro  and in vivo  release studies were carried out using 
HPLC. Their hepatoprotective potential was evaluated in 
male Wistar rats by performing liver function tests, mea
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suring markers of oxidative stress and carrying out histo
pathology studies.

RESULTS
Prodrugs were found to be stable in acidic (pH 1.2) 
and basic (pH 7.4) buffers and in rat stomach homo
genates, whereas they were hydrolysed significantly 
(59.43%-94.93%) in intestinal homogenates over a pe
riod of 6 h. Upon oral administration of prodrug NI to 
rats, 52.4%-61.3% INH and 47.4%-56.8% of NAC were 
recovered in blood in 8-10 h. Urine and faeces samples 
pooled over a period of 24 h exhibited 1.3%-2.5% and 
0.94%-0.9% of NAC, respectively, without any presence 
of intact NI or INH. Prodrugs were biologically evaluated 
for hepatoprotective activity. All the prodrugs were ef
fective in abating oxidative stress and re-establishing the 
normal hepatic physiology. The effect of prodrug of INH 
with NAC in restoring the levels of the enzymes super
oxide dismutase and glutathione peroxidase and abro
gating liver damage was noteworthy especially. 

CONCLUSION
The findings of this investigation demonstrated that the 
reported prodrugs can add safety and efficacy to future 
clinical protocols of tuberculosis treatment.

Key words: Aminothiols; antioxidants; N-acetyl cysteine; 
N-(2-mercaptopropionyl) glycine; isoniazid; L-methionine; 
liver injury; tuberculosis 

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: To overcome the deleterious effects caused by 
long-term use of isoniazid (INH), a novel hepatoprotective 
prodrug strategy was developed by integrating the anti
oxidant property of aminothiols with INH moiety to im
prove its therapeutic safety. The anticipated prodrugs 
were synthesized using facile method of synthesis, where
in aminothiols were tethered to the INH molecule via  bio
cleavable amide linkage. Upon hepatoprotective potential 
assessment, the prodrug NI displayed noteworthy effects, 
whereas prodrugs MGI and MI exhibited moderate ef
fects. The findings of this study strongly suggest that 
concept-based design of hepatoprotective prodrugs can 
be applied effectively in reversing toxic effects of INH and 
its metabolites on liver. 

Bhilare NV, Dhaneshwar SS, Mahadik KR. Amelioration of 
hepatotoxicity by biocleavable aminothiol chimeras of isoniazid: 
Design, synthesis, kinetics and pharmacological evaluation. 
World J Hepatol 2018; 10(7): 496-508  Available from: URL: 
http://www.wjgnet.com/1948-5182/full/v10/i7/496.htm  DOI: 
http://dx.doi.org/10.4254/wjh.v10.i7.496

INTRODUCTION
Tuberculosis (TB) is a worldwide pandemic and has existed 
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for millennia. According to the Global Tuberculosis Re­
port 2016 published by the World Health Organization, 
10.4 million new TB cases (including 1.2 million among 
human immunodeficiency virus-positive people) occurred 
in 2015 and an astounding 1.4 million perished from TB 
that year. Overall, 10% of cases were children, whereas 
90% were adults. TB disproportionately afflicts devel
oping nations; India, Indonesia, China, Nigeria, Pakistan 
and South Africa were the countries that accounted for 
60% of the global burden[1]. TB was one of the top 10 
causes of death worldwide in 2015, despite the existence 
of curative chemotherapy. 

Standard treatment recommended for adult respi­
ratory TB is a 2-mo regime of isoniazid (INH), rifampicin, 
pyrazinamide and ethambutol, followed by INH and 
rifampicin for 4 mo[2]. Unfortunately, INH, the drug for 
the intensive phase of conventional anti-TB treatment, 
is highly hepatotoxic, with incidence varying between 
4%-11%[3]. INH and/or its metabolites trigger systemic 
lupus erythematosus, peripheral neuropathy, steatosis, 
neurological disorders and hepatic necrosis[4]. N-ary­
laminoacetyl transferases (NATs) are the enzymes that 
metabolize INH in humans through acetylation at N2-
center in the hydrazinic chain and release free radicals, 
which are implicated in the hepatotoxicity[4-7]. 

A well-established drug therapy to prevent or cure 
this hepatotoxicity does not exist, except discontinuing 
the treatment for a while and restoring it steadily later 
on when liver enzymes return to normal level. Such 
discontinuation of treatment may result in morbidity or 
prolonged disability. Therefore, clinical safety in long term 
treatment with INH is questionable and continues to be 
a subject of grave concern in the field of medicine[3]. In 
the past, considerable focus has been put on the devel
opment of INH conjugates with lower hepatotoxicity, 
improved hydrolytic stability, enhanced bioavailability 
and antitubercular activity. These include conjugation 
with polymers like gelatine[8], peptide[9], polyethylene-
glycol[10], β-cyclodextrin conjugate[11] and antioxidants 
like cinnamic acids[12], curcumin[13], Schiff bases[14] and 
phenolic acids[15]. 

Resurgence of INH as a clinically safe drug appears 
to rely on its appropriate modification that can block 
acetylation by NATs and overcome toxicity. To engender 
these anticipated drug properties in INH, it can be struc­
turally modified at N2-center in the hydrazinic chain[2,14]. 
The molecular mechanism of cytotoxicity is attributed 
to CYP2E1-induced oxidative stress as protein carbonyl 
formation and rise in reactive oxygen species occur 
before the beginning of hepatocyte toxicity[16,17]. 

Since nitrogen-centred free radicals play a critical role 
in instigating oxidative stress, by augmenting the hepato
cellular antioxidant defence system, especially glutathione 
(GSH), cells can be protected against the INH-induced 
oxidative injury, as evidenced in previous reports[18]. 
Thiol-containing antioxidants have earned great interest 
of researchers because of the profound part played by 
intracellular GSH in redox regulation and antioxidant 
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cell defence machinery. In the present study, GSH deple­
tion is the rationale for the selection of protective amino 
thiol antioxidants as carriers for conjugation with INH. 
As precursors of GSH, sulfhydryl group-containing com­
pounds either increase hepatic stores of reduced GSH 
or substitute for it in the liver[19]. Among the sulphur-
containing antioxidants, N-acetyl cysteine (NAC), N-(2-
mercaptopropionyl) glycine (MPG) and L-methionine 
(Met) are known to be nontoxic and have been used in 
the treatment of various disorders[20-24]. 

Met plays a vital role in detoxification by acting as an 
amino acid precursor for GSH synthesis, which protects 
cells from oxidative damage[25]. NAC helps in maintaining 
intracellular GSH levels and scavenging reactive oxy
gen species and its potential in attenuating INH and 
rifampicin-induced hepatotoxicity has already been re­
ported[20]. Protective effects of MPG have been reported 
in paracetamol-induced hepatic necrosis[26].

On these grounds, a novel series of prodrugs was 
designed with the aim of combining antioxidant proper­
ties of aminothiols (NAC, MPG and Met) with INH to 
yield codrugs with lower hepatotoxicity. The hypothesis 
behind this concept was based on transient masking of 
the hydrazinic chain of INH at the N2 position to block 
oxidation by CYP2E1 and acetylation by NAT. Release 
kinetics were studied to confirm the biocleavable nature 
of this newly formed amide bond, and hepatoprotective 
efficacy was assessed.

MATERIALS AND METHODS
INH was received as gift sample from Lupin Research 
Park (Lupin Ltd., Aurangabad, India). NAC was gene­
rously provided by Zim Laboratories Ltd (Nagpur, India). 
MPG and Met were purchased from Sigma Chemical 
Co. (St Louis, MO, United States). Precoated silica gel 
plates (60 F254; Merck, Kenilworth, NJ, United States) 
with fluorescent indicator were used for thin-layer chro
matography, and ultraviolet (UV) light (254 nm) was 
used for spot detection. Programmable melting point 
apparatus (Veego, India) was used to record melting 
points and are uncorrected. The V530, UV-visible double-
beam spectrophotometer (JASCO, Oklahoma City, OK, 
United States) was used to determine the λmax of the 
synthesized compounds. 

Spectroscopic methods were used for confirmation of 
structures. The infrared (IR) spectrum was recorded on a 
JASCO V-530 FTIR in potassium bromide (anhydrous IR 
grade). Proton- and 13C-NMR were recorded in CDCl3 and 
DMSO referring chemical shifts to TMS as the internal 
standard using an Avance Ⅱ 400 instrument (Bruker, 
Billerica, MA, United States) at 400 MHz, with super 
conducting magnet, at VIT University (Vellore, Tamilnadu, 
India). The mass spectra were recorded by employing 
an Agilent 1260 Infinity HPLC-MASS Analyzer 6460 Triple 
Quad LC/MS at the Poona College of Pharmacy, Food 
Testing Laboratory (Pune, India). The elemental analysis 
of synthesized prodrugs was performed on an elemental 
analyser (Vario Micro Cube; Elementar, Frankfurt, Ger

many) at the Poona College of Pharmacy. 
In vitro and in vivo release studies were carried out on 

a JASCO PU HPLC model 2080, with UV detector UV-Vis 
2070, using a Thermo C18 column (Hypersil gold, 250 
mm × 4.36 mm, 5 μm). For pharmacological screening 
of synthesized prodrugs (CPCSEA/PCH/02/2016-17), 
Institutional Animal Ethical Committee-approved experi
mental protocols were followed and all procedures were 
carried out at the CPCSEA-approved animal facilities 
of Poona College of Pharmacy (Reg. No.100/1999/
CPCSEA). The animals were bought from the National 
Institute of Biosciences (Pune, India).

Synthesis of aminothiol prodrugs of INH
Synthesis of prodrugs of INH with NAC (NI) and 
MPG (MGI): To the solution of amino acid (1) (0.005 
mol/L) in THF (10 mL) thionyl chloride (2) (0.005 mol/L) 
was added drop-wise and stirred for 2 h at 55 ℃. The 
reaction was monitored by thin-layer chromatography 
using ethyl acetate:methanol:glacial acetic acid (GAA) 
(0.5:1.5:0.02 v/v/v). At the end of 2 h, the reaction 
mixture was evaporated using a rotary evaporator, and 
the residue of acid chloride (3) was dried under vacuum. 
It was then dissolved in THF and poured into a round-
bottom flask which was placed in an ice bath and kept 
for stirring. To an ice-cold mixture of INH (4) in THF, 
TEA (0.5 mL) was added and the resultant solution was 
added drop-wise to the round-bottom flask containing 
acid chloride, and the temperature of the ice bath was 
maintained at 0 ℃. At the end of 4 h, the precipitated 
amide (5) was separated from the mixture by filtration 
and was recrystallized using mixture of ethanol:water 
(2:1 v/v). It was further purified by preparative thin-
layer chromatography using the same mobile phase 
mentioned above. The reaction scheme is shown in 
figure 1.

Synthesis of prodrug of INH with Met (MI): To a 
stirred solution of Met (6) (2 mmol) in THF (20 mL), a 
saturated solution of potassium carbonate (5 mL) was 
added. Di-tert-butyl dicarbonate (Boc2O; 2 mmoL) was 
then added to this solution and the resultant reaction 
mixture was refluxed for 4 h (7) and monitored by thin-
layer chromatography using ethyl acetate:hexane:GAA 
(0.7:0.3:0.01 v/v/v). INH (4) (2 mmol) was added to 
the reaction flask and the resulting mixture was refluxed 
for a further 6 h. Removal of solvent yielded a pale or
ange paste, which was further extracted using hexane:
ethyl acetate (3:2 v/v) to remove excess Boc2O and with 
water:DCM (1:5 v/v) to obtain a product which was dried 
over anhydrous magnesium sulphate. 

Deprotection at the N-terminal (8) was done by addi­
tion of a solution of HCl in MeOH (10 mL) to the pale or­
ange product obtained from the previous step. The resul
ting reaction mixture was stirred at room-temperature 
for 12 h, after which its pH was adjusted to 9 with 2 N 
NaOH[27]. The mixture was extracted with DCM (2 × 10 
mL). The combined organics were washed with saturated 
aqueous brine (2 × 15 mL), dried over sodium sulphate 
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and concentrated in vacuo, to yield the final product (9) 
as a pale yellow solid. Further purification was carried out 
using preparative thin-layer chromatography with mobile 
phase ethyl acetate:hexane:GAA (0.7:0.3:0.01 v/v/v). 
The reaction scheme is shown in figure 2.

In vitro stability and release studies
In vitro stability studies were performed in aqueous 

buffers of varied pH range and tissue homogenates of 
stomach and intestine of rats to ensure bioreversibility 
of the synthesized prodrugs. Triplicate samples were ana­
lysed and methods were validated as per ICH guidelines. 
Novel HPLC methods were developed for simultaneous 
estimation of prodrugs in the presence of their released 
active metabolite, INH. Percentage of hydrolysed pro
drugs and release of INH was calculated using equations 
generated from calibration curves. Prodrugs in the 
presence of their hydrolysed products were estimated by 
simultaneous estimation method developed on reverse-
phase HPLC. The method developed for estimation of 
NI and its hydrolysed products was comprised of water:
methanol (80:20 v/v adjusted to pH 3.0 with OPA at flow 
rate 1 mL/min on a Thermo C18 column at 204 nm). For 
MGI, the mobile phase was comprised of acetonitrile:
water (65:35; v/v adjusted to pH 2.5 with OPA at flow 
rate 1 mL/min on a Thermo C18 column at 365 nm). 
For the MI mobile phase, water:acetonitrile:methanol 
(20:20:60 v/v/v at flow rate 1mL/min on a Thermo C18 
column at 205 nm) was used. 

