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Abstract  Radiofrequency  ablation  is a well-known,  safe,  and  effective  method  for  treating
benign  thyroid  nodules  and  recurring  thyroid  cancer  as  well  as parathyroid  adenomas  that
has yielded  promising  results  in recent  years.  Since  the  Korean  Society  of  Thyroid  Radiology
introduced the  devices  and  the  basic  techniques  for  radiofrequency  ablation  in 2012,  radiofre-
quency ablation  has been  approved  all over  the world  and  both  the devices  and  techniques  have
improved.

This review  aims  to  instruct  interventional  radiologists  who  are  doing  or  intend  to  start  doing
radiofrequency  ablation  of  thyroid  and parathyroid  lesions,  as  well  as thyroid  and  parathyroid
specialists  who  provide  pre-  and  post-operative  care,  in the training,  execution,  and  quality
control  for  radiofrequency  ablation  of  thyroid  nodules  and parathyroid  adenomas  to  optimize
the efficacy  and  safety  of the  treatment.
© 2022  SERAM.  Published  by  Elsevier  España,  S.L.U.  All  rights  reserved.
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Ablación  por radiofrecuencia  en  la  enfermedad  tiroidea  y  paratiroidea

Resumen  La  ablación  por  radiofrecuencia  (ARF)  es  un  método  bien  conocido,  seguro  y  eficaz
para tratar  los  nódulos  tiroideos  benignos,  los  cánceres  tiroideos  recurrentes,  así  como  los
adenomas de  paratiroides,  con  resultados  prometedores  en  los  últimos  años.  Los  dispositivos
empleados  y  las  técnicas  básicas  para  la  ARF  fueron  introducidos  por  la  Sociedad  Coreana  de
Radiología  de  Tiroides  (KSThR)  en  2012,  si  bien la  ARF  se  ha  aprobado  en  todo  el mundo,  con
avances posteriores  tanto  en  dispositivos  como  en  técnica.

El objetivo  de  esta  revisión  es  instruir  a  los  radiólogos  intervencionistas  que  pretendan
realizar, o que  ya  estén  realizando,  intervenciones  de  ARF,  así  como  especialistas  en  tiroides
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y  paratiroides  que  brinden  atención  pre  y  postoperatoria,  acerca  de la  capacitación,  la  ejecu-
ción y  el  control  de  calidad  de  la  ARF  de  los  nódulos  tiroideos  y  adenomas  paratiroideos,  para
optimizar la  eficacia  del tratamiento  y  la  seguridad  del  paciente.
© 2022  SERAM.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los  derechos  reservados.

Introduction

Thyroid  nodules  (TN)  are  defined  lesions  within  the thyroid
gland,  radiologically  distinguishable  from  the  surrounding
thyroid  parenchyma.  The  incidence  of  TN  has increased
over  the  last  twenty  or  thirty  years  as  the  use  of  diagnos-
tic  imaging  tests  has  increased.  These  lesions  are found in
20%---76%  of  the general  adult  population  when  assessed  by
ultrasound.1---4

TN  can  be  associated  with  various  thyroid  and extrathy-
roidal  diseases,  but  they  are generally  due  to  benign  or
malignant  tumours.  The  most common  cause  of  benign  TN  is
the  colloid  nodule,  while  the finding  of  a malignant  nodule
(5%)  mainly  corresponds  to  papillary  carcinoma.3

Most  TN  are benign  and  asymptomatic  and  do  not  require
treatment;  they  simply  need  to be  followed  up  for  manage-
ment.  However,  some  nodules  do  require  treatment  due  to
the  symptoms  caused  by  their  growth,  cosmetic  problems  or
the  risk  of  malignant  transformation.4---10

Until  recently,  treatment  options  were  limited  to  surgery
for  symptomatic  benign  TN and  radioactive  iodine  ther-
apy,  carbimazole  or  surgery  for  autonomously  functioning
TN  (AFTN).7---14

Parathyroid  adenomas  are the  most  common  cause  of
primary  hyperparathyroidism  (PHPT),  with  an incidence  of
80%---85%.15 PHPT  is  a  primary  endocrine  disorder  of  mineral
metabolism,  with  a  prevalence  of  0.1%---0.4%,  being  more
common  in females.16,17 It  is  caused  by the excessive  syn-
thesis  and  secretion  of  parathyroid  hormone  (PTH),  with  the
consequent  increase  in serum  calcium.16---20

