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Abstract
Purpose:  To  compare  the  diagnostic  accuracy  of  contrast-enhanced  ultrasound  (CEUS)  with  that
of multiphase  computed  tomography  (CT)  in  the  evaluation  of  tumor  response  to  transarterial
chemoembolization  (TACE)  of  hepatocellular  carcinoma  (HCC).
Material  and  methods:  Fifty  patients  (41  men,  9  women;  mean  age,  53  years  ±  12.5  [SD])  with
a total  of  70  HCCs  (mean  size,  5  cm  ±  3  [SD])  were  evaluated.  Post-TACE  therapeutic  assessment
of HCC  was  done  at  4  weeks.  Patients  with  TACE  done  earlier  and  reporting  with  suspicion  for
ed.  Patients  with  hepatic  masses  seen  on  ultrasound  were  enrolled
Trans-arterial recurrence  were  also  includ

chemoembolization;
Comparative  studies

and subjected  to  CEUS,  multiphase  CT  and  magnetic  resonance  imaging  (MRI).  Hyperenhancing
area at  the  tumor  site  on  arterial  phase  of  CEUS/multiphase  CT/MRI  was  termed  as  residual
disease (RD),  the  patterns  of  which  were  described  on  CEUS.  Diagnostic  accuracies  of  CEUS  and
MPCT were  compared  to  that  of  MRI  that  was  used  as  the  reference  standard.
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Results:  CEUS  detected  RD  in  43/70  HCCs  (61%).  RD  had  a  heterogeneous  pattern  in  22/43
HCCs (51%).  Sensitivities  of  CEUS  and  multiphase  CT  were  94%  (34/36;  95%  CI:  81—99%)  and  50%
(18/36; 95%  CI:  33—67%)  respectively.  Significant  difference  in  sensitivity  was  found  between
CEUS and  multiphase  CT  (P  =  0.0001).  CEUS  and  multiphase  CT  had  100%  specificity  (95%  CI:
83—100%).
Conclusion:  CEUS  is  a  useful  technique  for  detecting  RD  in  HCC  after  TACE.  For  long  term  surveil-
lance, CEUS  should  be  complemented  with  multiphase  CT/MRI  for  a  comprehensive  evaluation.
© 2016  Editions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
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ransarterial  chemoembolization  (TACE)  is  a  widely  used
herapeutic  option  for  unresectable  hepatocellular  carci-
oma  (HCC)  as  a  majority  of  patients  with  HCC  are  diagnosed
t  an  advanced  stage  of  the  disease  [1,2].  TACE  involves
he  use  of  intra-arterial  administration  of  chemotherapeutic
rug  emulsion  containing  iodized  oil  (Lipiodol®;  Labora-
oire  Guerbet,  Roissy-Charles  de  Gaulle,  France)  through  the
umor  feeding  artery  followed  by  embolization  thus  produc-
ng  cytotoxic  damage  and  ischemic  necrosis  of  the  tumor.

Accurate  response  evaluation  following  TACE  is  crucial
or  the  management  of  patients  with  HCC.  The  decision  of
ubsequent  therapeutic  planning  (retreatment  or  resorting
o  other  modes  of  therapy)  is  based  on  tumor  response  to
ACE.  Indicators  of  successful  TACE  are  in  the  form  of  tumor
ecrosis  appearing  as  early  as  1—2  months  while  the  changes
f  tumor  shrinkage  invariably  takes  longer  to  occur.  Estima-
ion  of  viable  tumor  tissue  following  TACE  is  done  by  the
odified  response  evaluation  criteria  in  solid  tumor  (mRE-
IST  criteria)  on  multiphasic  computed  tomography  (CT)
r  magnetic  resonance  imaging  (MRI)  [3,4]. These  imaging
odalities  have  high  diagnostic  accuracy  in  evaluating  the

ntire  liver  during  different  phases  of  vascular  enhancement
5—9].