Calibration curves of prodrugs and INH were con
structed in HCl buffer (pH 1.2) and phosphate buffer 
(pH 7.4) in the range of 10-100 μg/mL. Release study 
was performed in HCl buffer (pH 1.2) and stomach 
homogenates till 3 h and in phosphate buffer (pH 7.4) 
and intestinal homogenates till 6 h respectively. Prodrug 
(10 mg) was introduced in 100 mL of 0.05 mol/L HCl (pH 
1.2) or 0.05 mol/L phosphate buffer (pH 7.4) in a beaker 
kept in a constant-temperature bath at 37 ± 1 ℃ with 
occasional stirring. Aliquots (5 mL) were withdrawn and 
replaced with fresh aqueous buffer at regular intervals of 
0, 15, 30, 45, 60 min and every 30 min thereafter till 3 
h for HCl buffer and 6 h for phosphate buffer, and 50 μL 
sample reconstituted with the mobile phase was injected 
in the column and analysed by HPLC. 

In vivo release studies
In vivo behaviour of the orally-administered prodrug 
NI was investigated in Wistar rats (200-250 g; n = 3) 
housed in metabolic cages individually under normal con
ditions (at 27 ± 0.5 ℃ and a relative humidity of 70% ± 
0.5% under natural light/dark conditions). To study the 
in vivo behaviour, an HPLC method was developed for 
simultaneous estimation of INH, NI and NAC. The same 
HPLC system, column and mobile phase were used for 
this purpose, as mentioned in the in vitro release study 
section above. All the kinetic studies were carried out in 
triplicate. 

Equimolar dose of NI (Table 1) was orally admi­
nistered to the 6 male Wistar rats kept in individual 
metabolic cages. Male Wistar rats were fasted for 24 h 
prior to use and were administered water ad libitum. 
Blood (0.5 mL) was withdrawn by retro-orbital puncture 
and the reading was considered as the 0-min reading. 
A suspension of NI in 1.0 mL of physiological saline was 
administered to the animals (Table 1). Blood samples 
were collected in EDTA-coated tubes at an interval of 15 
min for the first 1 h. Then, subsequent blood collection 
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Figure 2  Scheme of synthesis for MI.

S.N. Compound Dose1, mg/kg/per day

1 H 0.9% saline (1 mL)
2 INH 150
3 NI 309
4 MGI 311
5 MI 293
6 INH + NAC 150 + 159
7 INH + MPG 150 + 161
8 INH + Met 150 + 143

Table 1  Doses of test and standard drugs

1All doses were calculated on an equimolar basis to the dose of INH. 
H: Healthy control; INH: Isoniazid; NI: Prodrug of INH and N-acetyl 
cysteine; MGI: Prodrug of INH and N-(2-mercaptopropionyl) glycine; 
MI: Prodrug of INH and L-methionine; INH + NAC: Physical mixture 
of INH+N-acetyl cysteine; INH + MPG: Physical mixture of INH + N-(2-
mercaptopropionyl) glycine; INH + Met: Physical mixture of INH and 
L-methionine.
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was made on a bihourly basis till the 10th h and finally at 
the 24th h. These EDTA-coated tubes were centrifuged 
for 10 min at 5000 rpm with temperature set at 0-5 ℃. 
The supernatant solution (0.1 mL) of centrifuged blood 
was added to an Eppendorf tube (1 mL capacity) and 
methanol (0.9 mL) was added to it for instant plasma 
protein precipitation. After vortexing all the solutions 
for 2 min, they were again centrifuged at 5000 rpm 
for 10 min at 0-5 ℃ in order to precipitate any solid 
matter or impurities present in the biological samples. 
These samples were then analysed by HPLC, using the 
procedure described above. 

Urine/faeces samples were also collected at various 
time intervals and pooled together over a period of 24 h 
and analysed similarly by HPLC.

Biological evaluation
Animals: For screening of prodrugs for hepatoprotective 
potential, Wistar rats (male, 180-200 g) were used. 
Solid-bottom polypropylene cages were used to house 
the animals and were maintained at 24 ± 1 ℃, with a 
relative humidity of 45%-55% and 12:12 h dark/light 
cycle. They were acclimatized to laboratory conditions 
for 1 wk. The animals had free access to food (standard 
chow pellets; Chakan Oil Mills, Sangli, India) and water. 
The doses of prodrugs were calculated on an equimolar 
basis to INH and are presented in Table 1. The standard 
and the test compounds were administered orally as a 
suspension in 1% sodium CMC. 

Evaluation of hepatoprotective potential: Rats 
were randomly divided into eight groups, after an accli
matization period of 1 wk, with each group consisting 
of 6 animals. Doses as mentioned in the Table 1 were 
administered for 21 d to the respective groups. Body 
weights and relative liver weights of animals from 
prodrug-treated groups and physical mixture-treated 
groups were calculated at the end of study. After com­
pletion of 21 d, on the 22nd d, the animals were fasted 
overnight and sacrificed immediately after withdrawal of 
blood from the retrobulbar venous plexus. Afterwards, 
centrifugation of whole blood was carried out to obtain 
serum samples. Liver samples were dissected out and 
washed immediately with ice-cold saline to remove as 
much blood as possible. One fraction of the liver samples 
was excised, fixed in a 10% formalin solution and sent 
for histopathological analysis; another fraction was 
immediately stored at -80 ℃ for future analysis. The his­
topathologist was unaware of the protocols to ensure un­
biased analysis.

Assessment of antioxidant parameters: Liver tissues 
were washed with normal saline to remove any blood 
or clots, and homogenized on ice in Tris-HCl (5 mmol/L 
containing 2 mmol/L EDTA, pH 7.4). Homogenates were 
centrifuged at 1000 × g for 15 min at 4 ℃. Aliquoted 
samples of the supernatants were used immediately for 
the assays of superoxide dismutase (SOD) and gluta­
thione peroxidase (GSHPx). SOD activity was estimated 

by the method described by Marklund and Marklund 
(1974). GSHPx content was determined by the method 
of Moron et al[28-30] (1979). 

Assay of lipid peroxidation products: The extent 
of lipid peroxidation was assessed by estimating the 
concentration of thiobarbituric acid reactive product 
malondialdehyde (MDA) as described by Ohkawa et 
al[31] (1979). MDA concentrations were measured using 
1,1,3,3-tetraethoxypropane as standard and expressed 
as micromoles per gram of tissue[31]. 

Estimation of alanine aminotransferase and asp­
artate aminotransferase: Serum levels of alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST) were estimated with help of commercially available 
kits (Coral Clinical Systems, Mumbai, Maharashtra, India) 
using Reitman and Frankel’s colorimetric method[32]. 

Biochemical parameters
Commercially available spectrophotometric kits (Coral 
Clinical Systems) were used to measure triglycerides 
and cholesterol levels. For determination of triglycerides 
in plasma, glycerol-3-phosphate-oxidase enzymatic 
colorimetric (GPO/PAP) method was used. CHOD/PAP 
method based on estimation of D4 cholestenone after 
enzymatic cleavage of cholesterol ester by cholesterol 
esterase was used for the determination of cholesterol in 
plasma[33]. 

Histopathological analysis
Histopathology of rat liver was carried out at SAI Re
search Laboratories (Pune, India). The sections were 
stained by haematoxylin and eosin. Coloured photo­
micrographs of the sections were taken on Nikon Optical 
Microscope, Eclipse E-200 (resolution of 10 × 10 X), with 
an attached trinocular camera.

Statistical analysis 
An average of six readings was calculated and data were 
expressed as mean ± SEM; n referred to number of 
animals in each group. Statistical differences between the 
groups were calculated by one-way ANOVA followed by 
Dunnett’s post-hoc test. Differences were considered at 
P values of < 0.001-0.05 when compared with the INH 
group.

RESULTS
Partition coefficient and aqueous solubility 
The log Poct of INH was found to be -0.71 and aqueous 
solubility was 135 mg/mL. The partition coefficients of 
NI, MGI and MI were found to be 0.11, 0.27 and 0.06 
respectively and their aqueous solubilities were 104 
mg/mL, 94 mg/mL and 114 mg/mL respectively.

Spectral analysis
For confirming the structures of synthesized prodrugs, 
they were subjected to spectral analysis by IR, NMR, 
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mass spectroscopy and elemental analysis. 

Amide NI: N-{1-mercaptomethyl-2-oxo-2-[N’-(pyri­
dine-4-carbonyl)-hydrazino]-ethyl}-acetamide, M.P.: 
175-178 ℃ (uncorrected), Rf: 0.58 (ethyl acetate:
methanol:GAA; 0.5:1.5:0.02 v/v/v), Aq. Sol. : 104 
mg/mL, Log Poct: 0.11, IR (anhydrous KBr; cm-1): 
3300 (NH, sec amide, str), 2545 (SH, str), 1704 (C=O, 
CHCONH, str), 1663 (C=O, aromatic CONH, str.), 1532 
(C-N, pyridine ring, str), 1406 (CH2, bend), 751 (N-N, 
hydrazine, sym wag) 1HNMR (CDCl3; 400 MHz): δ 2.02 [s, 
3H]-CH3O, 3.05-3.06 [d, 2H]-CH2S, 4.68-4.71 [t, 1H]-
CH2-CH2-SH, 7.82-7.83 [d, 2H]-pyridine ring, 8.78-8.79 
[d, 2H]-pyridine ring, 9.84 [s, 3H]-NH 13C-NMR (CDCl3; 
400 MHz): 19.07, 28.85, 63.75, 121.31, 134.41, 140.51, 
150.22, 163.75, 164.22, 170.22 MS: m/z ratio: 282.09 
(C11H14N4O3S, predicted: 282.32). Elemental analysis: 
Calculated for C11H14N4O3S: C, 46.80; H, 5.00; N, 19.85; 
S, 11.36; Found: C, 46.77; H, 5.03; N, 19.87; S, 11.32.

Amide MGI: 2-Mercapto-N-{2-oxo-2-[N’-(pyridine-
4-carbonyl)-hydrazino]-ethyl}-propionamide, M.P.: 
189-191 ℃ (uncorrected), Rf: 0.66 (ethyl acetate:metha­
nol:GAA; 0.5:1.5:0.02 v/v/v), Aq. Sol. : 94 mg/mL, Log 
Poct: 0.27, IR (anhydrous KBr; cm-1): 3583 (NH, sec 
amide, str), 2560 (SH, str), 1692 (C=O, CHCONH, str), 
1679 (C=O, aromatic CONH, str.), 1533 (C-N, pyridine 
ring, str), 1401 (CH2, bend), 760 (N-N, hydrazine, sym 
wag) 1HNMR (CDCl3; 400MHz) δ 1.20-1.21[d, 3H]-
CH3, 3.04-3.07 [1H, m]-CH-CH3, 4.04 [2H, s]-CH2CO, 
7.94-7.96 [d, 2H]-pyridine ring, 8.861-8.863 [d, 2H]-
pyridine ring, 10.21 [s, 3H]-NH. 13C-NMR (CDCl3; 400 
MHz): 18.03, 45.81, 59.18, 122.43, 139.18, 150.03, 
164.38, 170.03, 175.97 MS: m/z ratio: 283.89 
(C11H14N4O3S, predicted: 282.32). Elemental analysis: 
Calculated for C11H14N4O3S: C, 46.80; H, 5.00; N, 19.55; 
S, 11.36; Found: C, 46.79; H, 5.01; N, 19.88; S, 11.34

Amide MI: Isonicotinic acid N’-(2-amino-4-methylsul­
fanyl-butyryl)-hydrazide, M.P.: 199-201 ℃ (uncorrected), 
Rf: 0.66 (ethyl acetate:hexane:GAA; 0.7:0.3:0.01 v/v/v), 
Aq. Sol.: 114 mg/mL, Log Poct: 0.06, IR (anhydrous KBr; 
cm-1): 3461 (NH, sec amide, str), 2830, 2911 (CH, str), 
1701 (C=O, CHCONH, str), 1692 (C=O, aromatic CONH, 
str.), 1538 (C-N, pyridine ring, str), 1325 (S-CH3, str), 
754 (N-N, hydrazine, sym wag), 661 (C-S-C, str) 1HNMR 
(CDCl3; 400MHz) δ 1.88-2.12[m, 2H]-CH2-CH2-S, 2.46[s, 
3H]-CH3S, 2.76-2.96 [2H, t]-CH2-S, 3.85-3.88 [1H, t]-
CH-NH2, 7.88-7.89 [d, 2H]-pyridine ring, 8.82-8.83 [d, 
2H]-pyridine ring, 10.06 [s, 4H]-NH. 13C-NMR (CDCl3; 
400MHz): 18.36, 28.77, 29.98, 58.36, 122.36, 122.56, 
140.40, 150.53, 150.63, 164.57, 170.17 MS: m/z ratio: 
268.19 (C11H16N4O2S, predicted: 268.34). Elemental 
analysis: Calculated for C11H16N4O2S: C, 49.21; H, 6.07; N, 
20.85; S, 11.89; Found: C, 49.25; H, 6.04; N, 20.89; S, 
11.96.