Almost  20%  of patients  with  PHPT  are asymptomatic,
with  the  disorder  being  detected  during  routine  biochem-
ical tests.16,20 The  central  target  organs  of  abnormally  high
levels  of  PTH  are the  bone  and  the  kidneys,  and  there  is
a  high  incidence  of  complications,  such  as  kidney  stones,
severe  bone  disease,  fractures,  neurocognitive  impairment
and  cardiovascular  disease,  with  treatment  being  required
in  these  cases.15,21,22

Current  treatment  guidelines  recommend  parathyroidec-
tomy  as the  ‘‘gold  standard’’  treatment  for patients  with
PHPT,17,19,21 as  this  is  curative  in 95%  of cases  when
performed  by  an expert  surgeon.4 However,  although  it
is generally  safe,  an increase  in postoperative  morbid-
ity  and  mortality  rates  has  been  reported  in  patients
aged  65  years  or  over,  associated  with  complications  such
as  wound  infection,  postoperative  haemorrhage,  recur-
rent  laryngeal  nerve  injury,  hypocalcaemia  and  persistent
hypoparathyroidism.12,21

Over  the last  ten  years,  several  minimally  invasive
ultrasound-guided  techniques  have  been  proposed  for  the
treatment  of  TN and parathyroid  adenomas  in situa-
tions  where  either  the patient  rejects  surgery  or  it is
contraindicated.11

Radiofrequency  ablation  (RFA)  is a minimally  invasive
technique  with  percutaneous  access  used  to  treat  benign
nodules  of  the thyroid  and parathyroid  glands.17 It was  ini-
tially  considered  simply  an alternative  to  surgery,  but  the
importance  of  RFA  as  a  treatment  option  has  been  growing
steadily,  both  for  benign  solid  and  partially  cystic  nodules,
and  for  recurrent  thyroid  cancer.4

RFA  has  been  shown  to  be an  effective  technique  for  redu-
cing  mean  nodule  volume,  with  low complication  rates  and
marked  improvement  in nodule-related  symptoms.4

This  review  describes  and discusses  current  devices  and
advanced  techniques  for RFA  in  thyroid  and  parathyroid
endocrine  disease.

Indications

The  main  indications  are  found in the guidelines  and decla-
rations  issued  by  the following  organisations1:

1. Korean  Society  of Thyroid  Radiology  (KSThR),  2009,  2011
and  2017  guidelines.23,24

2. Italian  Experts  Opinion  Statement  2015.25

3. 2016  guidelines  from  the American  Association  of  Clinical
Endocrinologists  (AACE).

4. 2016  guidelines  from  the American  College  of  Endocrinol-
ogy  (ACE).

5.  2016  guidelines  from  the  Associazione  Medici
Endocrinologi  (AME).26

6. 2016  guidelines  from  the National  Institute  for  Excellence
in  Health  and Care  (NICE)  (https://www.nice.org.uk/
guides/ipg562).

7.  Official  declaration  of  the Austrian  Thyroid Association
2016  (https://www.kup.at/kup/pdf/13399.pdf).

Broadly  speaking,  the  main  indications  are as  follows:

Benign  thyroid  nodules

RFA  is  indicated  in  patients  with  benign  TN larger  than  2 cm
in  size  who  complain  of  cosmetic  problems  or compressive
symptoms  related  to  the  size  of the nodule,  such  as  pres-
sure  in the  neck,  pain,  dysphagia,  foreign  body  sensation,
discomfort,  bulging  of the neck  and  cough.5
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In terms  of  nodule  size  or  volume,  no  definite  criteria
for  thyroid  RFA  have  yet  been  established.4---6 In  these  cases,
RFA  is  indicated  to  improve  clinical  problems  by  reducing
the  size  of  the nodule.6

The  need  for  TN treatment  depends  on  the  symptoms  or
cosmetic  problems  of  each  patient,  and  these vary  accord-
ing  to  the  circumference  of the  neck  or  the  location  of  the
thyroid  nodule.  Patients  with  a smaller  neck  circumference
tend  to  complain  of  cosmetic  problems  much  earlier  than
those  with  wider  necks.

Toxic  thyroid  nodules

About  5%---10%  of  benign  TN can  progress  to  toxic  TN or  AFTN
and  secrete  abnormally  high  amounts  of thyroid  hormones.27

AFTN  are  the  second  most  common  cause  of  hyperthy-
roidism,  and mainly  affect  older  women,  as  these  nodules
degenerate  with  age.27

Many  trials  have  demonstrated  the  efficacy  and  safety
of  treating  toxic  nodules  with  RFA. In  a  large  multicentre
trial,  Sung  et  al.28 demonstrated  significant  improvement  in
hyperthyroid  symptoms  in 81.8%  of study  patients  after  RFA,
along  with normalised  TSH  levels  and  without  the develop-
ment  of  hypothyroidism.

