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TECHNICAL NOTE /Interventional imaging

Multimodal  image-guided
electrochemotherapy  of  unresectable  liver
metastasis  from  renal  cell  cancer
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Similarly  to  irreversible  electroporation,  electrochemotherapy  is  an  emerging  ablation
technique  for  the  treatmant  of  primary  and  secondary  liver  tumors  [1].  However,  unlike
irreversible  electroporation,  which  uses  ultra-short  but  strong  electrical  fields  to  create
permanent  and  hence  lethal  nanopores  in  the  cell  membrane  disrupting  the  cellular  home-
ostasis  [2],  electrochemotherapy  combines  the  use  of  a chemotherapeutic  drug,  such  as
bleomycin  or  cisplatin,  with  the  application  of  electric  pulses  as  physical  system  to  facili-
tate  drug  delivery  to  cells  [3]. Electric  pulses  are  delivered  between  several  peripheral  and
central  electrodes  as  well  as  between  the  peripheral  electrodes  in  order  to  deliver  drug  to
the  entire  tumor  and  obtain  safety  margin  [4].  Electrochemotherapy  of  liver  metastases
has  been  showed  feasible,  safe  and  effective  in  phase  I/II  studies  during  open  surgery  but
few  procedures  have  been  performed  under  computed  tomography  (CT)  guidance  [4,5].
In  order  to  facilitate  the  procedure  when  access  angles  are  challenging  or  for  lesions  that
are  hardly  visible,  the  use  of  combination  of  electromagnetic  tracking  and  cone  beam  CT
(CBCT)  may  provide  registration  of  3D  datasets  for  real-time  localization  with  ultrasound

[6,7].

The  purpose  of  this  technical  note  was  therefore  to  demonstrate  the  feasibility  and
efficacy  of  percutaneous  electrochemotherapy  of  liver  metastasis  performed  under  multi-
modal  imaging  guidance.
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Sanofi).  The  settings  were  fixed  to  produce  a  1000  V/cm
10  

ase description

 49-year-old  man  had  previously  undergone  right  total
ephrectomy  2  years  before  for  a  single  renal  cell  carci-
oma.  He  was  referred  to  us  to  the  treatment  of  a  single
etastasis  in  segment  IV  of  the  liver.  The  metastasis  was

ocated  between  the  portal  and  main  hepatic  veins  (Fig.  1A).
ue  to  its  direct  contact  with  veins,  the  metastasis  was
onsidered  unresectable.  Targeted  therapies  and  immune
herapies  were  introduced  but  MR  imaging  showed  rapid
rogression  of  the  lesion  to  41  mm  of  maximal  diameter.
n  order  to  control  tumor  growth,  a  local  treatment  was
onsidered  [8].  Conventional  ablation  techniques  such  as
adiofrequency  ablation,  microwave  ablation  or  cryoabla-
ion  were  not  considered  as  an  option  due  to  the  location  of
he  tumor  [2].  Electrochemotherapy  was  thus  discussed  in
ultidisciplinary  team  meeting  as  salvage  therapy  and  the
atient  accepted  the  treatment  plan.

Electrochemotherapy  was  performed  under  general  anes-
hesia.  In  order  to  obtain  an  adequate  insertion  of  electrodes
o  cover  the  whole  tumor,  a  multimodal  imaging  guidance
nstead  of  a  CT-guided  procedure  was  planned  as  the  patient
resented  a  colonic  interposition  between  the  abdominal
all  and  the  liver.  To  overcome  limited  visibility  and  provide

he  access  angles,  contrast-enhanced  CBCT  and  image  fusion
ith  ultrasound  using  EM  tracking  were  used  concomitantly

® ®

LOGIQ  E9 and  Innova  IGS  540 ,  GE  Healthcare)  (Fig.  1B  and
).  CBCT  was  obtained  after  intravenous  contrast  medium

njection,  during  the  portal  phase,  in  order  to  enhance

igure 1. 49-year-old man who underwent percutaneous multimodal 

lear cell adenocarcinoma. A. Preprocedural postcontrast T1-weighted M
etastasis (arrow) located in segment IV of the liver between the port

olonic interposition (arrowheads) between the abdominal wall and the
hows the tumor (arrow). C. Axial fused reconstruction of contrast-enh
lectromagnetic tracking of the ultrasound probe allows a three-dimensio
ashed arrow shows enhancing metastasis during the arterial phase follo
lan, coronal reconstruction of T1-weighted MR images. This disposition
assing the tumor and a margin of normal tissue. E. Seven needles were
nd CBCT to cover the whole tumor following the individualized treatm
t 2 months post-procedure demonstrates complete tumor response.
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he  visibility  of  the  tumor.  Automated  registration  between
he  CBCT  and  ultrasound  images  was  performed  using  an
mage-based  and  electromagnetic  technology  (INTERACT