In vitro release kinetics in aqueous buffers and tissue 
homogenates of rats
Kinetic parameters like rate constants, half-lives and 
order of kinetics of hydrolysis were also calculated (Table 
2). No change in the peak of prodrugs was noted for the 
0.05 M HCl buffer (pH 1.2) and phosphate buffer (pH 
7.4). All the three prodrugs showed negligible release of 
INH in stomach homogenates of rats. They were readily 
hydrolysed in intestinal homogenates by first-order 
kinetics. There was gradual increase in the percentage 
of prodrugs hydrolysed in intestinal homogenates 
(59.43%-94.93%; Table 2); thus, confirming their acti
vation by intestinal amidases (Figure 3). 

In vivo release kinetics
Prodrug NI was selected as a representative of the 
three synthesized prodrugs to investigate the in vivo 
behaviour. NI appeared in blood between 2-2.5 h after 
oral administration, indicating absorption of intact pro­
drug through stomach (Figure 4). There was consistent 
rise in the concentration of NI in blood till 4.5-5 h, 
indicating absorption of intact prodrug from the small 
intestine also. INH and NAC appeared in the blood from 
4 h onwards, indicating hydrolytic activation of NI in 
the small intestine. The concentration of intact NI in the 
blood started declining from 5.5-6.5 h and completely 
disappeared at 7.5-9 h. The concentration of INH and 
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Figure 3  Proposed activation mechanism of prodrugs.

Prodrug Incubation medium

HCl 
buffer, 
pH 1.2

Phosphate 
buffer, 
pH 7.4

Stomach 
homogenates

Intestinal homogenates

K ± SD, 

min-11

t1/2, 
min

% Prodrug 
hydrolysed

% INH released

NI Stable Stable Negligible 3.4 × 10-3 233.42 94.93 46.10
MGI Stable Stable Negligible 3.3 × 10-3 217.34 70.11 33.83
MI Stable Stable Negligible 5.1 × 10-3 181.36 86.55 44.26

Table 2  In vitro  release kinetics data

1Average of three readings; follows first-order kinetics.
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NAC reached a maximum of 52.4%-61.3% at 9.5-10 h 
and 47.4%-56.8% at 8-9 h respectively. Intact NI was 
not observed in urine and faeces samples, whereas 
1.3%-2.5% and 0.94%-0.9% of NAC was detected in 
24 h pooled samples of urine and faeces respectively. 

Biological evaluation
The body weights and relative liver weights of animals 
from prodrug-treated groups and physical mixture-
treated groups calculated at the end of study had no 
statistical significance when compared to those of the 
INH-treated group.

Antioxidant markers (SOD, GSHPx and MDA): 
The SODs are a group of closely associated enzymes 
that catalyse the breakdown of the superoxide anion into 
hydrogen peroxide and oxygen. The function of GSHPx 
is to reduce free hydrogen peroxide to water and reduce 
lipid hydroperoxides to their corresponding alcohols[34]. 
Elevating GSH levels aids the productivity of the GSHPx 
and vice versa. The process of oxidative degradation of 
lipids is brought about by the enzyme lipid peroxidase. 
In this course, free radicals steal electrons from the lipids 
that are present in cell membranes, causing cell damage. 
This process progresses through a free radical chain 
reaction mechanism[35,36]. Polyunsaturated fatty acids 
are most often affected by this reaction, as they possess 
multiple double bonds within which are methylene groups 
that contain specifically reactive hydrogen. It is a free radi
cal-mediated destructive autocatalytic process, whereby 
polyunsaturated fatty acids undergo degradation to form 
MDA. Raised MDA levels in liver signify enhanced lipid per
oxidation causing hepatic tissue damage and breakdown 
of antioxidant defence mechanisms to obviate the 
excessive free radical formation. In the group treated 
with INH, the level of SOD and GSHPx was significantly 
lower and the MDA level was significantly higher. This 
finding confirmed the induction of oxidative stress due to 
administration of INH[37,38].

Treatment with NI, MGI and MI significantly re-
established the levels of SOD to 93.39%, 71.98% and 
88.69% respectively and GSHPx to 100%, 91.83% and 
93.87% respectively (Figure 5a and b). Physical mixture 

INH + NAC had significant effect, whereas the effect of 
INH + MPG and INH + MI on both the enzymes was 
moderate. MDA levels were significantly decreased by 
prodrugs compared to the INH-treated group (Figure 
5c). The effect of NI and MGI in reducing the MDA level 
was better compared to that achieved with MI. Physical 
mixtures moderately decreased the MDA level. Thus, 
prodrugs were found to restore the levels of antioxidant 
enzymes, demonstrating their hepatoprotective potential.

ALT and AST: Raised levels of ALT and AST, biliru
binuria, bilirubinaemia, jaundice and rarely severe and 
occasionally fatal hepatitis often occur with normal 
dosing procedures of antitubercular drugs. ALT and AST 
levels are often used to assess hepatic damage. Hepatic 
injury causes necrosis or membrane damage, which 
permits intracellular enzymes to circulate and, hence, to 
be detected in serum. Elevated concentration of these 
enzymes in the serum is an indication of loss of functional 
integrity of the hepatic membrane[39,40]. Elevated ALT 
level, especially, is a signal of hepatocellular necrosis and 
has been used as a surrogate marker of liver injury[41]. 

In the present study, drastic elevation in ALT and AST 
levels (144 ± 7.70 U/L and 148 ± 7.60 U/L respectively) 
occurred in the INH-treated group, indicating pathological 
conditions in liver (Figure 5d and e). Physical mixtures as 
well as prodrug-treated groups displayed decline in ALT 
and AST levels, signifying restoration of these enzymes. 
The effect of prodrugs compared to physical mixtures 
was significantly superior; the effect of prodrug NI was 
especially noteworthy as it restored levels of ALT and 
AST to 48 ± 4.50 and 46 ± 7.30 U/L respectively. This is 
in agreement with the generally established observation 
that levels of transaminases return to normal with the 
healing of hepatic parenchyma and regeneration of hepa­
tocytes.

Triglycerides and cholesterol: Previous studies have 
documented a strong association between hypercho­
lesterolemia and increased free radical production[42]. 
Increase in cholesterol levels in the liver might be due to 
increased uptake of low-density lipoprotein from the blood 
by the tissues[43]. Earlier studies state that treatment with 
INH resulted in accumulation of triglycerides (TGs) in 
the liver of INH-treated animals. This was found to be a 
consequence of decreased lipoprotein synthesis, causing 
impaired mobilization of lipids[44]. Moreover, the levels 
of total cholesterol also increased, indicating that INH 
induces the hypercholesterolemic condition. Increased 
uptake of low-density lipoprotein from the blood by 
the tissues and inhibition of bile secretion might be the 
reason behind this increase in cholesterol levels[45]. He­
patotoxic agents like INH have also been reported to 
disrupt the membrane fluidity and thus affect the normal 
hepatocellular functions[45]. 

In groups administered with prodrugs, TG and cho­
lesterol level decreased remarkably in comparison to 
the group administered with INH (Figure 5f and g). TG 
and cholesterol level decreased, to a lesser extent, in 
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Figure 4  In vivo pharmacokinetics after oral administration of the 
prodrug NI (blood). NI: Prodrug of INH and N-acetyl cysteine.
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the groups treated with physical mixtures INH + MPG 
and INH + Met, whereas the effect of INH + NAC was 
more significant. Prodrugs provided remarkable defence 
against INH-induced aberrations in liver.

Histopathological analysis
Microscopic examination of liver sections of healthy rats 

showed intact parenchymal cells and normal lobular 
architecture (Figure 6). Polygonal hepatocytes (single 
headed black arrow) arranged in hexagonal lobules 
and portal triads at vertices were also visible. Inside 
each lobule, adjacent blood sinusoids (white triangle) 
separated the hepatocytes and Kupffer cells (two headed 
black arrow), along with abundant eosinophilic cytoplasm 
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Figure 5  Effect of prodrugs on markers of liver function and oxidative stress and biochemical parameters. Average of six readings; One-way ANOVA followed by 
Dunnett’s multiple comparison test, statistical significance considered at aP < 0.05, bP < 0.01, eP < 0.001 and ns: non-significant, when vs INH-treated group. H: Healthy 
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e

Groups

IN
H +

 M
et

IN
H +

 N
ACMI

MGINI
IN

HH

IN
H +

 M
PG

e
b bb

200

150

100

50

0Ch
ol

es
te

ro
l (

m
g/

dL
)

e a
G

Bhilare NV et al . Isoniazid chimeras for treatment of hepatotoxicity



504 July 27, 2018|Volume 10|Issue 7|WJH|www.wjgnet.com

being observable.
Membrane disintegration, degenerated nuclei, intense 

vacuolation accompanied by cytoplasmic rarefication 
leading to loss of the polyhedral structure is generally 
seen in liver sections of rats treated with INH. Blood 
sinusoidal dilatation (double headed curved black arrow), 
portal triaditis, multifocal area of necrosis (single headed 
blue arrow) and inflammatory cells (single headed curved 
black arrow) with granular swelling are also the pro­
minent features in the histopathology of INH-damaged 
liver[46]. In the present study, all these pathological 
changes were noticed in liver sections of INH-treated rats 
(Figure 6). 

The liver of rats treated with NI showed reversal of 
such pathology, with no evidence of necrosis, inflam
mation or fibrosis. Normal lobular structural design of the 
liver with well-preserved cytoplasm and blood sinusoids 
running in between normal hepatocytes were seen. 
Liver sections of groups treated with prodrug MGI and 
MI showed minimal inflammation, with minimal portal 

triaditis and mild dilation of blood sinusoids. The lobular 
architecture and hepatocytes were normal, and overall 
normal hepatic morphology with no histopathological 
derangements was observed.

Histological observations of rats administered with 
physical mixtures INH+NAC and INH+MPG displayed 
slight degenerative alterations in the parenchymal li
ning. Moderate sinusoidal dilatation was also observed. 
However, liver sections of the INH+ Met-treated group ex
hibited hepatocytic vacuolation, necrotic areas, moderate 
inflammation and severe blood sinusoidal dilatation.

DISCUSSION
Synthesis and characterization
Amide prodrugs of INH and three different sulphur con­
taining amino acids (NI, MGI and NI) were synthesized. 
NI and MGI were synthesized using Schotten-Baumann 
reaction as described in the above section of synthesis of 
NI, and MGI and MI were synthesized by using the Boc-

H

INH + NACMIMGI

NI

INH + MetINH + MPG

INH

Figure 6  Photomicrographs of haematoxylin and eosin-stained histological sections of normal, isoniazid-intoxicated, prodrugs- and physical mixtures-
treated rat livers. 
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anhydride as a protecting as well as an activating group 
in amide formation, as described in section of synthesis 
of MI. Reactions were monitored by thin-layer chro­
matography (ethyl acetate:methanol:GAA; 0.5:1.5:0.02 
v/v/v for NI and MGI and ethyl acetate:hexane:GAA; 
0.7:0.3:0.01 v/v/v for MI). Partition coefficients and 
aqueous solubilities of standard drugs and synthesized 
conjugates were determined experimentally. Log Poct of 
INH was found to be -0.71 and aqueous solubility was 
135 mg/mL. Partition coefficients of prodrugs were in the 
range of 0.06-0.27. The results of partition coefficients 
of prodrugs were in accordance with their determined 
aqueous solubilities (94-114 mg/mL). Increased parti­
tion coefficients might enhance the penetration and bio
availability of prodrugs. 

The synthesized prodrugs were characterized by 
FTIR, 1H-NMR, 13C-NMR, elemental analysis and mass 
spectroscopy. Formation of amide prodrugs was con­
firmed through IR by carbonyl stretching between 
1663-1692 cm-1 and NH stretching of secondary amide 
between 3300-3583 cm-1. Chemical shifts of protons 
of INH and amino acids backbones were confirmed by 
1H-NMR, in which number of protons matched with the 
anticipated structures. 13C-NMR confirmed formation of 
amide linkage between one molecule of INH and one 
molecule of amino acid. Mass spectroscopy also exhibited 
molecular ion peaks in accordance with the molecular 
weights (268-283) of respective prodrugs. Elemental 
analysis results were within the permissible range that 
confirmed molecular weights of prodrugs.

In vitro release kinetics
All prodrugs when incubated with HCl buffer (pH 1.2) 
and stomach homogenates resisted hydrolysis for 3 h 
and when incubated with phosphate buffer (pH 7.4) 
resisted hydrolysis for 6 h, as HPLC analysis did not 
show any peaks of INH, aminothiols or unknown hydro­
lysis products except for the peaks of intact prodrugs. 
Prodrugs were readily hydrolysed in intestinal homo­
genates by first-order kinetics, confirming their activation 
by intestinal amidases. The rate constant values 
increased while half-lives of the prodrugs decreased, as 
shown in Table 2. The extent of hydrolysis was highest 
for NI (94.93%; Table 2). 

In vivo release kinetics
In vivo pharmacokinetic properties and factors influencing 
it are the guiding principles for effective prodrug design 
and hence need to be accurately estimated. Appearance 
of INH and NAC in blood from 4 h onwards indicated 
enzymatic activation of NI in the small intestine. From 
these results, we hypothesize that NI must have been 
activated in the small intestine by enzymatic (amidase) 
hydrolysis. Interestingly, many unknown metabolites 
were detected in urine and faeces, which might be the 
consequence of metabolism of INH and NAC. 