However,  both  techniques  have  limitations  as  well.  Multi-
hasic  CT  involves  radiation  exposure  limiting  its  repetitive
se  and  the  masking  effect  of  the  viable  tumor  by  hyper-
ttenuating  Lipiodol® used  during  TACE  hinders  accurate
nterpretation  of  response  [4,5,10].  MRI  is  superior  to  multi-
hasic  CT  as  the  evaluation  by  highly  sensitive  T2  weighted
equences  and  the  multiphasic  contrast  enhanced  sequences
re  not  hampered  by  the  presence  of  Lipiodol®.  This  makes
RI  a  reference  imaging  modality  for  post  TACE  evaluation

11].  But  high  cost,  infrastructure  and  limited  availability
oses  a  constraint  in  its  wide  usage.  Thus,  there  emerges

 need  to  explore  alternative  imaging  modalities  for  thera-
eutic  assessment.

Contrast-enhanced  ultrasound  (CEUS)  can  depict  tumor
ascularity  based  on  the  intranodular  hemodynamics
12—14].  Earlier  studies  have  focused  mainly  on  the  role
f  CEUS  in  the  diagnosis  of  HCC  and  limited  literature  is
vailable  regarding  tumor  response  to  TACE  [15,16]. Stud-
es  comparing  CEUS  with  other  imaging  techniques  are  also
carce  [17—21].

This  study  was  designed  to  describe  the  patterns  of  resid-

al  disease  on  CEUS  and  compare  the  diagnostic  accuracy  of
EUS  with  that  of  multiphasic  CT  in  the  evaluation  of  tumor
esponse  to  TACE  of  HCC.
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aterials and methods

tudy population

rom  February  2010  to  June  2015,  patients  with  HCC  pre-
enting  to  our  Liver  Clinic  after  undergoing  TACE  were
ncluded  in  this  prospective  study.  Patients  were  of  a  mix
f  two  types  —  those  who  had  TACE  one  month  prior  and
ere  assessed  for  the  first  time  for  tumor  response  and
atients  who  had  developed  complete  response  to  TACE  ear-
ier,  and  were  reported  on  follow  up  with  a  clinical  suspicion
f  recurrence  such  as  like  deterioration  of  liver  function  or
aised  serum  alphafetoprotein  (AFP)  level.  Ethics  clearance
as  obtained  from  the  Institute  Ethics  committee  (IEC/NP-
09/2010)  and  a  written  informed  consent  was  obtained.

The  inclusion  criteria  were:  —  Post  TACE  HCC  patients
f  intermediate  stage,  Barcelona  clinic  staging  classifica-
ion  (BCLC)  B  [5]  with  either  a  single  mass  or  multinodular
CC  (tumor  burden  <  50%  of  the  liver),  entire  mass  seen  on
ltrasound,  and  a  mass  not  larger  than  15  cm.  Patients  with
iffuse  disease  (large  mass  or  multiple  nodules  involving
he  entire  liver),  Child’s  C  cirrhosis,  comorbidities  (coronary
rtery  disease,  cardiac  or  renal  failure)  and  breast  feeding
omen  were  excluded.

Enrolled  patients  underwent  CEUS,  multiphase  CT  and
RI  in  a  random  order  not  more  than  1  to  2  weeks  apart
f  each  other  after  4  weeks  following  TACE.  For  patients
ith  multinodular  HCC,  the  two  largest  masses  (less  than
5  cm)  were  evaluated.  CEUS  was  tailored  to  the  evaluation
f  post  treatment  tumor  response  indicating  complete  or
artial  response  (residual/recurrent  disease),  whereas  mul-
iphase  CT  and  MRI  provided  a  comprehensive  assessment  of
he  liver.  MRI  was  considered  as  the  gold  standard  and  fur-
her  management  was  based  on  MRI  findings.  When  TACE  was
epeated  following  partial  response,  then  a  repeat  assess-
ent  of  that  patient  was  done  by  CEUS,  multiphase  CT  and
RI  at  one  month  post-TACE.  Each  repeat  evaluation  was
onsidered  as  a  new  observation.