Since  the  Korean  guidelines  in 2012,  the consensus  for
RFA  of  AFTN  has  evolved.  Currently,  in the  treatment  of
toxic  nodules,  it is  better  to  reserve  RFA  as  a  second-line
treatment  in patients  who  reject  conventional  therapy or
when  it  is  contraindicated,  and it can  be  considered  a
first-line  treatment  in small  nodules,  as the response  is
optimal  (improvement  in symptoms  and  return  to  normal
of  TSH)  when  the nodule  is  reduced  in  size  by  more  than
80%.27

Malignant  thyroid  nodules  and recurrent  thyroid
cancer

RFA can  be  performed  for  curative  or  palliative  purposes
in  recurrent  thyroid  cancers,  according  to  the last guide-
lines  published  by  the KSThR  in 2017.4 Curative  RFA  for
recurrent  cancer  refers to  the complete  treatment  of any
recurrent  tumour  visible  on  ultrasound.  Palliative  RFA  can
be  applied  when reduction  in size  by  RFA  is  considered
for  reducing  symptoms  and improving  a patient’s  qual-
ity  of  life, even  if radiologically  complete  excision  is  not
possible.4,5

Surgery  is  the fundamental  treatment  for  primary  thyroid
cancer.  However,  the 2017  guidelines  recommend  consid-
ering  RFA  in  selected  patients  (i.e.  in  patients  who  refuse
surgery  or  cannot  undergo  an  operation  due  to  their  comor-
bidities);  even  so,  it remains  an  experimental  tool  that
requires  more  research  due  to  the insufficient  literature
published  to  date.4---6

Cancer  lymph node  involvement

For  metastatic  cervical  lymph  nodes  in the initial  diagnosis
of  thyroid  cancer,  the  treatment  of  choice  today  is  surgical

removal.29 Although  surgery  is still  considered  the  gold  stan-
dard  treatment  for  recurrence  of  thyroid  cancer  and  cancer
lymph  node  involvement,  there  are  guidelines  and  consensus
statements  which  consider  thermal  ablation  rescue  therapy,
but  the  following  conditions  have to  be met29:

---Recurrent  cancer-related  cervical  lymph  node  involve-
ment  after radical  surgical  treatment.
---Diagnostic  imaging  tests  suggest  metastasis  and  this is
confirmed  by fine-needle  aspiration  (FNA).
---The  patient  is  not  an optimal  candidate  for  surgery  or
refuses  this  treatment.
---Iodine-131  therapy  is  ineffective  for the metastatic  lymph
nodes,  or  patients  refuse  to  take  such treatment.

Parathyroid  adenoma

Some  patients  with  symptomatic  PHPT reject  surgery  or  are
unsuitable  candidates  for  surgical  intervention  due  to  their
associated  comorbidities.  In  these  cases,  ultrasound-guided
minimally  invasive  treatments  are  an alternative  therapeu-
tic  option  for  the treatment  of  parathyroid  lesions  accessible
by  ultrasound.21,22

Pre-procedure assessment

Ultrasound  is  the  most  common  imaging  modality  for  assess-
ing nodular  thyroid  and  parathyroid  lesions,  planning  patient
diagnosis  and  guiding  minimally  invasive  treatment.4

Patients  must  be properly  informed  before  the procedure
about  the objectives  of  the technique,  and, in  the  case  of
large  nodules,  the  operator  should warn  the patient  of the
possible  need  for repeat  treatment.2

TN  must  be  confirmed  as  benign  in at  least two
ultrasound-guided  fine-needle  aspiration  (FNA)  biopsies  or
core-needle  biopsies  (CNB)  prior  to  RFA.5,6 However,  a single
benign  diagnosis  on  FNA  or  CNB  is  sufficient  when the nodule
has  very  specific  sonographic  features  of  being  benign,  as  in
the  case  of isoechoic  spongiform  nodules  or  partially  cystic
nodules  with  intracystic  comet-tail  artefact,  both  of  which
have  a very  low  risk  of  malignancy.6