Biological evaluation
Results of estimations of antioxidant markers, includ­

ing SOD, GSHPx and MDA, of liver function markers, 
including ALT and AST, and biochemical parameters, 
including cholesterol and TG, clearly indicated the abro­
gating effect of synthesized prodrugs. Histopathological 
observations correlated with the biochemical findings, 
thus confirming that prodrugs were more effective than 
physical mixtures in re-establishing the normal hepatic 
cytoarchitecture[47,48]. 

The ameliorative effect of prodrugs observed in this 
study can be accredited to the thiol-containing amino 
acids which were used as carriers. They can cause hepa­
totropic detoxification by augmenting synthesis of GSH, 
which is an endogenous antioxidant and is usually de­
pleted as a consequence of increased oxidative stress[49]. 
They also act either by maintaining GSH in the reduced 
state or providing an alternative nucleophilic target and, 
thus, protect protein-SH groups[18]. 

In summary, to address the issue of INH-induced 
hepatotoxicity, prodrugs of INH with aminothiol anti­
oxidants were successfully synthesized employing simple 
methods for amide synthesis. In vitro and in vivo release 
studies confirmed the bioactivation of these prodrugs. 
Observations obtained from hepatoprotective potential 
assessment demonstrated that the prodrugs had re­
markable restorative effect on levels of enzymes and 
biochemical parameters involved in liver injury, to normal. 
Further confirmation was obtained from histological micro
graphs of liver that displayed complete reparation of hepa
tic tissue. The underlying mechanism of this protective 
action of prodrugs involved the suppression of oxidative 
stress, cell membrane stabilization and reinforcement 
of cellular antioxidant defences, as evidenced from inter
pretations of hepatoprotective activity. Findings of this 
study proved the success of concept-based prodrug 
design in abating the deleterious effects of INH and its 
metabolites on liver. 

We believe that these novel prodrugs may offer a 
new therapeutic strategy in TB treatment by preventing 
complications associated with long-term use of INH. 
However, further studies to explore their in vivo antimyco­
bacterial efficacy are required and are under progress in 
our laboratory, the results of which will be communicated 
in our future publications.

ARTICLE HIGHLIGHTS
Research background
Tuberculosis (TB) is widely viewed as a disease of the developing world and 
death rates are often attributed to failure of overburdened public health systems 
to deliver appropriate care to infected individuals. The logistics of delivering 
the complex regimen and ensuring patient compliance with the full course of 
chemotherapy challenge the resources of the public health sector, even in the 
most developed countries. TB drug development has made substantial progress 
in the past decade. There are currently at least 10 drugs being evaluated in 
clinical trials. Some belong to chemical classes already employed in first- or 
second-line treatment regimens and are being explored for more optimized 
use at higher doses or in new drug combinations (oxazolidinones, rifamycins 
and fluoroquinolones), while others represent potential novel members of the 
TB drug arsenal, killing Mycobacterium tuberculosis through previously untried 
mechanisms of action (diarylquinolines, nitroimidazoles, pyrroles and ethylene 
diamines). The typical challenges of drug development are augmented in TB 
by the complexity of the disease, the requirement for multi-drug regimens, 
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the relative lack of TB drug development for the past several decades, and 
inadequate resources being brought to bear despite the urgency of the global 
medical need. Yet, in the face of these challenges, none of the drugs have 
succeeded to reach the patients. The urgent need for innovation and persistent 
efforts to tap novel resources cannot be denied. A fine balance needs to be 
achieved between protecting novel drugs or modified derivatives of existing 
drugs so that resistance, side effects and toxicity could be minimized, ensuring 
that regimens are low-cost, safe, readily available, and adopted by healthcare 
systems and providers. The current treatment regimen has several drawbacks, 
including prolonged treatment time to completely eradicate the bacteria 
(sterilization). This increases the risk of toxicity associated with long-term use 
of antitubercular drug. Isoniazid (INH) is a major first-line drug used for the 
treatment of TB, although the metabolic and morphological aberrations that 
it causes and emergence of its resistance on wide scale have been a matter 
of great concern for future treatment schedules of TB. Therefore, a suitable 
molecular modification of INH in the form of codrugs was performed in order 
to resolve these issues. Antioxidant aminothiols were selected as carriers to 
minimize hepatotoxic effects of INH. The hepatoprotective potential of these 
prodrugs was investigated in Wistar rats to prove effectiveness in abrogating 
liver damage caused by INH. 

Research motivation
The root cause of INH toxicity is believed to be in the metabolism of INH at the 
N2 centre in hydrazinic chain by the enzymes N-acetyltransferases, which are 
responsible for acetylation of INH. This acetylation by N-acetyltransferases in 
humans is under genetic control and can be divided into two categories, viz. “fast 
acetylators” and “slow acetylators”. The fast acetylators, in long-term treatment 
of INH, lead to significant lowering of drug bioavailability and consequent 
generation of INH resistance. Whereas in the case of slow acetylators, high 
levels of INH lead to serious hepatotoxicity. In both the cases, optimization of 
dose is a major issue. INH after metabolism in the liver produces hydrazine 
metabolites (nitrogen-centred free radicals). These radicals generate highly 
reactive oxygen species, which act as stimulators of lipid peroxidation, resulting 
in cell death and hepatic necrosis. Acute poisoning leads to lactic acidosis and 
renal failure, development of agranulocytosis, INH-induced tenosynovitis, INH-
induced liver injury, and fatal INH-induced acute liver failure, to name only a 
few of the toxic consequences of INH. Furthermore, INH and/or its metabolites 
(e.g., hydrazine) are associated with causing mitochondrial injury that may lead 
to oxidant stress in mitochondria and destruction of energy homeostasis. This 
specific observation inspired us to design prodrugs of INH; transiently masking 
the N2 centre in the hydrazinic chain of the INH moiety by using aminothiols 
which could serve by protecting the liver against toxic effects of INH. Previous 
studies have shown that aminothiols have antioxidant potential and they 
attenuate liver injury induced by INH, acetaminophen, fluoride, cisplatin, carbon 
tetrachloride and lead overdose. But, none of the studies have been based 
on introducing these antioxidant promoeities [N-acetyl cysteine (NAC), N-(2-
mercaptopropionyl) glycine (MPG) and L-methionine (Met)] in the INH molecule 
via amide linkage at the hydrazinic centre and exploring their therapeutic 
potential. This study is the first to explore the hepatoprotective potential of 
aminothiol-INH conjugates for restoration of normal hepatic physiology in INH-
intoxicated rats and their possible healing mechanism. It was foreseen that 
these prodrugs may find utility in safer treatment of TB. 

Research objectives
The chief objective of this work was to minimize hepatotoxic effects of 
the antitubercular drug INH and, thereby, improve its safety profile in the 
management of TB. As metabolism at the hydrazinic chain of INH is responsible 
for possible side effects, we thought of masking the N2 centre in the hydrazinic 
chain transiently. Hepatoprotective action was achieved by using aminothiols 
such as NAC, MPG and Met as antioxidant carriers, which act by scavenging 
free radicals. Signs of liver injury did not manifest in the prodrug-treated groups, 
which was one of the important objectives of the present study. Future research 
could be directed at investigating the in vivo antimycobacterial potential of these 
prodrugs.

Research methods 
Facile synthesis of target mutual prodrugs was accomplished through 
optimization of the Schotten-Baumann reaction and Boc-anhydride to avoid 
complex purification procedures. Spectral analysis was used for extensive 
characterization of synthesized prodrugs. Novel HPLC methods were developed 

and validated for simultaneous estimation of INH and aminothiols in the 
presence of intact prodrugs in order to study their release profiles in buffers of 
varied pH, rat homogenates of the gastrointestinal tract, blood, urine and faeces. 
For in vivo study, male Wistar rats weighing 180-220 g were fasted for 24 h. 
The animals were given drug solution in stipulated dose, quantity depending on 
the body weight of each animal. At 0 min, 30 min, 1 h, 2 h, 4 h, 6 h, 8 h, 10 hr 
and 24 h of treatment, 3 ml of blood was withdrawn by retro-orbital puncture 
into EDTA-coated tubes and centrifuged at 5000 rpm at 0-5 ℃ for 10 min. A 
0.1 ml aliquot of the supernatant solution of centrifuged blood was added to 
an Eppendorf tube and 0.9 ml of methanol added to it for immediate plasma 
protein precipitation. The solution was vortexed for 2 min and then centrifuged 
at 5000 rpm for 10 min at 0-5 ℃ in order to precipitate solid matter present in 
the biological sample and other impurities. Then, 20 μl of the supernatant was 
injected into the HPLC instrument. Hepatoprotective potential was evaluated 
in male Wistar rats in a 21-d study. Doses calculated on equimolar basis were 
administered for 21 d to respective groups. All the animals were examined 
for liver function markers, antioxidant markers, biochemical parameters and 
liver histology. Livers of the sacrificed animals were removed and fixed in 10% 
buffered formalin and samples were sent for microscopic examination. Various 
markers like aminotransferases, superoxide dismutase, glutathione peroxidase 
and malondialdehyde, cholesterol and triglycerides were estimated at the end of 
study. Relevant statistical tests were used for analysing the data.

Research results 
Activation of prodrugs by amidases in the small intestine, restoration of 
enzyme levels, re-establishment of the antioxidant defence system to avert the 
formation of excessive free radicals, regeneration of hepatocytes, maintenance 
of structural integrity of liver by released aminothiols and significantly notable 
reparation of INH-induced hepatotoxicity in Wistar rats were the promising 
outcomes of this study. This is the pioneer study to identify and describe the 
therapeutic potential of hepatoprotective prodrugs of INH in Wistar rats. These 
prodrugs could be explored further as an alternative to INH for treatment of TB. 

Research conclusions 
In the present work, the N2 centre of the hydrazinic chain in INH was transiently 
masked with aminothiols, as literature review revealed that antioxidant 
aminothiols play a vital role in restoring the antioxidant defence system of 
a host after a free radical-mediated destructive autocatalytic process which 
occurs in INH-induced hepatotoxicity. The novel hepatoprotective prodrug 
strategy proved to be advantageous in terms of lowering the biochemical 
parameters and liver function markers, and remarkably improving the levels of 
enzymes involved in the antioxidant defence system. This study emphasized 
the effectiveness of aminothiols to maintain integrity of the liver. These prodrugs 
have the potential to be screened further for their effectiveness in patients who 
are on long-term treatment with INH.

Research perspectives
This study proved that concept-based design of hepatoprotective prodrugs can 
be applied successfully in overcoming toxic effects of a drug. This work proved 
that an amide conjugation strategy can provide a potential synergistic effect in 
abrogation of INH-induced hepatotoxicity. Future research should be directed 
towards investigation of in vivo antimycobacterial potential and pharmacokinetic 
profiles in order to elucidate the exact molecular and biochemical mechanisms 
of these synthesized prodrugs. 
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Abstract
Hepatitis B represents a global health threat because its 
chronic course and sequelae contribute to a high mor
bidity and mortality. Hepatitis B virus (HBV) infection can 
be controlled by vaccines, antiviral treatment, and by 
interrupting transmission. Rare vaccine escape mutants 
are serious because they eliminate vaccine protection. 
Here, we present a 74-year-old vaccinated patient with 
HBV reactivation 11 years after kidney transplantation. 
The patient was HBV-positive but HBsAg-negative 
prior to vaccination 6 years before transplantation. The 
reactivated virus was HBV genotype F3 with vaccine 
escape mutations G145R, P120Q, and Q129P. The 
patient was successfully treated with entecavir. The 
epidemiological reasons for this subgenotype, which is 
extremely rare in Western Europe, were unclear. This 
case illustrates that second-generation vaccines are not 
always effective in a specific group of patients.

Key words: Entecavir; Hepatitis B virus; Subgenotype 
F3; Kidney transplantation; Vaccine escape mutant 
G145R

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip:We report the first documented case of hepa­
titis B virus (HBV) subgenotype F3 reactivation with 
vaccine escape mutations in a patient after kidney 
transplantation. We successfully treated this patient 
with entecavir. This case illustrates a specific clinical si­
tuation in which the current World Health Organization 
HBV vaccine may be unsuccessful, and third generation 
vaccines should be considered.

Schlabe S, van Bremen K, Aldabbagh S, Glebe D, Bremer CM, 
Marsen T, Mellin W, Di Cristanziano V, Eis-Hübinger AM, 
Spengler U. Hepatitis B virus subgenotype F3 reactivation 
with vaccine escape mutations: A case report and review of the 
literature. World J Hepatol 2018; 10(7): 509-516  Available from: 
URL: http://www.wjgnet.com/1948-5182/full/v10/i7/509.htm  
DOI: http://dx.doi.org/10.4254/wjh.v10.i7.509

INTRODUCTION
Hepatitis B virus (HBV) is an enveloped virus of the He­
padnaviridae family. HBV is highly hepatotropic and is 

transmitted parenterally. There are 111.2 million cases 
of hepatitis[1] and 686000 hepatitis-related deaths repor
ted worldwide each year. Long-term sequelae of hepati
tis include liver cirrhosis and liver cell carcinoma, and 
these are responsible for the majority of hepatitis rela
ted deaths[2]. HBV has at least ten different genotypes, 
each with a specific geographic pattern[3].