ACE procedure

ACE  was  undertaken  through  a  transfemoral  arterial
pproach.  A  superior  mesenteric  artery  and  celiac  axis

ngiogram  were  first  obtained  by  using  5F  RC1  (reverse
urve,  Cook,  Bloomington,  IN,  USA)  or  C1  (Celiac,  Cook,)
iagnostic  catheter  and  0.035-inch  J-tip  guidewire  (Terumo;
erumo  Corporation,  Tokyo,  Japan).  For  approaching
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Response  evaluation  post-chemoembolization  

the  tumor  bed  distally,  either  the  4F  slip  catheter
(VERT  slip-cath  Beacon  Tip® Catheter;  Cook,)  or  2.7F
Progreat® micro-catheter  (Terumo  Corporation)  was  used.
By  superselective  cannulation  of  the  feeding  artery,  a
chemotherapeutic  emulsion  containing  a  mixture  of  epiru-
bicin  (60  mg),  nonionic  iodinated  contrast  material  (10  ml)
and  iodized  oil  (20  ml,  Lipiodol®)  was  delivered  followed  by
embolization  by  gelatin  sponge  slurry  made  from  shaved
Gelfoam® (Upjohn  Company,  Kalamazoo,  MI,  USA)  mixed
with  iodinated  contrast  material.  Complete  absence  of
opacification  of  the  tumor  feeding  artery  was  accomplished
with  retained  Lipiodol®in  the  tumor  bed.  Intra-arterial  lido-
caine  (10  mg,  Xylocard® 2%,  AstraZeneca,  Bangalore,  India)
was  given  between  10-ml  aliquots  of  chemoembolization  to
minimize  pain.

CEUS examination

CEUS  was  performed  on  Siemens  S-2000® or  Supersonic
Imagine® ultrasound  machines  using  second  genera-
tion  ultrasound  contrast  containing  sulphur  hexafluoride,
SonoVue® (Bracco,  Milan,  Italy).  Antecubital  intravenous
access  with  20  gauge  needle  catheter  and  3-way  connector
was  established.  Contrast  was  prepared  in  the  soluble  form
within  the  5  ml  SonoVue® vial  by  shaking  well  with  saline
few  minutes  prior.  Hepatic  mass  was  focused  on  B-mode
ultrasound  and  then  contrast  specific  mode  was  put  on.  A
bolus  injection  of  2.4  ml  of  SonoVue® followed  by  flushing
with  10  ml  of  0.9%  normal  saline  was  given  and  the  timer
switched  on.  Continuous  cine  recording  was  done  while  scan-
ning  in  the  arterial  phase  (10—30  s)  and  portal  venous  phase
(30—120  s)  of  the  liver  followed  by  intermittent  evaluation
in  delayed  phase  at  120  s,  up  to  6  min  [10,22]. After  TACE
procedure,  the  patient  was  observed  for  30  min.  If  a  second
mass  needed  evaluation,  the  procedure  was  repeated  after
30  min  with  another  injection  of  2.4  ml  of  SonoVue®. CEUS
examination  was  focused  only  on  the  treated  target  lesion
(s).  Cine  recordings  were  interpreted  and  findings  noted.

Multiphase CT examination

Multiphase  CT  of  the  liver  was  performed  on  Somatom
Sensation® 40  (Siemens  Healthcare,  Erlangen,  Germany).  An
initial  unenhanced  CT  acquisition  of  the  liver  was  acquired.
Non-ionic  intravenous  iodinated  contrast  material  (80  ml,
Iohexol,  Omnipaque  300,  GE  Healthcare,  Princeton,  NJ,
USA)  was  administered  using  a  pressure  injector  through  an
antecubital  vein  access.  Liver  was  scanned  at  25  s  (arterial
phase),  60  s  (portal  venous  phase)  and  3  min  (delayed  phase)
at  120  kV  and  30—50  mAs  with  5-mm  slice  thickness  with
reconstruction  interval  and  increment  of  1.5-mm.  Trans-
verse  and  coronal  sections  were  obtained.