®

ctive  Tracker).  A  small  metallic  device  was  placed  on  the
atient,  close  to  the  ablation  area,  prior  to  the  CBCT  acqui-
ition.  After  reconstruction,  CBCT  data  were  then  loaded
n  the  ultrasound  machine,  and  the  position  of  the  device
n  the  image  was  automatically  detected.  Thanks  to  elec-
romagnetic  sensors  integrated  in  the  ultrasound  probe,  the
osition  of  the  device  on  patient’s  skin  was  automatically
etected,  and  automatic  registration  was  made  between
BCT  data  and  real  time  ultrasound  images.  It  allowed  fast
nd  accurate  tumor  targeting  as  the  tumor  was  not  visible
n  ultrasound  alone.  According  to  the  individualized  treat-
ent  plan  (Fig.  1D),  one  20-cm  long  needle  electrode  was
rstly  inserted  in  the  center  of  the  tumor  as  well  as  six
imilar  needles  around  the  tumor,  parallel  to  the  central
eedle  (Fig.  1E).  The  needles  were  1.2  mm  in  diameter  with
-cm  non-isolated  tip  length.  This  disposition  allowed  to  pro-
uce  a  sufficiently  intensive  electric  field  encompassing  the
umor  and  a  margin  of  normal  tissue.  Distance  between  the
robes  ranged  from  21-  to  26-mm.  Electric  pulses,  gener-
ted  by  Cliniporator  Vitae

®
(IGEA)  and  synchronized  with

CG,  were  delivered  8  minutes  after  intravenous  administra-
ion  of  bleomycin  with  a  bolus  of  60  seconds  (15,000  IU/m2,
image-guided electrochemotherapy of liver metastasis from renal
R image in the axial plane during the arterial phase shows a single
al and the main hepatic veins. Magnetic resonance image reveals

 liver (Chilaiditi syndrome). B. Perprocedural ultrasound partially
anced cone beam computed tomography (CBCT) acquisition using
nal visualization of the tumor and adequate needle placement. The
wing contrast material administration. D. Individualized treatment

 allowed to produce a sufficiently intensive electric field encom-
 inserted under multimodal imaging guidance including ultrasound
ent plan. F. Postcontrast T1-weighted MR image in the axial plane

lectric  field  within  the  targeted  area:  number  of  pulses  of
,  duration  of  pulses  of  100  �s and  voltage  ranged  from  2100
o  2600V  for  each  combination  of  needles.  Two  positions  of
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[10] Edhemovic I, Gadzijev EM, Brecelj E, Miklavcic D, Kos B,
Multimodal  image-guided  electrochemotherapy  of  liver  met

the  needles  were  obtained:  one  to  treat  the  superficial  part
of  the  tumor  and  one  to  treat  the  deeper  part  along  the  same
axis.  Tolerance  was  excellent,  the  post  treatment  period
was  uneventful  without  reported  side  effects  except  a  res-
olutive  liver  cytolysis.  Hospital  stay  was  3  days.  Complete
response  was  confirmed  on  follow-up  MR  imaging  performed
at  2  months  (Fig.  1F).  No  adverse  effects  were  reported.

Discussion

Our  observation  illustrates  that  electrochemotherapy  of
liver  metastases  can  be  performed  safely  and  effectively
even  under  CBCT  and  electromagnetic  tracking  guidance
[1].  This  is  supported  by  the  results  of  previous  studies
that  showed  regressive  histopathological  changes  in  liver
metastases  treated  with  electrochemotherapy  when  the
needles  were  adequately  placed  [9,10].  Electrochemother-
apy  induces  similar  changes  in  the  treated  area  to  that
observed  after  irreversible  electroporation.  Coagulation
necrosis  and  encapsulation  of  the  treated  area  were
observed.  Preservation  of  large  blood  vessels  (>  5  mm)
and  biliary  ducts  and  slow  regeneration  of  the  liver
parenchyma  were  also  reported.  Like  irreversible  electro-
poration,  these  findings  suggest  that  complete  ablation  by
electrochemotherapy  of  unresectable  tumors  in  the  vicinity
of  large  blood  vessels  may  be  obtain,  without  complications.
A  possible  complete  regeneration  of  the  ablated  area  may
finally  occur.

But  although  this  single  metastasis  in  a  difficult  loca-
tion  was  successfully  treated,  the  described  procedure
demonstrates  the  complexity  of  electrochemotherapy.  Sev-
eral  specific  steps  have  to  be  taken  in  consideration  during
electrochemotherapy  such  as  exact  treatment  planning  for
electrode  positioning  and  the  delivery  of  electric  pulses,
meticulous  clinical  evaluation  before  injection  of  bleomycin
to  detect  any  contraindications  leading  to  an  optimal  coor-
dination  between  radiology  and  oncology  departments,
perfect  positioning  of  the  electrodes  before  injection  of
bleomycin  using  multimodal  imaging  if  needed,  as  well
as  synchronization  of  electric  pulses  delivery  with  elec-
trocardiography  for  safety  reasons  [4].  In  that  case,  the
insertion  of  electrodes  proved  to  be  feasible  and  effective
using  a  multimodal  approach  under  CBCT  and  ultrasound
using  electromagnetic  tracking.  This  multimodal  naviga-
tion  is  more  useful  when  access  angles  are  challenging  or
lesions  have  limited  visibility  [7].  However,  implementation
of  such  CBCT-based  navigation  and  electromagnetic  tracking
requires  hardware,  disposables  as  well  as  training  to  master
these  technologies.

In  conclusion,  local  control  may  be  obtained  after  mul-

timodal  image-guided  percutaneous  electrochemotherapy
in  the  liver.  This  promising  but  relatively  complex  image-
guided  percutaneous  treatment  should  be  considered  for
patients  with  no  other  alternative.  Further  larger  evaluation
is  311

s  mandatory  before  drawing  definitive  treatment  decision
ree  to  guide  physicians  managing  patients  in  this  setting.
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