There is no cure for chronic HBV infection. Antiviral 
agents are able to suppress viral replication but have 
to be taken permanently to prevent reactivation. A 
plasma-derived vaccine (first generation) was developed 
in 1982 and was replaced in 1986 by a recombinant 
monovalent yeast-derived vaccine (second generation). 
Global prevention strategies include vaccination at 
birth and during early childhood. However, 5%-10%of 
immunocompetent vaccines do not induce protective 
neutralizing antibody production (more so in 
immunodeficient patients)[4].

Immunization with second-generation vaccines re
lies on neutralizing antibody production against the “a”
determinant, a hydrophilic antigenic domain (residues 
100-170) of the HBV surface (S) protein. Specific single 
mutations, such as G145R, disrupt the structure of this 
epitope domain so that neutralizing antibodies (anti-HBs) 
cannot recognize it, thereby eliminating protection[5].

In this study, we report a case of HBV subgenotype 
F3 reactivation after kidney transplantation. Our findings 
highlight that current vaccines are not always effective 
against mutated HBV. Furthermore, current vaccines 
do not confer protection against HBV subgenotype F3, 
which is distantly related to those subgenotypes that 
current vaccines are based upon.

CASE REPORT
A 74-year-old patient was referred to the University 
Hospital of Bonn with acute hepatitis in March 2015. He 
initially presented with loss of appetite and acute wate
ry diarrhea for 7 d. He was a frail patient, requiring long
term level Ⅲ care. Six weeks prior to admission he had 
slightly elevated alanine aminotransferase (ALT) levels 
(78 U/L) due to a urinary tract infection.

His medical history included chronic kidney failure 
due to tuberculous empyema, and the left kidney was 
resected in 1965. In May 1996, end-stage renal disease 
was diagnosed and hemodialysis was started. Prior to 
dialysis, chronic HBV infection had been diagnosed with 
partial seroconversion (anti-HBc and anti-HBe-positive 
and anti-HBs-negative). In November 1995, he tested 
positive for the HBV virus surface antigen (HBsAg). 
HBsAg declined to borderline levels in July 1996; and in 
May 1996, only low levels of HBV DNA viremia (9 pg/mL) 
were detected. Tests for HBs-Ag and HBV DNA have been 
repeatedly negative since July 1996. Two years later, 
seroconversion to anti-HBs had still not occurred, and 
the patient was repeatedly vaccinated with GenHBVax 
(January 1998, May 1998, and July 2002), which stabi
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F. The patient had received blood transfusions following 
a traffic accident with bilateral hip fracture requiring 
surgical procedures back in the 1960s, which may 
represent potential transmission routes. After kidney 
transplantation and revisions to the hip prosthesis, only 
minor surgical wound care interventions had been per
formed before presentation.

We found eight mutations and amino acid sub
stitutions in the S protein, including the most common 
vaccine escape mutation G145R (Figure 4). Analysis 
of the HBV polymerase reverse transcription domain 
showed no known primary resistance mutations against 
the nucleos(t)ide analogues lamivudine, telbivudine, 
entecavir, tenofovir, or adefovir. Sequence analysis 
showed that wild-type and mutated viruses were present 
at a ratio of approximately 40:60 for five out of the eight 
identified mutations, indicating a mixed HBV population. 
The CD4 cell count was low (121/µL), the B cell count 
was strongly reduced (2/µL), and immunoglobulin levels 
were slightly reduced. Therefore, immunosuppressive 
treatment was reduced to 3 mg prednisolone, 100 mg 
allopurinol, and 25 mg azathioprine.

Daily treatment with 0.5 mg entecavir was initiated 
because of reduced kidney function. Viral replication 
decreased significantly and was negative 5 mo after 
the diagnosis (Figure 5). The entecavir dosage was 
later adjusted according to kidney function every fourth 
day. No complications with liver function were reported 
following treatment. Immunosuppressive treatment was 
changed to tacrolimus.

DISCUSSION
Reactivation of chronic hepatitis B in immunosuppressed 
patients is serious. In this patient, reactivation occurred 
approximately 11 years after immunosuppressive ther
apy was initiated, and no recent causes for reactivation, 
such as a change in immunosuppressive medication, 
were reported. HBV reactivation is a well described risk 
in renal transplant recipients. However, only one report 
of reactivation due to a vaccine escape mutant (HBV 
genotype E) in a successfully vaccinated post-transplant 
patient 4 years after kidney transplantation has been 
published[6]. Post-renal transplant patients are at risk 
of de novo HBV infections due to immunosuppression. 
At least two reported cases of HBV infection have been 
described in vaccinated kidney transplant patients car
rying vaccine escape mutations[7,8]. A de novo infection, 
albeit unlikely, cannot be excluded completely in our 
patient.

We identified the immune escape mutation G145R in 
our patient. This mutation was discovered in 1988[9] and 
has been described in HBV genotypes A-D worldwide[10]. 
Reduced antibody binding is sufficient for immunologic 
breakthrough of HBV escape mutants[5]. We also iden
tified a P120Q mutation in the upstream region of the 
HBV core gene and two different mutations at positions 

lized anti-HBs levels (Figure 1).
In June 2004, he underwent cadaveric kidney 

transplantation and received three immunosuppressive 
treatments: sirolimus, tacrolimus, and methylpredni
solone. This treatment was discontinued several months 
later because of severe side effects and was converted 
to 25 mg azathioprine every other day in combination 
with daily administration of 300 mg allopurinol plus 4 
mg prednisolone with close lymphocyte monitoring. Per
manent antiviral treatment was not administered. After 
the immunosuppressant regimen was changed, graft 
function remained stable with an eGFR (MDRD) grade of 
IIIb A1.

At admission (March 2015), his liver enzyme lev
els were massively elevated: ALT, 1462 U/L; aspartate 
aminotransferase (AST), 1459 U/L; gamma glutamyl
transferase 407 U/L; lactate dehydrogenase (LDH), 616 
U/L; and bilirubin, 5 mg/dL. Creatinine was elevated to 
2.9 mg/dL (eGFR (MDRD) 25 mL/min). Ultrasound and 
CT scans excluded a tumor, thrombosis, or abscess. 
Serologic hepatotropic virus evaluation revealed highly re
plicative HBV infection with 22.5 million IU/mL HBV DNA 
and positive results for HBsAg (79.11 IU/mL) and anti-HBs 
(85.2 mIU/mL). Anti-HBe tests were also positive, while 
anti-HBc IgM tests were negative. Infection with hepati
tis C/D viruses, CMV, and HIV was excluded. Markers of 
past hepatitis A/E virus, HSV, and Epstein Barr virus (EBV) 
infections were detected. A liver biopsy showed acute 
hepatitis with multiple disseminated acidophilic single cell 
necroses, pericentral lipofuscinosis, vacuolar lipid droplets, 
and minimal periportal fibrosis. The latter was interpreted 
as chronic toxic damage (Figure 2).

Aminotransaminase levels decreased slightly, but 
bilirubin peaked at 24 mg/mL 11 d after presentation. 
Because hepatitis B had reactivated despite high levels 
of anti-HBs antibodies, we initiated further analyses. Full 
genome analysis revealed the virus to be subgenotype 
F3 of genotype F (Figure 3). HBV genotype F is endemic 
in South America but rare in Europe. There were no re
ported contacts to South America, Spain, or any other 
epidemiological links to regions endemic for genotype 
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Figure 1  Course of anti-HBs levels since diagnosis of hepatitis B virus in
fection in 1995. Vaccine was administered in January 1998, May 1998, and July 
2002. Kidney transplantation and hepatitis B virus reactivation are indicated.
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Q129, Q129P, and H in our patient. Mutations at these 
positions have been described in immune escape vari
ants or occult infection[10]. The combination of different 

mutations alters HBV antigenicity even further[11]. All 
eight mutations found in the case presented here and 
available previous reports on these specific mutations 

July 27, 2018|Volume 10|Issue 7|

Figure 2  Hematoxylin and eosin stain of a liver specimen from the patient described in this study showing necrosis of hepatocytes (black triangles) 
without infiltrations and trichrome stain for fibrosis. A: Necrosis of hepatocytes; B: Trichromestain for fibrosis. Periportal fibrosis is indicated by white triangles.
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are provided in the supplemental file. Escape mutants 
are rare, but they can be selected by vaccination in highly 
endemic regions[12] and during reactivation of occult HBV.

HBV genotype F is endemic in Central and South 
America and has four subgenotypes, F1–F4[13]. Preva
lence outside South America is very low (up to 7% 
in Spain[14]and 1.4% in the whole of Europe[15]). Sur
prisingly, the HBV genotype in our patient was sub
genotype F3, subtype adw4q. The phylogenetic tree of 
this virus was similar to virus strains in Venezuela (Figure 
3).

HBV genotype F is the most genetically divergent 
of the HBV genotypes[16]. It shares a close genetic 

and geographical association with related orthohepa
dnaviruses endemic in mammals of Middle and South 
America, like the woolly monkey, a nonhuman primate, 
and the Tent-making bat. This suggests an evolutionary 
link between these viruses in different host species[17]. 
The distant relationship of HBV genotype F strains with 
European HBV isolates has specific clinical implications. 
For example, the current World Health Organization 
(WHO) vaccine is based on the “a” determinant do
main of subgenotype A2 (subtype adw2), which has 
a different antigen to genotype F (subtype adw4). 
Therefore, vaccine escape is more likely in genotype 
F. Moreover, HBV genotype F infections have high viral 
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Figure 4  Vaccine escape mutations in the patient’s hepatitis B virus strain. Alignment of the HBs antigen amino acid sequence (SHBs) of the patient´s strain 
with a HBV genotype F consensus sequence derived from the HIV-grade database (www.hiv-grade.de). Amino acids are named according to the one-letter code. Dots 
in the patient´s sequence represent amino acids identical to those in the consensus sequence. Positions relevant for drug resistance are indicated by blue boxes. 
Red asterisks denote positions in the patient´s strain (i.e., 109, 128, 129, 131, and 134) where both the amino acid of the consensus strain and the vaccine escape 
mutation were observed. HBV: Hepatitis B virus.
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loads and are typically HBeAg-positive in acute cases. 
This may facilitate breakthrough when anti-HBs titers 
are low[18,19]. However, only two cases of vaccine fail
ure in patients infected with HBV subgenotype F have 
been reported. They were infected with genotype F1b 
(subtype adw4) after traveling to Northern Argentina[20] 

and with subgenotype F1 after traveling to Spain[21], 
respectively. Escape mutants were not detected in 
either patient, suggesting that the HBV genotype F 
breakthrough without the help of escape mutations. 
The patients described in these previous reports were 
vaccinated before infection. In contrast, our patient was 
vaccinated after HBV infection. In the 1990s, several 
clinical pilot trials tested vaccination in HBsAg-positive 
patients to induce virus-specific cellular immunity and 
HBsAg loss (“therapeutic vaccination”) using vaccines 
containing HBsAg and later containing preS2/S 
proteins[22]. Initial results suggested a small effect on 
replication, seroconversion, and HBsAg loss, but the 
concept was later proven unsuccessful, at least with 
current vaccines[23]. In our case, vaccine escape was an 
additional negative effect of this vaccination therapy. 
Escape mutation selection in our patient after second-
generation vaccination could be explained by: (1) 
incomplete neutralization of HBV genotype F by the 
generated antibodies; and (2) selection pressure from 
vaccination. To the best of our knowledge, this is the 
first case describing breakthrough of HBV genotype F 
due to G145R, P120Q, and Q129P escape mutations in 
a transplant setting.

The high viral load in our patient presented a sub
stantial risk for virus transmission during blood sampling 
or laboratory blood work. The risk was aggravated 
because the virus was HBeAg-negative, which favors 
the development of severe and fulminant acute hepati
tis due to abnormal immunopathology. Fatal outbreaks 
of HBeAg-negative HBV strains, even with common 
genotypes, have recently been reported in healthcare 
settings and nursing homes[24].

This case illustrates the limitations of the convention
al HBV vaccine in individuals infected with escape 
mutant forms of the virus. These limitations include 
impaired immunogenicity and inability of neutralizing 
antibodies to recognize the virus. All available second-
generation, yeast-derived vaccines are based on the 
non-glycosylated “a” determinant of the small surface 
HBV protein (SHBs). Several third-generation vaccines 
(Hepagene™, Bio-Hep B™, Sci-V-vac™) were developed 
in the 1990s and contain all three HBV envelope pro
teins: The SHBs, the medium (MHBs) (preS2-SHBs), 
and the large (LHBs) (preS1/preS2-SHBs) within 
subviral particles derived from mammalian cells[25]. 
The amino terminal of the preS1 domain contains the 
binding domain for sodium-dependent taurocholate co-
transporting peptide (NTCP), which is the high-affinity 
receptor for HBV cell binding and entry[26]. PreS1-
specific antibodies are interesting because the receptor-

binding domain of preS1 is relatively conserved across 
all HBV genotypes. To date, a third-generation vaccine 
is not globally available; one has been on the market 
in Israel and in several countries in East Asia and Africa 
since 2001. The response rate in healthy non-responders 
is superior to second-generation vaccines[27] as well as in 
immunosuppressed post-liver transplantation patients 
who do not respond to second-generation vaccines[28].

In summary, we present a rare case of vaccine es-
cape in an immunosuppressed patient infected with 
the rare HBV subgenotype F3 in Western Europe. This 
vaccine escape mutant replicated despite high levels 
of anti-HBs. Fortunately, antiviral agents effectively low
ered the viral load and ameliorated liver inflammation. 
Despite this successful treatment, third-generation vac
cines should be introduced as a protective measure 
to enhance the immunological protection of low-resp
onders and risk groups (e.g., immunosuppressed pat
ients, patients with chronic kidney failure) and possibly 
induce seroconversion of HBs-Ag to anti-HBs in chronic 
HBeAg-negative patients with low viral loads. The HBV 
status of immunosuppressed patients should be carefu
lly monitored in transplant settings to prevent possible 
reactivation.