MRI examination

MRI  examinations  were  performed  using  a  1.5-Tesla  Magne-
tom  Avanto® (Siemens  Healthcare,  Erlangen,  Germany)  unit.
MRI  protocol  consisted  of  two-dimensional  T2-weighted

turbo  spin-echo  sequence,  TRUFI  sequence  and  T1-weighted
(in  and  opposed  phases)  sequences,  axial  and  coronal
sections  of  3D  volumetric  interpolated  breath-hold  (VIBE)
sequences  after  intravenous  administration  of  a  gadolinium
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helate  (Gadobenate  dimeglumine,  Multihance®,  Braco,
ilan,  Italy)  at  a  dose  of  0.1  mmol/kg.  Post  contrast  VIBE

mages  were  obtained  during  the  arterial  phase  (18—20  s),
ortal  venous  phase  (45—60  s)  and  delayed  phase  (3  min).
iffusion-weighted  sequences  were  obtained  using  3b  values
b  =  0,  400,  800  s/mm2)  in  the  transverse  plane.

tudy outcome

he  study  outcome  was  detection  of  tumor  response  in
he  treated  tumor.  Complete  response  (no  residual  disease)
n  all  three  imaging  techniques  (CEUS,  multiphase  CT  and
RI)  was  defined  as  absence  of  any  hyperenhancing  area

enhancement  more  than  the  adjacent  hepatic  parenchyma)
t  the  treated  tumor  site  during  the  arterial  phase  (Fig.  1).

Partial  response  (residual  or  recurrent  disease)  was
efined  as  the  presence  of  hyperenhancing  area  at  the
reated  tumor  site  during  the  arterial  phase  with  hypoen-
ancement  during  the  venous  or  delayed  phase.  If  a  HCC
ad  previously  showed  complete  response  to  TACE  and  sim-
lar  findings  of  hyperenhancing  area  ring  the  arterial  phase
ith  hypoenhancement  during  the  portal  or  delayed  phase
n  follow  up  imaging,  this  was  considered  as  tumor  recur-
ence.

Based  on  the  location  of  the  residual  disease  or  recur-
ent  disease  on  the  atrial  phase  CEUS,  different  patterns
ere  defined  (Fig.  2).  They  consisted  of:  (a),  Peripheral:
yperenhancement  at  the  periphery  of  the  mass  depicting
n  asymmetric  focal  thickness;  (b),  Heterogeneous:  both
yperenhancing  and  hypoenhancing  areas  within  the  tumor;
c);  Homogenous:  entire  tumor  tissue  uniformly  hyperen-
ancing;  and  (d),  Central-focal  hyperenhancement  in  the
enter  of  the  mass.

mage analysis

mage  analysis  was  performed  by  three  independent  experi-
nced  observers  (S.  G.  for  MRI;  S.  B.  P.  for  CEUS  and  E.D.  for
ultiphase  CT).  Each  observer  was  blinded  to  the  findings

f  the  other  two  modalities  of  the  same  patient.  In  doubtful
ases,  the  final  result  of  that  particular  investigation  was
btained  by  consensus.

tatistical analysis

tatistical  analyses  were  performed  using  Stata  (version  12).
ontinuous  data  were  expressed  as  mean,  standard  devia-
ion  (SD)  and  categorical  data  as  proportions.  Presence  of
esidual/recurrent  disease  in  the  target  mass  was  compared
etween  the  three  imaging  modalities.  Sensitivity,  speci-
city,  negative  (NPV)  and  positive  predictive  value  (PPV)
f  CEUS  and  multiphase  CT  in  detecting  residual/recurrent
isease  was  estimated  taking  the  results  of  MRI  as  the
tandard  of  reference  and  expressed  as  percentages  along

ith  95%  confidence  intervals  (CI).  Differences  in  sensitivity
etween  CEUS  and  multiphase  CT  were  searched  for  using
he  McNemar  test.  Statistical  difference  was  considered  for

 P  value  <  0.05.
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Figure 1. A 42-year-old man with hepatocellular carcinoma treated by transarterial chemoembolization (TACE). (a) Simultaneous display
of B mode ultrasound and (b) arterial phase CEUS image shows a large, well-defined, heterogenous mass in segment VII of the liver (arrows
in a). On CEUS image obtained at 28 s (arterial phase) following intravenous administration of SonoVue®, the mass does not contain any
hyperenhancing area within or at the margin (arrows in b) suggesting complete response to TACE and no residual tumor or recurrence.