The  study  protocol  prior  to  the  procedure  for  parathyroid
adenomas  includes  location  of  the lesions  with  imag-
ing  tests,  highlighting  the role  of first-line  ultrasound,
but,  particularly,  the role  of  parathyroid  scintigraphy
with  technetium-99m  sestamibi,15,30,31 which  is  routinely
performed  to  locate  adenomas  with  high  sensitivity
(80%---100%  in  the  case  of  single  adenomas).  In  uncer-
tain  or  difficult-to-diagnose  cases,  as  second-line,  we
have  the options  of  sestamibi  technetium  99-m-labelled
single-photon  emission  computed  tomography  (CT)  (99mTc-
sestamibi  SPECT),  Octreoscan  and IV  contrast-enhanced  CT,
which  provide  us with  a more  precise  anatomical  view,
enabling  better  location  of  abnormal  ectopic  parathyroid
glands.18,22,30,31

It  is important  to  stress  that  abnormally  functional
parathyroid  tissue  must  be visible  by  ultrasound  for  a  spe-
cialised  operator  to  perform  the  RFA. Normal  parathyroid
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Figure  1  Typical  setting  for  radiofrequency  ablation  of  a  thy-
roid nodule  or  parathyroid  adenoma.  The  operator  stands  at
the patient’s  head,  looking  directly  at  the ultrasound  monitor
for constant  monitoring  of  the  electrode  tip.

glands  are  usually  approximately  5 mm  in size,  which  can be
difficult  to  detect  by  ultrasound  as  they  are isoechoic  with
respect  to  the thyroid  glands.  In contrast,  parathyroid  ade-
noma  is evident  by  the  altered  echogenicity  and  increase
in  size,  typically  observed  as  solid,  oval,  well-circumscribed
structures,  which are  hypoechoic  with  respect  to  the adja-
cent  thyroid  tissue.  They  are also  usually  separated  from
the  thyroid  glands  by  a  hyperechoic  band  of  connective
tissue.

Radiofrequency ablation procedure

Generally  on  an outpatient  basis,  the treatment  takes
place  in  an  operating  theatre  with  a rigid articulated
table  or in specially  fitted  out  ultrasound  suites  with  a
screen  to monitor  the patient’s  vital  signs  throughout  the
intervention.

The  patient  is  placed  in  the supine  position  with
neck  extension,  while  the operator,  at the head  of  the
patient,  assesses  the position  of  the nodule  and  selects
the most  appropriate  approach  using  a  high-frequency
linear  probe  to  monitor  and guide  the  ablation  proce-
dure,  at  all  times  under  strict  asepsis  conditions3,19,22

(Fig.  1).

The  procedure  is  performed  under  local  anaesthetic  and
optionally  with  conscious  sedation,  as  the  patient’s  collab-
oration  is essential  throughout  the intervention,  monitoring
their  voice  to  identify  any  possible  injury  to  the recurrent
laryngeal  nerve.

After  adequate  sterilisation,  vessels  along  the  access
pathway  are identified  and  local  anaesthetic  is injected  at
the  skin  puncture  site.21

RFA  of  neck  lesions  is  safer  to  perform  using  the  transisth-
mic  approach  and  hydrodissection.

In  the transisthmic  approach,  the  RF  electrode  is  inserted
through  the  thyroid  isthmus  from  the midline  in a lateral
direction  to  treat  the  target  lesion3,19 (Fig.  2).

There  are several  advantages  using  the  transisthmic
approach.  First,  the  position  of  the electrode  through  the
isthmus  gives  support  and stability  even  when  the patient
speaks  or  swallows.  Second,  this approach  helps  minimise
heat  exposure  to  the  recurrent  laryngeal  nerve,  as  the oper-
ator  can  control  the  relationship  between  the  electrode,
the  target  lesion,  and  the nerve,  located  in  the  so-called
‘‘danger  triangle’’;  the space  between  the  trachea  and the
thyroid  gland.  Continuous  ultrasound  monitoring  of  the rela-
tionship  between  the  active  tip  of  the electrode  and  the
recurrent  laryngeal  nerve  is  of  vital importance  to prevent
possible  thermal  injuries  during  the procedure.  Lastly,  the
normal  isthmus  parenchyma  between  the target  nodule and
the  electrode  approach  site  prevents  leakage  of hot fluid
into  the  peri-thyroid  area, which  can  also  be a  cause  of
pain.3,21