ARTICLE HIGHLIGHTS
Case characteristics
A 74-year-old patient with previous hepatitis B infection presented 11 years 
after kidney transplantation with diarrhea, loss of appetite, and icterus.

Clinical diagnosis
The main clinical finding was acute liver dysfunction.

Differential diagnosis
The differentials of acute liver dysfunction in this patient were acute hepatitis 
caused by hepatitis B virus (HBV) reactivation or hepatitis D virus (HDV) 
superinfection or infection with another hepatotropic virus, sepsis, obstruction of 
bile ducts, cholangitis, tumor, abscess, or thrombosis.

Laboratory diagnosis
Laboratory results revealed acute hepatitis caused by highly replicative HBV 
subgenotype F3 with immune escape mutations.

Imaging diagnosis
A computed tomography (CT) scan excluded bile duct obstruction, tumor, 
abscess, and thrombosis.

Pathological diagnosis
Histologic examinations showed acute hepatitis with multiple disseminated 
acidophilic single cell necroses and pericentral lipofuscinosis, vacuolar lipid 
droplets, and minimal periportal fibrosis suggesting additional chronic toxic 
damage.

Treatment
Acute hepatitis B was treated with an antiviral medication, the nucleoside 
reverse transcriptase inhibitor (NRTI) entecavir (ETV).

Related reports
HBV reactivation has been reported in immunosuppressed patients, patients 
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with de novo infection, and in successfully vaccinated persons (caused by 
vaccine escape mutations or subgenotype F).

Term explanation
Vaccine or immune escape describes the ability of the HBV to reinfect or 
reactivate in the presence of neutralizing antibodies that cannot neutralize the 
virus.

Experiences and lessons
Acute hepatitis caused by hepatitis B infection may occur in a successfully 
vaccinated patient if the virus escapes antibody neutralization. Escape may 
be caused by escape mutations that change surface antigens or by a virus 
genotype that is distantly related to the virus genotype that the second-
generation HBV vaccine is based on.
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Abstract
Primary hepatic gastrinoma is a rare disease, with fe
wer than 40 cases reported in the medical literature. 
Because it is located in an organ in which metastases 
are common, its diagnosis is difficult. We report a case 
of a 19 years old male patient with a history of gastric 
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ulcers since the age of nine. Following gastric surgery, 
an antrectomy and a vagotomy, there was some all
eviation of symptoms. Subsequently, the patient rep
orted various intermittent episodes of diarrhea, diffuse 
abdominal pain, and vomiting. The patient underwent 
tomography, which revealed the presence of a hepatic 
mass measuring 19.5 cm × 12.5 cm × 17 cm. Primary 
hepatic gastrinoma was diagnosed based on laborat
ory examinations that indicated hypergastrinemia and 
a positron emission tomography/magnetic resonance 
study with somatostatin analogue that confirmed the 
liver as the primary site. After hepatic trisegmentectomy 
(Ⅱ, Ⅲ, Ⅳ, Ⅴ, Ⅷ), the patient’s symptoms improved. 
The case is notable for the presence of a rare tumor wi
th uncommon dimensions.

Key words: Gastrinoma; Primary hepatic gastrinoma; 
Zollinger-Ellison syndrome; Hepatic trisegmentectomy;  
Gastric surgery

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Primary hepatic gastrinoma is a very rare di
sease. Due to its location in an organ in which meta
stases are common, its diagnosis is difficult. We report 
a case of a 19 years old male patient with a history of 
gastric ulcers since the age of nine. Hypergastrinemia 
and a PET/MR study with somatostatin analogue co
nfirmed that the liver was the primary site. After hepat
ic trisegmentectomy, the patient’s symptoms improved. 
The case is notable for the presence of a rare tumor 
with uncommon dimensions.

Pipek LZ, Jardim YJ, Mesquita GHA, Nii F, Medeiros KAA, 
Carvalho BJ, Martines DR, Iuamoto LR, Waisberg DR, 
D’Albuquerque LAC, Meyer A, Andraus W. Large primary hepa
tic gastrinoma in young patient treated with trisegmentectomy: 
A case report and review of the literature. World J Hepatol 
2018; 10(7): 517-522  Available from: URL: http://www.
wjgnet.com/1948-5182/full/v10/i7/517.htm  DOI: http://dx.doi.
org/10.4254/wjh.v10.i7.517

INTRODUCTION
Zollinger-Ellison syndrome[1] is characterized by gas
tric hypersecretion, resulting in peptic disease and 
diarrhea[2]. Diagnosis is confirmed by gastrin levels of 
over 1000 pg/mg. This syndrome was first described 
by Zollinger and Ellison[2] in 1955. With an incidence 
of around 0.5 to 2 per million, the majority of patients 
are diagnosed between 20 and 50 years of age, with 
a higher prevalence among men. The majority of gas­
trinomas are sporadic, and 20%-30% are associated 
with type 1 endocrine neoplasias, NEM-1[3].

The classical clinical presentation of the syndrome 
is the presence of abdominal pain (75%) and chronic 
diarrhea (73%). Half of patients present with burning 

as a result of gastroesophageal reflux. There is still a 
significant population (17%-25%) that presents with 
weight loss and gastrointestinal bleeding[4]. Over 90% 
of cases of gastrinomas are present in the so-called 
“gastrinoma triangle”, delimited by the cystic duct, the 
junction between the second and third portions of the 
duodenum, and the junction between the colon and the 
pancreatic body. Occasionally, gastrinomas have also 
been described in other areas, including lymph nodes, 
biliary tree, ovaries, kidneys, heart, gallbladder, omen­
tum, and liver[5-7]. This article describes a case of prima­
ry hepatic gastrinoma in a 19 years old hypergastremic 
patient who underwent hepatic trisegmentectomy to 
remove the tumor.

CASE REPORT
A male patient, 19 years of age, was referred as a re­
sult of intermittent abdominal pain over the previous 
10 years. He reported an attack of diffuse abdominal 
pain for 1 month at the age of nine. At that time, a 
gastric ulcer was diagnosed, and due to the failure of 
clinical treatment, he underwent antrectomy with va­
gotomy in another service. In the years following the 
surgery, the patient presented sporadic episodes of 
non-specific diffuse abdominal pain associated with 
nausea and vomiting. Diarrhea was also present, but 
dyspeptic characteristics were not. During that time, 
emergency treatment was sought with regularity, wi­
th improvement following clinical treatment. A loss of 
around 16 kg of body weight was reported over the ye­
ar prior to admission to our service (from 68 to 52 kg).

Upper digestive endoscopy was carried out. In the 
third distal, close to the esophageal transition, the 
mucosa was pearlescent and thickened, which was 
associated with confluent erosions larger than 5 mm. 
This covered 100% of the circumference of the organ, 
with ulcerations and fibrin (intense erosive distal esop­
hagitis-Los Angeles Class D). Furthermore, an image 
compatible with extrinsic compression of the stomach 
was revealed (Figure 1).

Computed tomography (CT) and magnetic reson­
ance (Figure 2) were carried out, showing increased 
dimensions of the liver, as the result of a voluminous 
expansive hypervascularized lesion with necrotic centr­
al areas. Involvement in the portal vein was identified, 
and the mass mainly occupied the central portion of the 
liver and hilum, affecting segments Ⅰ, Ⅱ, Ⅲ, Ⅳ, Ⅷ and 
measuring 19.5 cm × 12.5 cm × 17.0 cm.

A biopsy was carried out with the following immuno-
histochemical characteristics: cytokeratin 7 negative, 
cytokeratin 20 negative, chromogranin positive, syn­
aptophysin positive, CD99 positive, Hep par 1 negati­
ve, polyclonal CEA positive (standard cytoplasma and 
membrane), and Ki 67 positive (around 5%). It was 
concluded that the profile was compatible with a well-
defined neuroendocrine tumor (NET Grade 2). The 
diagnosis was confirmed by the discovery of gastrin hyp­
ersecretion, via chemiluminescence, with a resulting 
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carried out - PET-MR - with somatostatin analogue 
(Figure 3). The examination was carried out following 
the administration of 2.7 mCi of Galium-68-DOTA-Oc­
treotate (68Ga-DOTATATE) intravenously. The exam­
ination showed a relatively well-defined expansive 
lesion on the liver, with lobulated contours, situated in 
the left lobe. Heterogeneity in T2 and an anomalously 
high concentration of radiopharmacus was noted. It was 
heterogeneously distributed, with central and periph­
eral areas with hypoconcentration of radiotracer (which 
can correspond to necrosis/liquefaction), measuring 
around 18.1 cm × 11.3 cm at the largest axes. Contact 
and constriction of the inferior vena cava, which was 
permeable, were sustained. There were no signs of inv­
asion of the head or body of the pancreas.

From these examinations it was possible to con­
firm the diagnosis of primary hepatic gastrinoma and 
to recommend surgical resection. Prior to the surgical 
procedure, there were a number of intracavity adher–
ences. Hepatic trisegmentation (Ⅱ, Ⅲ, Ⅳ, Ⅴ, Ⅷ) was 
carried out (Figure 4), identifying a large volume ma­
ss, mainly occupying the left lobe of the liver. Segm­
ents Ⅴ and Ⅷ were most affected, with atrophy in 
segment Ⅱ, as well as compensatory hypertrophy in se­
gments Ⅵ and Ⅶ. The remaining liver maintained app­
roximately 80% of the volume of a functional liver. The 

value of 6709.0 pg/mL.
Considering that the liver is a common location for 

metastasis, it was important to define whether or not 
the tumor was primary. To do this, positron emission 
tomography associated with magnetic resonance was 

A B

Figure 1  Upper digestive endoscopy showing intense erosive distal esophagitis and extrinsic compression of the stomach. A: Intense erosive distal 
esophagitis; B: Extrinsic compression of the stomach.

A B C

Figure 2  The computed tomography of hepatic lesion. A and B: Computed tomography showing a voluminous heterogeneous hepatic lesion, with a neoplasic 
aspect and dimensions 19.5 cm × 12.5 cm × 17.0 cm; C: Compression of the right hepatic vein.

Figure 3  Positron emission tomography associated with magnetic res­
onance with somatostatin analogue confirmed that the liver was the pr­
imary site of the tumor.
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patient was readmitted in the early postoperative pha­
se with abdominal pains and leaking of bile through the 
drain due to a biliary fistula. The patient was submitt­
ed to a surgical procedure with a good outcome. Six 
months after the resection, the patient was well, had no 
relapses, and had a gastrin level of 40.5 pg/mL. At 1 
year after the surgery, exam showed a gastrin level of 
89.2 pg/mL. The normal range of gastrin is 13 to 115 
pg/mL. 

DISCUSSION
Zollinger-Ellison syndrome (ZES) is predominantly 
sporadic, although in 20%-30% of cases its origin is 
type 1 multiple endocrine neoplasia (MEN1). MEN 1 is 
a genetic disease that occurs in the gene MEN1, leadi­
ng to the formation of various neoplasias; pancreatic 
endocrine tumors, pituitary adenomas, and hyperplasia 
of the parathyroid are the most prevalent. Despite the 
evidence of ulcers in this patient at the age of nine, 
ZES should be considered, principally because of the 
patient’s history and hypergastrinemia. There was no 
report of the occurrence of MEN1 together with primary 
hepatic gastrinoma, including in our case.

Gastropancreatic neuroendocrine neoplasias, wh­
ich can cause ZES, are classified according to their 
prognosis. Well-defined neuroendocrine tumors have 
a clinical course that is much less aggressive and can 
be subclassified as G1 (Ki-67 < 3) and G2 (Ki-67 of 
3%-20%), according to the Ki-67 index that assess­
es the level of differentiation of cells in tissue. Poorly 
defined tumors are in category G3, presenting Ki-67 > 
20%. Histopathological analysis of the patient’s tumor 
revealed a Ki-67 of 5% (G2)[8]. The most common ga­
strinomas, duodenal and pancreatic, present a mean 
diameter of 1 and 3 cm, respectively[9]. The tumor in 
this case had dimensions of 19.5 cm × 12.5 cm × 17.0 
cm.

Primary ectopic gastrinomas are neuroendocrine tu
mors located outside of the triangle of gastrinoma and 
are responsible for less than 10% of cases. One speci­
fic site in which they occur is the liver, with only 26 cas­
es described in the literature in a review from 2012[10]. 

In recent years, there were a few more cases described, 
but the total number is still very low. According to a re­

cent study[11], in ZES patients, primary gastrinomas of 
the liver were the second most common extrapancrea­
tic, extraintestinal site for a primary gastrinoma and 
may metastasize to regional lymph nodes. Compared 
with typical ZES patients, the epidemiology of primary 
hepatic gastrinoma is a little different. The patients are 
generally affected much younger, with a predominance 
of males and no association with MEN 1, as it was in our 
case[12].

This rare hepatic gastrinoma is slow growing, with 
around 65% of cases malignant and 30%-40% of tho­
se cases being metastatic at initial presentation. This 
relatively high rate of metastases arises from the dif­
ficulty of diagnosis, especially in palliative care and hep­
atic metastases[13]. Despite this, our patient did not 
present metastases in radiological examinations.