Figure 2. Four patients with hepatocellular carcinoma (HCC) treated with transarterial chemoembolization (TACE) with different patterns
of residual disease on arterial phase CEUS images obtained after intravenous administration of SonoVue®. (a) A hyperenhancing tumor tissue
is visible at the periphery of a hypoenhancing treated HCC (arrows) corresponding to the peripheral pattern of residual disease. (b) Areas of
enhancement (arrow) representing viable tumor and non-enhancing area of necrosis (asterisk) in the mass treated by TACE, corresponding
to heterogenous pattern of residual disease. (c) Homogeneous enhancement of the entire mass (arrow) suggesting recurrence at 22 months
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esults

ighty  five  HCC  patients  presented  to  our  liver  clinic  after
ACE  (Fig.  3).  Of  these,  35  patients  were  excluded  for
epatic  decompensation  (n  =  5),  large  tumor  size  (n  =  8),  co-
orbidities  illness  (n  =  2),  diffuse  involvement  with  multiple
asses  in  liver  (n  =  11),  refused  evaluation  (n  =  3),  no  mass

een  on  ultrasound  (n  =  4)  and  lost  to  follow  up  (n  = 2).  Thus,
0  patients  with  70  masses  were  evaluated  by  CEUS  (sin-
le  CEUS  in  38  and  repeat  CEUS  in  12  patients).  Each  CEUS
valuation  was  considered  as  one  observation.

Table  1  illustrates  the  characteristics  of  the  patients.
hey  were  41  men  and  9  women  (mean  age,  53  years  ±  12.5

SD];  range;  24—72  years),  Child’s  A  cirrhosis  was  present
n  44/50  patients  (88%)  and  Child’s  B  cirrhosis  in  6/50
atients  (12%).  The  most  common  etiology  of  HCC  was  hep-
titis  B  in  27/50  patients  (54%).  Serum  AFP  was  elevated  in

d
t

 hypoenhancing treated tumor corresponding to the central pattern

4/50  patients  (48%).  Mean  mass  size  was  5  ±  3  cm  (range
.0—15  cm).  Residual  or  recurrent  disease  was  detected  in
3/70  masses  (61%)  with  different  patterns.  An  heteroge-
eous  pattern  was  observed  in  22/43  masses  (51%)  (Fig.  4)
Table  1).

Of the  50  patients  enrolled,  42  patients  with  57  masses
ould  be  evaluated  on  all  the  three  imaging  modalities  of
EUS,  multiphase  CT  and  MRI.  Mean  time  interval  between
ACE  and  imaging  evaluation  was  1.7  months  ±  0.5  (SD)
range:  0.5—3  months)  for  patients  who  underwent  evalu-
tion  post-TACE  for  the  first  time  (n  =  28)  while  for  patients
eing  investigated  for  recurrence  (n  =  14),  the  mean  inter-
al  were  11.6  months  ±  11.1  (SD)  (range:  3.6—24.2  months).
ean  mass  size  was  5.1  cm  ±  2.67  (SD)  (range:  1—15  cm).
The  performances  of  CEUS  and  multiphase  CT  in  the
iagnosis  of  residual/recurrent  disease  were  compared  to
he  results  of  MRI  (Table  2).  Residual/recurrent  disease  was
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Figure 3. Flow diagram of the study.
deemed  present  in  36/57  masses  on  MRI,.  Out  of  these
36  masses,  CEUS  detected  residual/recurrent  disease  in  34
masses  and  missed  residual/recurrent  disease  in  2  masses
yielding  a  sensitivity  of  94%  (34/36;  95%  CI:  81—99%).  Of  the
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Figure 4. A 61-year-old woman with hepatocellular carcinoma (HCC)
illustrates the limitation of multiphase CT. (a) Post TACE unenhanced CT
segment IV A of the liver. The lesion is heterogeneous because of uneven 

(white arrow) and also in the center (black arrow). (b) CT image obtain
of iodinated contrast material shows no tumor enhancement. (c) Contra
administration of SonoVue® shows focal nodular enhancing lesion (arrow)
during the arterial phase following intravenous administration of a gado
after TACE.
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1  masses  with  no  residual/recurrent  disease  on  MRI,  CEUS
ielded  a  specificity  of  100%  (21/21;  95%  CI:  84—100%).  The
PV  and  NPV  of  CEUS  were  100%  (34/34;  95%  CI:  90—100%)
nd  91%  (21/23;  95%  CI:  72—99%),  respectively.