Understanding  the  anatomy  of  the neck  is  essential  for
improving  the  efficacy  of  RF  ablation  in the  treatment  of
thyroid  and  parathyroid  lesions.  The  neck  is relatively  nar-
row  and  contains  many  critical  structures,  including  the
recurrent  laryngeal  nerve,  carotid  artery,  oesophagus  and
trachea,  which  sometimes  make  it difficult  to  treat  a  lesion
completely.3 The  hydrodissection  technique  (Fig.  3)  consists
of  the  injection  of  a cold  5%  glucose  solution  (as  normal
saline  solution  is  an ionic  fluid and can  conduct  electricity)
between  the  target  lesion  to  be  treated  and the adja-
cent  structures,  creating  a safety  margin  to  isolate  the
nodule  and  prevent  thermal  injury  to  surrounding  critical
structures.9,15,17,19,20

Figure  2  Axial  CT slice  of  the neck  with  IV  contrast.  Graphic  demonstration  of  a  transisthmic  approach  to  a  right  thyroid  nodule
(green circle).

386



Radiología  64  (2022)  383---392

Figure  3  Hydrodissection  technique.  Cold  5% glucose  solution
is slowly  instilled  by  needle  between  the  target  lesion  and  adja-
cent critical  structures,  including  the  trachea,  oesophagus  and
recurrent  laryngeal  nerve.

Technical  aspects of radio frequency
equipment

Characteristics  of radiofrequency  ablation

RFA  consists  of the percutaneous  insertion  of  an electrode
into  a  nodule.  The  technique  uses  as  a physical  principle
the  heat  generated  by  the formation  of a high-frequency
alternating  electrical  current,  ranging  from  200  kHz  to  1200
kHz,  transmitted  from  the  tip  of  an  electrode  connected  to
an  external  radiofrequency  generator.  These  RF  waves  pass
through  the  electrode,  agitating  ions  in  the tissues  around
the  active  tip,  which  results  in a rise  in temperature.  The
electrical  resistance  of  the tissue,  greater  than  the elec-
trode  metal,  produces  heat  called  ‘‘friction  heat’’  (Joule
effect),  with  the  consequent  coagulative  necrosis  and  irre-
versible  cell  damage  near  the  electrode  at  a  temperature  of
50---100 ◦C.2

It is  important  to  remember  that  when  administering  RF,
in  addition  to  friction  heat,  heat  conduction  causes  late
necrosis  in  more  distal  areas.  With  all  this,  the  size  of  the
necrosis  can  be  predicted  and will  depend  on  the size  of
the  active  tip  of  the  electrode,  the power  selected  and  the
treatment  time.2

Devices

There  have  been  numerous  advances  in  RFA  devices  for the
treatment  of  TN  and parathyroid  glands.

There  are many  different  RF  systems,  but  they  all  essen-
tially  consist  of  an electrical  generator,  an electrode  and
a  return  plate.  The  generator  has  a  detector  that  records
the  resistance  and  impedance  of  the tissues,  destroying  the
target  lesion  with  great  precision  (Fig.  4).

The  radiofrequency  electrical  generator  is  connected  to
an  internally  cooled  electrode.  Early  RFA  studies  in TN  were
performed  with  a 17G straight,  internally  cooled  electrode
needle  with  a 1  cm  active  tip,  or  with  14G  multi-prong
expandable  electrodes  to  obtain  a  wider  ablation  area.

Figure  4  Radiofrequency  device,  essentially  consisting  of  an
electrical  generator  and  an  RF  electrode  (18G)  with  an  active
tip.

Subsequently,  thinner  (18G  or  19G),  internally  cooled,  multi-
point  electrode  needles  (0.5,  1  and 1.5  cm)  were developed
specifically  for thyroid  lesions  to  facilitate  needle  control
and  minimise  injury  of  normal  tissue.29

In  our  centre,  because  both  the thyroid  gland  and  even
more  so  the parathyroid  glands  are  relatively  small and  sit-
uated  superficially,  we  generally  use  modified  electrodes
which  are shorter  and  thinner  than  the  conventional  elec-
trodes  used for  other  organs,  7  cm in  length  and  18G,  with
multiple  active  tips  from  0.5 to  1.5 cm,  which are  cooled  by
a  peristaltic  circulating  water  pump.32 These  small active
tips  enable  more  precise  treatment  with  minimal  collateral
tissue  damage  to  adjacent  structures.

This  device  also  has  at least one return  plate,  which  is
generally  placed  on  the  patient’s  thigh,  to  maximise  the
contact  surface  and  create  a closed  electrical  circuit  in the
case  of monopolar  systems.