A clinical presentation of ZES similar to gastroes­
ophageal reflux can lead to treatment with proton-pu­
mp inhibitors. This medication masks the symptoms and 
alters gastrin levels, prolonging the time necessary to 
identify the real cause of the disease. A study[14] showed 
that prior to widespread use of proton-pump inhibitors 
(before 1985), the rate of metastases was only 19%. 
Ten years later, this number had risen to 55%. Prior to 
the advent of proton-pump inhibitors, partial and full ga­
strectomies were common to reduce the incidence of 
ulcers. In the report of this case, the fact that the patie­
nt had previously undergone antrectomy with vagotomy 
meant that his symptoms were less apparent than they 
would otherwise have been.

A second factor that can complicate diagnosis is 
related to the morphofunctional characteristics of the 
liver. It is known that the liver is a common site of me­
tastasis for a variety of tumors, and classifying the 
neoplasia as primarily hepatic requires some examin­
ations to confirm the absence of other primary sites. 
One of the examinations currently used is PEC/CT 
with 68 gallium-dotatate. This radiopharmacum is as­
sociated with computerized tomography and is a som­
atostatin analogue, which allows the identification of 
tumors[15]. The sensitivity of the examination was 93% 
(95%CI: ± 2%) and the specificity was 91% (95%CI: 
82%-97%), as identified in a meta-analysis[9]. Once 
the neuroendocrine tumors present somatostatin re
ceptors, it is possible to confirm whether the hepatic 

A B C

Figure 4  Intraoperative appearances. A: After hepatic posterior sector mass separation; B: Aspect of the remaining liver after surgical removal; C: Surgical piece.
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gastrinoma is primary or the result of metastasis[16,17]. 
In this case, the existence of a single focus in the liver 
combined with a high level of gastrin highly sugges­
ted it as a primary site. Is important to emphasize the 
importance of the follow up of gastrin levels to ensure 
that there is not a small small duodenal primary ga
strinoma that could not have been detected in the PET/
CT and surgery[11].

Despite few reported cases, surgical resection sh­
ould be the treatment of choice and, furthermore, the 
only chance of a cure. The rate of success in these 
cases is 86%, and 60% present early postoperative 
eugastrinemia, 40% after five years. In the event th­
at surgery is not possible, such as in cases of diffuse 
metastasis or comorbidities, it is possible to follow con­
ventional treatment: Ablation by radiofrequency, ch­
emotherapy (doxorubicin, streptozocin, 5-fluorouracil), 
interferon, and transplantation[13]. A study with 160 
patients with gastrinoma showed that 15-year disease-
related survival was 98% for operated and 74% for 
unoperated (P = 0.0002)[18]. 

In conclusion, primary hepatic gastrinomas are 
extremely rare tumors that cause Zollinger-Ellison sy­
ndrome. Due to their clinical presentation and the liver 
being a significant site of metastases, diagnosis of 
the disease is time consuming and difficult. Following 
diagnosis, the treatment of choice is surgery, and, in 
cases where there are no metastases, the prognosis 
is good. Therefore, it is important to diagnose properly 
the primary gastrinoma.

ARTICLE HIGHLIGHTS 
Case characteristics
Primary hepatic gastrinoma in a 19 years old hypergastremic patient who un­
derwent hepatic trisegmentectomy to remove the tumor.

Clinical diagnosis
Primary hepatic gastrinoma.

Differential diagnosis
Gastrointestinal tumors, MEN 1.

Laboratory diagnosis
Gastrin levels were 6709.0 pg/mL before surgery. After the procedure it was 
40.5 pg/mL.

Imaging diagnosis
Computed tomography (CT) showed a voluminous heterogeneous hepatic 
lesion, with a neoplasic aspect and dimensions 19.5 cm × 12.5 cm × 17.0 cm.

Pathological diagnosis
Histopathological analysis of the patient’s tumor revealed a Ki-67 of 5% (G2).

Treatment
Hepatic trisegmentectomy.

Term explanation 
Gastrinoma: A gastrinoma is a tumor that secretes an excess of gastrin, leading 
to ulceration in the duodenum, stomach, and the small intestine.

Experiences and lessons
Primary hepatic gastrinoma is a very difficult to diagnose. Meticulous exa­
mination is necessary for appropriate diagnosis and treatment.
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Abstract
Right-sided ligamentum teres (RSLT) is a congenital ano
maly in which the right umbilical ligament becomes domi
nant and anomalous ramifications of the hepatic vessels 
and biliary system are present. A male patient in his 70s 
was diagnosed with advanced gallbladder cancer directly 
infiltrating the right hepatic duct (RHD), together with 
RSLT. Preoperative three-dimensional simulation of the 
liver based on multiple detector computed tomography 
images after cholangiography revealed ramifications of 
all segmental portal veins from the portal trunk and dis
cordance of the arterial and biliary branching patterns 
of segment 8. Fusion analysis of the biliary architecture 
and segmental volumetry showed that the RHD drained 
segments 1r, 5, 6, and 7. We successfully performed a 
modified right-sided hepatectomy sparing segment 8 (i.e. , 
resection of the RHD drainage territory), with negative 
surgical margins. This report is the first to describe major 
hepatectomy for advanced gallbladder cancer with RSLT. 

Key words: Right-sided ligamentum teres; Hepatectomy; 
Gallbladder cancer; Preoperative liver simulation; Anomaly 
of the portal vein

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Right-sided ligamentum teres (RSLT) is a conge
nital anomaly that involves anomalous ramifications of the 
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hepatic vessels and biliary system. A male in his 70s with 
RSLT was diagnosed with advanced gallbladder cancer 
directly infiltrating the right hepatic duct (RHD). Based on 
preoperative liver simulation, we successfully performed 
a modified right-sided hepatectomy sparing segment 8, 
which corresponded to resection of the RHD drainage 
territory (segments 1r, S5, S6, and S7), with negative 
surgical margins. This report is the first to describe major 
hepatectomy for advanced gallbladder cancer with RSLT. 

Goto T, Terajima H, Yamamoto T, Uchida Y. Hepatectomy for 
gallbladder-cancer with unclassified anomaly of right-sided 
ligamentum teres: A case report and review of the literature. World 
J Hepatol 2018; 10(7): 523-529  Available from: URL: http://www.
wjgnet.com/1948-5182/full/v10/i7/523.htm  DOI: http://dx.doi.
org/10.4254/wjh.v10.i7.523

INTRODUCTION
Right-sided ligamentum teres (RSLT) is a rare congenital 
anomaly in which the umbilical ligament on the left side 
atrophies and the right ligament becomes dominant at 
the 7-mm embryo stage[1]. The incidence of RSLT has 
been reported to be 0.2%-1.2% in adults[1,2]. RSLT is 
associated with anomalous ramifications in the arterial, 
portal vein, and biliary systems; therefore, precise eval
uation of the branching patterns of the vascular and bi
liary architecture is required to avoid injuring the hepatic 
vasculature of the remnant liver[3-5]. Recent papers have 
demonstrated the significance of three-dimensional (3D) 
liver simulation before hepatectomy in RSLT patients to 
determine surgical strategies, such as the hepatectomy 
procedure and the cutting plane[6-8]. For gallbladder can
cer, macroscopically complete surgical resection with 
negative microscopic margins remains the only poten
tially curative treatment, and major hepatectomy, such 
as extended right hepatectomy, is usually required for 
locally advanced gallbladder cancer[9]. This case report 
is the first to describe major hepatectomy for advanced 
gallbladder cancer concomitant with RSLT. 

CASE REPORT
A male patient in his 70s was incidentally diagnosed 
with a gallbladder tumor by computed tomography 
(CT) during a preoperative examination of an inguinal 
hernia. He had no appreciable disease and had a good 
exercise tolerance. Laboratory tests showed normal 
levels of carcinoembryonic antigen and CA19-9. Hyper
bilirubinemia was not observed. The indocyanine green 
(ICG) retention rate at 15 min was 3.6%; the normal 
range is less than 10%[10]. The patient’s Child-Turcotte-
Pugh score was 5 points, Grade A[11]. An abdominal 
contrast-enhanced CT scan showed an atrophied gall
bladder with tumor-like localized wall thickness enhanced 
by contrast medium, strongly suggesting the possibility 
of gallbladder cancer. The gallbladder was attached to 
the left side of the liver and complicated variations of 

the intrahepatic vascular architecture were detected, 
suggesting RSLT (Figure 1A-E). Endoscopic retrograde 
gallbladder drainage (ERGBD) was performed for cyto
logical examination of bile in the gallbladder and adeno
carcinoma was detected two consecutive times (Figure 
1F). To prevent obstructive jaundice and to evaluate 
horizontal extension of the tumor along the bile duct, 
ERGBD was switched to endoscopic nasobiliary drainage 
(ENBD) one week later. Two ENBD tubes were placed 
both in the right hepatic duct (RHD) and the left hepatic 
duct (LHD). ENBD tube cholangiography demonstrated 
a severe stenotic change of the RHD, and the confluence 
of the LHD and the common bile duct was intact (Figure 
1G-I). No metastases of lymph nodes and distant organs 
were detected by CT scanning. Based on these findings, 
the patient was diagnosed with advanced gallbladder 
cancer with direct infiltration of the RHD rather than hilar 
cholangiocarcinoma. The gallbladder carcinoma was 
classified as cStage ⅢA (T3; right bile duct, N0, M0) 
according to the Union for International Cancer Control 
system[12]. Considering the patient’s eligibility for radical 
surgery, we finally determined that right-sided major 
hepatectomy with resection of the RHD drainage territory 
was required.

Preoperative simulation was performed to plan the 
hepatectomy using multiple detector CT (MDCT) with a 
slice thickness of 1 mm after contrast cholangiography 
through an ENBD tube. After a quarto-phase (non-
contrast, arterial, portal venous, and hepatic venous 
phases) contrast study was performed, two-dimensional 
CT images were transferred to a workstation (SYNAPSE 
VINCENT: FUJIFILM Medical Co., Ltd., Tokyo, Japan), 
and 3D images were automatically constructed for some 
areas and manually constructed for other areas. The 
intrahepatic vasculature was reconstructed at the 4th 
order division level (Figure 2A) and was verified by 4 liver 
surgeons independently. We labeled each sub-segment 
following the Couinaud classification[13] and the Brisbane 
2000 terminology of Liver Anatomy and Resections[14] 
to define the anatomical divisions of the liver (Figure 2B 
and C). All segmental portal branches were separately 
ramified from the portal trunk (Figure 2D). No arterial 
anomalies were detected (Figure 2E). Bile duct analysis 
demonstrated that the bile duct of segment 8 (B8) was 
ramified from the LHD, and the RHD drained segments 5, 
6, and 7. The bile duct of the right side of segment 1 (B1r) 
was ramified from the RHD, and the bile duct of the left 
side (B1l) was ramified from the LHD (Figure 2F). 

Based on this simulation, resection of the gallbladder 
bed and the RHD drainage territory (segments 1r, 5, 6, 
and 7) was planned (Figure 3). The future liver remnant 
(FLR) volume was 605 mL. The plasma clearance rate of 
ICG in the FLR (calculated as the plasma clearance rate 
of ICG × the proportion of the FLR) was 0.131; 0.05 is 
the cut-off value for predicting mortality and morbidity[15]. 
The functional count rate of the FLR according to tech
netium-99m diethylenetriamine pentaacetic acid galac
tosyl human serum albumin scintigraphy was 50.2%[16]. 
The hepatic artery of segment 8 (A8) branched from the 
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surgical time was 682 min, and the estimated blood loss 
was 430 g. 

Pathological examinations demonstrated well-diffe
rentiated tubular adenocarcinoma of the gallbladder with 
direct invasion of the liver parenchyma and the RHD 
(Figure 8). The tumor cell invaded to the RHD wall, but 
not into the lumen. Surgical margins were pathologically 
negative, and the tumor was classified as pStage Ⅲ A 
(T3; liver bed and right bile duct, N0, M0). Postoperative 
contrast-enhanced CT showed no ischemic regions in 
the remnant liver, including the spared segment 8. The 
patient was discharged 8 d after surgery without any 
complications more severe than a Grade Ⅱ Clavien-
Dindo classification[18]. Five months after surgery, solitary 
liver metastasis in segment 2, far from the surgical 
stump, was detected during adjuvant chemotherapy 
with gemcitabine. The liver metastasis disappeared on 
imaging analysis after 2 cycles of chemotherapy with 
gemcitabine plus cisplatin (GC). The patient underwent 
ileocecal resection for primary ascending colon cancer 7 
months after surgery; thereafter, an additional 13 cycles 
of GC therapy were continued. Multiple mediastinal 
lymph node metastases were identified 18 mo after 
surgery, and second-line chemotherapy with S-1 was 
introduced. The patient has currently survived 26 months 
after hepatectomy. 

DISCUSSION
This report is the first to describe major hepatectomy for 
curative resection of advanced gallbladder cancer with 
RSLT. Preoperative simulation enabled visualization of 
the complicated anatomical findings of the intrahepatic 
vascular and biliary architecture and provided valuable 
assistance in performing resection of the RHD drainage 
territory without injuring the hepatic vasculature of the 
remnant liver.