Among  the  36  masses  with  residual/recurrent  disease
n  MRI,  multiphase  CT  detected  residual/recurrent  disease
n  18  masses  and  missed  residual/recurrent  disease  in  18
asses  yielding  a  sensitivity  of  50%  (18/36;  95%  CI:  33—67%)

nd  a specificity  of  100%  (21/21;  95%  CI:  84—100%).  The
PV  and  NPV  of  multiphase  CT  were  100%  (18/18;  95%
I:  81.5—100%)  and  54%  (21/39;  95%  CI:  37—70%),  respec-
ively.  The  44%  difference  in  sensitivity  for  the  detection
f  residual/recurrent  disease  after  TACE  between  CEUS  and
ultiphase  CT  was  statistically  significant  (P  =  0.0001).

iscussion

n  our  study,  marked  difference  in  the  diagnostic  per-
ormance  of  CEUS  and  multiphase  CT  was  observed.  The
ensitivity  of  CEUS  was  much  higher  than  that  of  mul-
iphase  CT  (94%  vs.  50%)  whereas  the  specificities  were
imilar  (100%).  Lower  detection  by  multiphase  CT  could  be

ttributed  to  a  number  of  reasons;  of  them  one  can  be  the
asking  effect  of  Lipiodol® used  during  TACE.  Lipiodol®,  an

ngredient  of  the  chemotherapeutic  emulsion,  acts  as  a  car-
ier  and  remains  for  long  within  the  tumor  and  thus  enhances

 treated with transarterial chemoembolization (TACE). This case
 image in the transverse plane shows hepatocellular carcinoma in
distribution of iodized oil (Lipiodol®) at the periphery of the lesion
ed during the arterial phase following intravenous administration
st-enhanced ultrasound image obtained 18 s following intravenous

 at the periphery of a treated HCC. (d) 3D VIBE MR image obtained
linium chelate confirms residual disease (arrow) in the segment 4
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Table  1  Characteristics  of  the  study  population
(n  =  50).

Variable  Patients
(n  =  50)

Age  (years)
Mean  (SD)  53.0  ±  12.5
Range  [24—72]

Gender
Male  41  (82%)
Female  9  (18%)

Child’s  status
Child  A  44  (88%)
Child  B 6 (12%)

Etiology  of  HCC
HBV  27  (54%)
HCV  10  (20%)
HVOTO  5  (10%)
NASH  3  (6%)
HBV  +  HCV  2  (4%)
Cryptogenic  2  (4%)
Alcoholic  1  (2%)

AFP  (ng/ml)
<20 26  (52%)
21—300  12  (24%)
>300  12  (24%)

Number  of  masses  evaluated  on  CEUS  70
Lesion  size  (cm)

Mean  size  ±  SD  4.9  ±  2.9
Range  [1—15]

Mass  enhancement  on  arterial  phase  n  =  70
Hyper  enhancement 43  (61%)
No  enhancement  27  (39%)

Pattern  of  arterial  phase  enhancement n =  43
Heterogenous  22  (51%)
Peripheral 16  (37%)
Homogenous  2  (5%)
Central  3  (7%)

Note: HCC indicates hepatocellular carcinoma; HBV indicates
hepatitis B virus; HCV indicates hepatitis C virus; HVOTO
indicates hepatic vein outflow tract obstruction; NASH indicates
non-alcoholic steato-hepatitis; AFP indicates alpha fetoprotein;
CEUS indicates contrast enhanced ultrasound; SD indicates
standard deviation.
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Table  2  Relative  performance  of  multiphasic  CT  and  contra
hepatocellular  carcinoma  after  post  TACE  in  42  patients  with  5

Modalities  Sensitivity  Specific

CEUS  34/36  (94)
[81—99]

21/21  (
[84—10

Multiphase  CT  18/36  (50)
[33—67]

21/21  (
[84—10

Note: Numbers are proportions. Numbers in parentheses are percen
indicates contrast enhanced ultrasound. CT indicates computed tom
negative predictive value; CI indicates confidence Interval.
S.B.  Paul  et  al.