Thermal ablation  techniques

RFA  of  TN  was  developed  in 2002  by  Professor  Baek,  an  inter-
ventional  radiologist  at  Asan  Medical  Centre  in Seoul.1

RFA  can  be used by  mono-  or  bipolar  technology,  the
monopolar  technique  being  the most  commonly  used.

Monopolar  RF  ablation1

For this procedure,  one  or  two  return  plates  are needed,
depending  on the procedure,  ventrally  placed  on  the
patient’s  thighs,  which  act  as  a  large  dispersive  electrode,
allowing  current  to  pass  through  the  patient,  activating  the
electrode  as  a  circuit.1 These  return  plates  do not  cause  any
discomfort  to  the  patient.

The  thermal  damage  caused  by  RF  depends  on the  tem-
perature  achieved  in the tissue  and the  duration of  heating.
When  an alternating  current  reaches  460---500  kHz,  it flows
from  the generator,  between  the electrode  and  the  plates,
and  causes  agitation  of  the ions  in the tissue.  This  is
converted  through  friction  into  heat,  resulting  in a  focal
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thermal  lesion  in the tissue  around  the  active  tip of  the
electrode.

The current  RF  generators  can  automatically  adjust  the
output  power  in order  to  optimise  the energy  deposited
during  the  ablation  treatment.  The  higher  the current  den-
sity  surrounding  the  electrode  needle,  the more  energy
is  deposited  in the tissue,  thus  increasing  the  amount  of
ablation.  When  the temperature  reaches  46 ◦C,  irreversible
cell  damage  occurs  in the target  lesion,  but  not  necro-
sis.  When  the  temperature  reaches  50---52 ◦C,  it only  takes
4---6  min  to  induce  a  cytotoxic  effect,  with  consequent
coagulation  necrosis  and  irreversible  thermal  damage  to
cells  due  to  loss  of  cytosolic  and  mitochondrial  enzyme
activity.

Bipolar  RF  ablation
A comparatively  new  technique  (the  first  published  studies
appeared  in  20163),  bipolar  RFA  simplifies  the procedure
compared  to  monopolar  RFA,  as  grounding  pads  are not
required.  These  pads are necessary  for  monopolar  RFA
devices,  as  the electrical  current  travels  through  the
patient’s  body.  In  contrast,  bipolar  RFA  uses an electrode
that contains  positive  poles  and  negative  poles  at the
tip  and  directs  the current  flow  only through  the  tis-
sue  of the  lesion  to be  treated,  thus  eliminating  current
dissipation.1

The  high-frequency  current  created between  the two
poles  leads  to  a  relatively  spherical  heat  field  within  which
the tissue  overheats.  As  the  amount  of water  in the  tissue  of
the  treated  nodule  decreases,  the  electrical  resistance  and
temperature  increase,  and  the  device  power  is  turned  down.
This  limits  the electrical  current  to  the area  surrounding
the  bipolar  electrode  resulting  in the  ablation  zone  having
a  more  predictable  size and shape.3

Although  this technique  seems  easier  to  master,  as  the
tip  of the  electrode,  while  still  needing  to  be  guided,  only
needs  to  be  placed  in a few  locations  within  the nodule,
long-term  results  are still  lacking  at  present.1

Technical  solutions  and key aspect  in
thermoablation

In all  RFA  procedures,  a series  of  effects  are induced  in the
target  lesion,  and  the  area  where  the ablation  is  performed
has a  series  of  features  which  can  alter  the procedure.  These
alterations  can  be  beneficial  or  harmful  and  we  can  use  them
to  control  sensitive  areas.  They  include:

1.  The  cooling  of  the area  to  be  ablated  caused  by  blood
flow  through  an adjacent  vessel  is  protective,  so  it  may
leave  a  structure  not completely  burnt,  but  can also  pro-
tect  a  sensitive  structure.  An  easy-to-observe  example  of
this  phenomenon  is with  TN ablation,  because  we  have
the  contiguous  carotid  artery.  We  can  get  closer  to  the
artery  thanks  to  cooling  by  the  blood  flow,  although  we
have  to  be  careful  of  the vagus  nerve  and,  if it  is too
close,  carry  out  hydrodissection  by instilling  glucose  solu-
tion.

Figure  5 Axial  CT slice  of  the  neck  with  IV  contrast  showing
the transisthmic  approach  using  the  moving  shot  technique.

2. RF  transmission  is  through  ionised  fluids  or  tissues,
because  it involves  electricity.  Therefore,  the inter-
position  of glucose  solution,  as  explained  above,
protects  by  increasing  distance,  electrical  insulation
and  non-conduction  (double  protection);  as  opposed  to
microwave  ablation,  for example,  which  only  protects  by
distance.