The anomalies associated with RSLT may lead to sev
eral surgical problems during hepatectomy. In the most 
common cases (e.g., an independent ramification of the 
right lateral portal pedicle), a surgeon’s misunderstanding 
and ligation of the left portal trunk result in a lack of 
portal flow in two-thirds of the whole liver during left 
hepatectomy[3]. Therefore, awareness of the type of 
anomaly is important before planning hepatectomy for 
patients with RSLT[1,3,4]. In 1997, Nagai et al[1] reported 
two types of portal vein classifications of RSLT, and later, 
Shindoh et al[3] and Nishitai et al[4] demonstrated the 
classification of arterial, portal, and biliary ramifications. 
Portal ramification patterns were classified into three 
types: Independent right lateral, bifurcation, and trifur
cation. Our case may be defined as an unclassified type 
because four sectional portal branches did not exist, and 
all subsegmental branches were directly ramified from 
the portal trunk. In the bifurcation type, P4 runs from 
the right paramedian branch to the left paramedian 
area beyond the middle hepatic vein (MHV). However, 
our case showed that P4 was ramified from the main 
portal trunk and did not run beyond the MHV. Therefore, 

right hepatic artery, while B8 branched from the LHD. 
During laparotomy, the gallbladder was located on 

the left side of the RSLT (Figure 4). After mobilization of 
the right lobe, lymphadenectomy of the hepatoduodenal 
ligament was performed. The common bile duct and 
LHD were divided, resulting in pathologically negative 
surgical margins, followed by parenchymal dissection of 
the gallbladder bed. All portal and arterial branches of 
segments 5 to 8 were extrahepatically separated and 
taped. Each pedicle was temporarily clamped, and the 
intrahepatic blood flow was simultaneously monitored 
via ultrasonography. After dividing all inflow vessels of 
segments 5 to 7, the demarcation line was detected 
as preoperatively simulated (Figure 5). The liver par
enchyma was transected using a Cavitron ultrasonic 
surgical aspirator and saline-coupled bipolar electro
cautery[17], with an intermittent Pringle maneuver. After 
dividing the right hepatic vein, the specimen was exci
sed (Figure 6). Hepaticojejunostomy to the LHD and 
jejunojejunostomy were conducted, and the operation 
was successfully completed as planned (Figure 7). The 

A B C

D E F

G H I

Figure 1  Contrast-enhanced computed tomography, cytological examination 
of bile, and endoscopic retrograde cholangiography. A, B and C: The highly 
atrophied gallbladder (yellow arrow) had tumor-like localized wall thickness 
enhanced by contrast medium; D: The cul-de-sac of the right-sided umbilical portion 
is shown; E: The gallbladder (yellow arrow) is located on the left-sided liver bed. 
Direct infiltration of the tumor into the right hepatic artery (red arrow) is not evident; 
F: Cytological examination of bile obtained from endoscopic retrograde gallbladder 
drainage demonstrated atypical cells with a high nucleo-cytoplasmic ratio, 
strongly suggesting adenocarcinoma; G: Endoscopic retrograde cholangiography 
shows severe stenosis of the right hepatic duct (yellow arrowhead); H and I: The 
gallbladder tumor (yellow arrow) directly spreads to the nearby right hepatic duct 
where an endoscopic nasobiliary tube was placed. 
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performing a conventional anatomical hepatectomy 
was difficult, and each subsegmental portal vein branch 
from the portal trunk had to be identified and divided. 
Hepatic arterial ramification patterns are classified into 3 
types: Independent ramification of the left hepatic artery, 
common trunk formation between the left hepatic artery 
and the ventral branch of the right paramedian artery, 
and replaced left hepatic artery from the left gastric 
artery. Our case is classified as the first type. Intrahepatic 
bile duct confluence patterns are classified into 4 types: 
Symmetrical, independent right lateral, total left, and 
total right. Our case corresponds to the independent 
right lateral type, in which the LHD drains the right para

median section.
No specific relationship has been reported among the 

patterns of the biliary, portal, and arterial ramifications 
in RSLT livers[4]. Embryologically, the portal ramifications 
induce restructuring of the ductal plate that surrounds 
them in the future intrahepatic ducts, which results in 
a periportal position of the intrahepatic bile ducts[19]. In 
principle, the formation of hepatic arteries follows the 
portal venous tributaries, and dissociations between the 
portal venous system and bile duct system have been 
reported[20]. Therefore, an uncorrelated pattern of portal 
vein and bile tree ramifications is possible. In our case, 
however, the arterial ramification pattern differed from 
the biliary confluence pattern; A8 was ramified from the 
right hepatic artery, and B8 entered into the LHD. This 
report is the first to describe an artery and bile duct that 
were not parallel. If the vascular and biliary anatomies of 
the expected remnant liver in major hepatectomy with 
hilar lymphadenectomy for hepatobiliary malignancies 
are extremely complicated, as in this case, hepatic resec
tion with the Glissonian approach[6] is difficult to perform. 
Step-by-step extrahepatic division of all vasculature 
through hilar dissection based on precise preoperative 
simulation is the safest and most secure surgical strategy, 
as described in this paper. 

Anomalies of the intrahepatic portal vein are not 
rare[2,21]. However, in our case, all subsegmental portal 
veins were ramified from the portal trunk extrahepa
tically. Therefore, we could intentionally encircle all portal 
branches in accordance with the detailed preoperative 
simulation. Although conventional right hepatectomy 
was also planned as an alternative, the infiltration of the 
tumor to the right hepatic artery was not evident from 
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Figure 2  Preoperative simulation. A: An “all-in-one” simulation image. The intrahepatic vasculature was reconstructed at the 4th order division level (red: hepatic 
artery, pink: portal vein, green: bile duct, yellow: Gallbladder, blue: hepatic vein); B and C: Simulated segmentation based on the portal venous flow. Couinaud’s 
definition was referred to for the naming of each segment; D: All segmental portal branches were ramified from the portal trunk. Interestingly, a common trunk of P5 
and P6 was present; E: Hepatic arterial ramification without anomalous anatomy; F: The bile duct of segment 8 (B8) was ramified from the left hepatic duct, not from 
the right hepatic duct. RHD: Right hepatic duct; LHD: Left hepatic duct.
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Figure 3  Simulation of modified right-sided hepatectomy. The resection 
area corresponded to the drainage territory of the right hepatic duct (segments 
1r, 5, 6, and 7, blue area).
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the intraoperative findings; therefore, modified right-
sided hepatectomy was possible, as simulated. 

Liver simulation, particularly 3D modeling and virtual 
planning, offers a new approach to liver resection, as 
reported by several groups[22-24]. Liver simulation has led 
to significantly shorter surgical times, and the predicted 
liver volume to be resected appears to correlate well 
with the actual resected liver weight[23]. Preoperative 

simulation has become a common practice in Japan 
because simulation software has been developed and 
has become commercially available, and the cost of pre
operative liver simulation has been covered by national 
health care insurance since 2012[25]. The fusion image 
of the portal vein and bile duct is useful for hepatectomy 
with RSLT because both the symmetrical type and the 
total left type of bile duct confluence patterns are simi
lar to the ramification pattern of the normal liver, and 
cholangiography alone may provide misleading infor
mation for the operation[4]. The fusion image from one 
examination modality is referred to as an “all-in-one” 
(bile ducts, arteries, and portal veins) 3D image, in which 
MDCT is performed after cholangiography using carbon 
dioxide or iodine[24]. We strongly recommend structuring 
“all-in-one” 3D simulation images when planning hepa
tectomy with RSLT to evaluate the horizontal and perpen
dicular spreading of a tumor and its influence on the sur
rounding intrahepatic vasculature. 

A systematic review of preoperative liver simulation 
and navigation has demonstrated the characteristics of 
the ideal simulation and navigation tool[26]. Simulation 
can accurately predict the liver volume to be resected, 
even by complicated anatomical resection procedures, 
and permits stereotactic measurement of the length 
of the surgical margin, which could not be estimated 
previously[27]. In this case, the most useful contribution 

RSLT

*

*Gallbladder tumor

Figure 4  Hepatic hilar view during the operation. The gallbladder was 
located at the left side of the right-sided ligamentum teres (RSLT). 

Figure 5  Demarcation line after dividing all arterial and portal branches of 
segments 1r, 5, 6, and 7.

Left hepatic duct
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RHA

P5/6

A5/6

P7

A7

A8
(preserved)

CHA

GDA
PHA

PV

Figure 6  Final view of the hepatic hilum after hepatectomy. The portal and 
hepatic arterial branches of segment 8 were preserved. A common trunk of P5 
and P6 was detected during the operation, which was confirmed by ischemic 
changes in S5 and S6 after clamping the target branch. 

Figure 7  Final view after hepaticojejunostomy. The ligamentum teres originated 
from the main portal trunk and ran between S4-6 and S4-7.

T

RHD bile

RHD

T

Figure 8  Pathological examination. Pathological examination shows well-
differentiated tubular adenocarcinoma of the gallbladder (T) with direct invasion 
of the liver parenchyma and the right hepatic duct (RHD: white arrow). The 
tumor cell invaded to the RHD wall, but not into the lumen (yellow arrowhead) 
(hematoxylin eosin saffron, original magnification × 20).

Goto T et al . Hepatectomy for gallbladder cancer with RSLT



528 July 27, 2018|Volume 10|Issue 7|WJH|www.wjgnet.com

of liver simulation was the combination of volumetry with 
the 3D structure of the intrahepatic vasculature. Using 
volumetry, we could not only calculate the cubic content 
but also visualize the parenchymal shape that each 
subsegmental portal branch dominated. By comparing 
each subsegmental area with the 3D structure of the 
right-sided biliary trees, we could exactly determine the 
hepatic territory to be resected and divide the portal 
pedicles in the proper sequence, as simulated. Simulation 
also enabled us to perform a parenchyma-preserving 
hepatectomy, which may contribute to safe and curative 
resection in selected cases with liver neoplasm in the 
right anterior resection region[28]. Takamoto et al[29] 
demonstrated accurate, completed drawings and surgical 
strategies for malignant liver tumors to execute anatomic 
segmentectomy and subsegmentectomy using 3D simu
lation. We also successfully performed parenchyma-pre
serving anatomical resection at the 3rd order division level 
for oncologically curative resection based on a precise 
preoperative analysis. The current 3D simulation system 
cannot be used as a real-time navigation tool during 
surgery[29], and the development of new technology is 
ongoing.

In conclusion, 3D simulation based on precise intra
hepatic vascular and biliary analysis enabled accurate 
and oncologically curative hepatic resection, even in a 
patient with rare anatomical anomalies. 

ARTICLE HIGHLIGHTS
Case characteristics
A healthy and asymptomatic male in his 70s was incidentally diagnosed with a 
gallbladder tumor by preoperative computed tomography (CT) scanning for an 
inguinal hernia.

Clinical diagnosis
The patient, who had right-sided ligamentum teres (RSLT) with abnormal 
vascular anomaly, was diagnosed with advanced gallbladder cancer invading 
the right hepatic duct (RHD, cStage Ⅲ A, T3; right bile duct, N0, M0).

Differential diagnosis
Based on 2 important findings, including a solid tumor-like appearance of 
the highly atrophied gallbladder by CT scanning and cytological evidence of 
adenocarcinoma from bile obtained by endoscopic retrograde gallbladder drainage 
rather than endoscopic nasobiliary drainage, advanced gallbladder cancer with 
infiltration of the RHD was more convincing than hilar cholangiocarcinoma as a 
preoperative diagnosis.

Laboratory diagnosis
Laboratory tests revealed that tumor markers and liver function were within the 
normal ranges.

Imaging diagnosis
Preoperative three-dimensional liver simulation based on multiple detector 
computed tomography scanning combined with endoscopic nasobiliary tube 
cholangiography revealed that all segmental portal veins were independently 
ramified from the portal trunk and that the RHD drained the right-sided liver except 
for segment 8 (segments 1r, 5, 6, and 7).

Pathological diagnosis
Pathological examination showed well-differentiated tubular adenocarcinoma of 
the gallbladder invading the hepatic parenchyma and the RHD.

Treatment
The patient was treated with extended hepatectomy of the RHD drainage 
territory (segments 1r, 5, 6, and 7) without injuring the hepatic vasculature of 
the remnant liver based on preoperative liver simulation.

Related reports
Shindoh et al demonstrated anomalous vascular architecture with right-
sided ligamentum teres (RSLT) and Ome et al reported major hepatectomy 
for RSLT patients. Shindoh J, Akahane M, Satou S, Aoki T, Beck Y, 
Hasegawa K, Sugawara Y, Ohtomo K, Kokudo N. Vascular architecture in 
anomalous right-sided ligamentum teres: Three-dimensional analyses in 
35 patients. HPB (Oxford) 2012; 14: 32-41 [PMID: 22151449 DOI: 10.1111/
j.1477-2574.2011.00398.x]. Ome Y, Kawamoto K, Park TB, Ito T. Major 
hepatectomy using the glissonean approach in cases of right umbilical portion. 
World J Hepatol 2016; 8: 1535-1540 [PMID: 28008345 DOI: 10.4254/wjh.
v8.i34.1535].

Term explanation 
RSLT is a congenital anomaly in which the umbilical ligament on the left side 
atrophies, and it is associated with anomalous ramifications in the artery, portal 
vein, and biliary systems.

Experiences and lessons
Preoperative 3D liver simulation based on precise intrahepatic vascular and 
biliary analysis enabled accurate and oncologically curative hepatic resection, 
even in a patient with rare anatomical anomalies.
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