he  antitumoral  effect  of  the  chemotherapeutic  drugs.  Being
adiodense,  Lipiodol® is  seen  as  a hyperattenuating  area  in
he  tumor  on  multiphase  CT  and  provides  information  about
he  extent  of  tumor  necrosis  achieved  by  TACE  [23].  Com-
letely  Lipiodol® covered  tumor  on  multiphase  CT  indicates
omplete  response  [11]. However,  the  residual  viable  tumor
lso  appears  hyperattenuating  post  contrast,  quite  similar  to
he  dense  Lipiodol®.  Thus,  differentiation  between  a  small
iable  tumor  and  hyperattenuating  Lipiodol® becomes  diffi-
ult  and  the  tiny  viable  tumor  if  present  may  get  masked  by
imilarly  looking  Lipiodol® [18,24].  Additionally,  Lipiodol®

roduces  beam  hardening  artifacts  on  CT,  which  further
bscure  the  viable  tissue  [18,25].  Quite  frequently,  inho-
ogenous  Lipiodol® deposition  is  visible  on  post  TACE  CT.
his  could  result  from  either  the  presence  of  extrahepatic
umor  supply  or  incomplete  treatment  of  TACE  because  of
ailed  superselective  catheterization  or  inadequate  adminis-
ration  of  chemotherapeutic  drug  emulsion.  [26].  Lipiodol®

evoid  areas  may  either  denote  tumor  necrosis  or  untreated
iable  tissue  [11]. Therefore,  multiphase  CT  is  generally  rec-
mmended  at  4  weeks  post  TACE  so  that  Lipiodol® can  get
ocalized  within  the  tumor  [27].  Despite  this,  assessment
ith  multiphase  CT  remains  challenging.

A  newer  technique  of  TACE  with  drug  eluding  beads
DEB)  does  not  require  the  use  of  Lipiodol® and  thus  accu-
ate  response  assessment  would  be  possible  due  to  lack  of
ipiodol® hazards.  Comparison  of  outcome  of  Lipiodol® TACE
nd  DEB-TACE  has  shown  superiority  of  MRI  over  multiphase
T  in  the  former  and  similar  outcome  in  the  DEB-TACE  group
18]. The  role  of  CEUS  in  these  cases  needs  further  evalua-
ion.

CEUS  evaluation  is  not  affected  by  the  presence  of
ipiodol®.  Small  volume  of  ultrasound  contrast  agent  can
elineate  even  a  tiny  viable  tissue  by  producing  greater  arte-
ial  enhancement  that  CT  or  MRI.  [28].  CEUS  can  accurately
ssess  tumor  reponse  as  early  as  one  week  post-TACE  [29].
ssessment  at  4  weeks  post  TACE  by  CEUS  has  shown  supe-
ior  sensitivity  not  only  than  CT  (100%  vs.  50%)  but  than  MRI
s  well  (100%  vs.  50%)  [17].  In  our  study,  we  were  unable
o  diagnose  two  masses  with  residual  disease  by  CEUS.  Both
asses  were  small  (1  and  1.5  cm)  in  size  and  the  tiny  enhanc-

ng  viable  tissue  was  missed  on  CEUS  whereas  MRI  could  show
he  subtle  arterial  enhancement  in  both  masses.
Few  studies  about  evaluation  of  tumor  response  to  TACE
ith  CEUS  and  CT  are  available  in  the  literature  [18—21].
alvaggio  et  al.  found  higher  degrees  of  accuracy  for
EUS  (100%)  by  comparison  with  multiphase  CT  (92.1%)  on

st-enhanced  ultrasound  in  detecting  residual  disease  in
7  lesions.

ity  PPV  NPV

100)
0]

34/34  (100)
[90—100]

21/23  (91)
[72—99]

100)
0]

18/18  (100)
[81—100]

21/39  (55)
[37—70]

tages. Numbers in brackets are 95% confidence intervals. CEUS
ography. PPV indicates positive predictive value; NPV indicates
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Response  evaluation  post-chemoembolization  

evaluating  38  masses  post  TACE  [20].  By  comparison  with
histopathology  or  angiography,  a  recent  study  found  superior
sensitivity  (95.9%)  and  accuracy  (96.2%)  for  CEUS  compared
to  multiphase  CT  (sensitivity  76.2%,  accuracy  77.7%)  and
suggested  the  use  of  CEUS  for  therapeutic  assessment  for
HCC  patients  subjected  to  TACE  [21].