In  conclusion,  we  have  to  take  these  physical  situations
into  account  and use  them  to  our  advantage  to  avoid  possible
injury.

Monitoring of  the  needle during the  procedure

By  far  the  most  commonly  used technique  during  RF  of  the
thyroid  and  parathyroid  glands  is  the so-called  moving  shot
technique  (Fig.  5). This  is  a safe and effective  method,  con-
sisting  of  the ablation  of  multiple  sequential  areas  within
the  target  lesion,  moving  the tip  of  the electrode  unit by
unit,  starting  at the deepest  area  of  the lesion,  and  pulling
back  to more  central  areas  and  from  there  to  the most
superficial.3

This  technique  can  be difficult  for  beginners,  as  it
requires  constant  monitoring  of  tip  location,  while  syn-
chronously  moving  and  holding  the  electrode  within  the
target  nodule  during  the ablation.  There  are several  reasons
why tip monitoring  might  be difficult  during  the procedure,
one  being  the  transient  hyperechoic  zone, with  subse-
quent  acoustic  shadowing  caused  by  gas  generated  by the
heat  during  ablation  interfering  with  the sonic  window1,3

(Fig.  6).
Deflection  of  the  electrode  tip  away  from  the  target

nodule  could  cause  thermal  injury  to  adjacent  vulnerable
structures,  leading  to  serious  complications;  hence  the  vital
importance  of strict  electrode  tip  monitoring  during  the pro-
cedure.
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Figure  6  Representative  ultrasound  images  of  a  radiofrequency  ablation  procedure.  Solid  thyroid  nodule  with  a  2.5  cm  long  axis
(A). Percutaneous  insertion  of  the  RF  electrode  (black  arrows)  through  a  transisthmic  approach  with  the  tip  of  the needle  in the
inferior and  posterior  pole  of  the  nodule  (B).  Radiofrequency  is  started,  after  which  a  transient  hyper-echoic  cloud  appears  (red
arrows), which  tells  us that  the  ablation  is taking  place  correctly  (C),  carrying  out  a  sequential  ablation  within  the target  lesion
using the  moving  shot  technique  until  complete  ablation  is ensured  (D).

Patient follow-up

The  procedure  is  considered  to  have  been  a success  when
complete  ablation  is  obtained  after  a properly  performed
protocol-based  intervention.16

In the  follow-up  of  both  thyroid  and parathyroid  disease,
from  the  endocrine  point  of  view,  the  functional  follow-up
protocol  is the  same  as the postoperative  protocol.

Follow-up  ultrasound  scans  are usually  performed  at 1, 3,
6, and  12  months,  and  every 6---12 months  thereafter.  Most
literature  reviews  consider  follow-up  of  3---6  months  and  of
a  year.  Reduction  in the mean  volume  of 47%---84%  at three
months  and  62%---93%  at a year  has  been  reported.  Although
most  of  the  reduction  in the volume  of  the  ablated  lesion  is
seen  in  the  first  3---6  months,  the size  of the  nodule  continues
to  gradually  decrease  for  up  to  a  year.33

Based  on  our personal  experience,  in the  case  of  benign
TN,  a  reduction  in the  size  of  the ablated  nodule  is  sought
essentially  to  control  the  compressive  symptoms.  In  the first
instance  at  our  centre,  each  patient  was  assessed  at  one
month,  six months  and  a year  post-ablation,  but  now  they
have  a  repeat  ultrasound  at six months  and a  year.  This
is  because  we  found  in our follow-up  that  it is  not  until
six  months  after  the  intervention  that  a  significant  shrink-
age  in  the  volume  of  the  treated  nodule  is appreciated
with complete  healing,  or  when  we  can see  that  the  lesion

was  not fully  treated  and  that  the patient  needs  further
ablation.

Similarly,  in the  follow-up  of recurrent  thyroid  tumours
and toxic  TN,  the objective  is  complete  ablation  from  the
functional  point  of  view.  In the imaging  follow-up,  the
desired  outcome  is complete  ablation  of  the  ablated  area;
if any  residual  tissue  is  detected  in the  follow-up  ultrasound
scans,  a further  ablation  procedure  may  be necessary.

The  assessment  strategy  after  the  ablation  of  a parathy-
roid  adenoma  is  essentially  biochemical;  there  is  no
ultrasound  follow-up,  and functional  imaging  tests  are  only
performed  if required  according  to  progress.