In  our  study,  we  used  multiphasic  MRI  as  the  reference
standard.  Ideally,  histopathology  would  provide  the  vital
information  of  cell  viability  with  highest  accuracy.  How-
ever,  it  is  neither  feasible  nor  reasonable  to  biopsy  multiple
nodules.  Even  though  both  multiphase  CT/MRI  are  recom-
mended  modalities  [3,11,18,30],  MRI  is  preferred  due  to
its  inherent  advantages.  Despite  signal  intensity  changes
by  Lipiodol® deposition,  accurate  interpretation  is  possible.
T2-weighted  MRI  sequences  can  reliably  help  differentiate
between  necrotic  and  viable  tissue  [11].  The  necrotic  tis-
sue  lacks  enhancement  whereas  the  viable  tissue  enhances
on  post  contrast  T1-weighted  sequences.  When  atypical
features  are  encountered,  additional  diffusion  weighted
sequences  (DWI)  are  done  for  definitive  assessment  [31,32].
Our  MRI  protocol  also  included  DWI  to  solve  these  imaging
dilemmas.

Different  patterns  of  residual/recurrent  were  observed
on  CEUS,  which  were  quite  similar  to  Type  I  to  Type  IV
Lipiodol® deposition  previously  described  on  CT  [33]. Het-
erogenous  pattern  was  the  most  common  one.  Of  note,  two
masses  with  homogenous  enhancement  were  the  ones  which
become  viable  at  22  months  and  12  months  post-TACE.

There  were  few  limitations  of  our  study.  First,  CEUS
was  targeted  only  to  the  treated  target  lesion(s)  and  not
for  detecting  fresh  lesions.  We  did  not  attempt  to  stage
the  disease  because  for  this  each  nodule  had  to  be  eval-
uated  with  separate  CEUS  sequences,  raising  the  issue
of  cost-effectiveness.  Additionally,  lack  of  comprehensive
evaluation  of  the  entire  liver  in  a  short  time  interval  for  CEUS
is  a  known  limitation  leading  to  inability  to  stage  the  disease
for  which  multiphase  CT/MRI  are  recommended  [34].  Hence,
no  attempt  for  staging  by  CEUS  was  done.  Second,  superfi-
cially  located,  subdiaphragmatic,  tiny  lesions,  patients  with
obesity  or  cirrhosis  are  invariably  difficult  to  visualize  on
US.  We  failed  to  confidently  pick  up  residual  disease  in
tiny,  one  cm  masses  which  was  well  elicited  on  MRI.  Finally,
we  included  only  masses  that  were  seen  entirely  on  ultra-
sound  because  for  accurate  assessment  the  complete  mass
had  to  be  seen  during  the  arterial  phase  CEUS.  Newer  CEUS
techniques  are  being  investigated  to  overcome  the  existent
limitations.  Dynamic  CEUS  with  quantification  is  being  eval-
uated  to  obtain  information  of  microcirculation  in  treated
cases  of  HCC  with  encouraging  results  [35].  The  utility  of
3D  CEUS  and  fusion  techniques  are  being  explored  with  the
aim  of  generating  new  evidence  for  widening  the  existent
clinical  indications  of  CEUS  [36,37].

Needless  to  say,  the  imaging  modality  employed  for
therapeutic  assessment  should  have  a  high  diagnostic  accu-
racy,  easy  availability,  minimum  cost  and  less  hazardous
side-effects.  CEUS  fulfills  all  these  attributes  [27,38].  Addi-
tionally,  the  relatively  inexpensive  ultrasound  contrast,
ultrasound  machine  coupled  with  the  additional  benefit  of

portability,  makes  it  an  attractive  imaging  technique  com-
pared  to  CT  and  MRI.

In  conclusion,  CEUS  is  a  useful  alternative  technique
for  evaluating  early  therapeutic  response  of  HCC  following

[
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ipiodol® TACE.  For  long  term  surveillance,  CEUS  should  be
omplemented  with  CT/MRI  for  a  comprehensive  evaluation
f  the  disease.
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