At  our  centre,  we  perform  early  PTH  and  serum  calcium
tests  in the first  24  h  post-ablation,  where  both  parameters
should  be  corrected  if the treatment  has  been  adequate,
followed  by  determination  of  serum  levels  of  PTH,  calcium,
corrected  albumin  and  Vitamin  D at 1,  3 and  6  months  and
1  year.

It  is  important  to  note  that  one  month after the interven-
tion,  it is  possible  that  serum  PTH  values  will  be  persistently
elevated or  at the upper  limit  of  normal  with  corrected
serum  calcium.  This  finding  could  be  related  to  the acti-
vation  of  the  rest  of  the  parathyroid  glands,  previously
latent  due  to  the  hyperfunctioning  adenoma,  and consid-
ered  a rebound  effect  after  the drop  in serum  calcium
post-ablation,  which  causes  an increase  in PTH.
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Complications

RFA  is  generally  a  safe  technique  and  has a low incidence  of
complications  (2%). However,  operator  experience  is  essen-
tial  for  better  outcomes  in terms  of volume  reduction  in the
target  lesion,  as well  as  low  complication  rates.2,19

It  is  important  to  recognise  the potential  complications
of  this  technique.  They  are subdivided  into  minor  and  major
events.4,14

Minor  complications  reported  include  bruising,  vomiting,
skin  burns,  oedema  and pain.  Pain  during the procedure
is  the  most  commonly  reported  side  effect,2,4,5 of  varying
degrees  in  the  lower  part of the neck,  with  patients  some-
times  describing  it as  radiating  to the head,  ears,  shoulder,
chest,  back  or  teeth.  Most  patients  tolerate  the  pain  fairly
well  and  it  is  quickly  alleviated.6

Haematomas  can  develop  in  the peri-thyroid,  subcapsular
and intranodular  locations,  caused  by  mechanical  injury  to
the  vessels  due  to  electrode  insertion.  However,  they can
usually  be  treated  with  simple  neck  compression  for  30  min
to  2 h  and  application  of  ice, and most  resolve  within  one
or  two  weeks.6

The  major  complications  include  nerve  injuries,
such  as injury  to  the recurrent  laryngeal  nerve,
cervical  sympathetic  ganglion,  brachial  plexus  and
spinal  accessory  nerve,  nodule  rupture  and permanent
hypothyroidism/hypoparathyroidism.5,14

Node  rupture  is the  second  most  important  complication
of  RFA,  presenting  as  sudden  bulging  of  the neck  and pain  at
the  ablation  site  during follow-up.  The  rupture  mechanism
is  considered  to  be  a  result  of  acute  expansion  of the  volume
of  a  nodule  due  to late  haemorrhage  or  a tear  in  the wall  of
the  lesion.  Ultrasound  or  CT  usually  show a  rupture  of  the
thyroid  capsule,  with  the tumour  bulging  towards  the front
of  the  neck.  In most  cases,  they  are treated  conservatively,
with  antibiotics  or  analgesics,  but  surgical  treatment  may
be  required  in  the case  of  abscess  formation.6

Another  important  major  post-ablation  complication  is
transient  or permanent  voice changes  due  to  thermal  injury
to  the  recurrent  laryngeal  nerve,  which,  according  to  the
study  by  Kim  et  al, is  one  of  the most  serious  and  most
commonly  reported  complications  after  RFA.6 Direct  ther-
mal  injury  to  the nerve,  stretching  of  the  nerve  over thyroid
swelling,  and  bruising  of  the nerve  against  the trachea  are
possible  causal  mechanisms  of  voice changes  during the
procedure.6 As  discussed  above,  the  transisthmic  approach
and  fluid  isolation  using  the  hydrodissection  technique  are
recommended,  as  these  elements  play a  key  role  in protect-
ing  the  recurrent  laryngeal  nerve  and its  surrounding  tissues,
and  establishing  a  barrier  significantly  reduces  the incidence
of  complications.6

To  avoid  complications,  there  must  be  continuous  and
vigilant  ultrasound-guided  monitoring  of  the  electrode  tip
throughout  the procedure.

Conclusions

In  short,  this  article  provides  a  summary  of  the  current  lit-
erature  considering  RFA  as  an  increasingly  efficient,  safe
and  effective  possible  alternative  to traditional  therapies  in

patients  with  thyroid  and parathyroid  disease  who  are  either
not  candidates  for  or  do not  want  surgery.
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