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a Servicio  de  Endocrinología  y  Nutrición,  Hospital  General  Universitario  de  Castellón,  Castellón,  Spain
b Servicio  de  Endocrinología  y  Nutrición,  Hospital  Universitario  Doctor  Peset,  Valencia,  Spain
c Universitat  Jaume  I, Castellón  de  la  Plana,  Castellón,  Spain
d Departamento  de  Medicina,  Universidad  Cardenal  Herrera-CEU,  CEU  Universities,  Castellón,  Spain
e Universitat  de Valencia,  Valencia,  Spain

Received  6  July  2020;  accepted  26  September  2020

KEYWORDS
Thyroid  cyst;
Ultrasound-guided
percutaneous  ethanol
injection;
Volume  reduction
rate

Abstract
Background:  Our  aim  was  to  evaluate  the  efficacy  and  security  of  ultrasound-guided  percuta-
neous ethanol  injection  therapy  (US-PEIT)  for  the  treatment  of  recurrent  symptomatic  thyroid
cysts in two  high-resolution  consultations  of  thyroid  nodule  in  the  Valencian  Community.
Patients  and  methods:  The  study  comprised  thirty-three  consecutive  patients  (51  ± 12  years,
76% women)  with  symptomatic  benign  thyroid  cysts  relapsed  after  drainage  and  benign  cytology
prior to  treatment.  Through  ultrasound,  maximum  cyst  diameter  and  volume  were  determined,
and the content  of  the  cyst  was  drained.  We  then  instilled  between  2 and  4  ml  of  ethanol
(according  to  initial  volume).  We  followed  up  with  ultrasound  at one,  3,  6  and  12  months
and we  calculated  the  total  volume  and  the Volume  Reduction  Rate  (VRR).  We  evaluated  the
perceived pain  using  a  visual  analog  scale.
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Results:  The  initial  median  cyst  volume  was  11.6  ml  (8.5---16.5)  A single  session  of  US-PEIT  was
required  in  22  patients  (67%),  two  in 8 (24%)  and  three  in 3  (9%).  During  PEIT,  49%  of  the
patients experienced  virtually  no  pain,  39%  mild  pain  and  12%  moderate  pain.  There  were  no
complications.  After  6 months  of  follow  up  the  median  VRR  was  93%  (84---98).  All  the  patients
achieved a  volume  reduction  of  more  than  50%,  94%  of  more  than  70%  and  56%  of  more  than
90%.  Twenty-four  patients  completed  a  year  of  follow-up,  achieving  a  VRR  of 97%  (93---98).
Conclusions:  In  our  experience  US-PEIT  has proven  to  be an  effective,  safe  treatment  of  symp-
tomatic  thyroid  cysts.  For  this  reason  it  can  be considered  as  the  first  line  of treatment  and
included in  the  portfolio  of  services  of  a  high-resolution  consultation.
© 2021  SEEN  and  SED.  Published  by  Elsevier  España,  S.L.U.  All rights  reserved.
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Inclusión  de la inyección  percutánea  de etanol  como  primera  línea  de tratamiento  de
los  quistes  tiroideos  sintomáticos

Resumen
Introducción:  Nuestro  objetivo  es  evaluar  la  eficacia  y  la  seguridad  del tratamiento  mediante
inyección  percutánea  de etanol  guiada  por  ecografía  (IPE-US)  de  los quistes  tiroideos  sintomáti-
cos  en  2 consultas  de alta  resolución  (CAR)  de nódulo  tiroideo  de la  Comunidad  Valenciana.
Pacientes  y  métodos: Incluimos  33  pacientes  (51  ±  12  años,  78%  mujeres)  con  quistes  tiroideos
sintomáticos  que  recidivaron  tras  drenaje  inicial,  con  citología  benigna  previa  al  procedimiento.
Mediante  ecografía  medimos  diámetros  y  volumen,  aspiramos  el contenido  del  quiste  e  instil-
amos entre  2 y  4  ml  de  etanol  (según  volumen  quístico).  Realizamos  seguimiento  ecográfico  al
mes, 3, 6  y  12  meses,  calculamos  el volumen  total  y  la  tasa  de reducción  del  volumen  (TRV).
Evaluamos el  dolor  percibido  mediante  una  escala  analógica  visual.
Resultados: La  mediana  del volumen  inicial  fue 11,6  ml  (8,5---16,5).  Realizamos  un único  pro-
cedimiento  de  IPE-US  en  22  casos  (67%),  2  en  8 (24%)  y  3  en  3  (9%).  El  49%  de  los pacientes  no
experimentó  dolor,  dolor  leve  el  39%  y  moderado  un 12%.  No  hubo  ninguna  otra  complicación.  A
los 6  meses  de  seguimiento  la  mediana  de la  TRV  fue  del  93%  (84---98).  Se  alcanzó  una  reducción
superior  al  50%  en  todos  los casos,  mayor  al  70  en  el  94%  y  mayor  del  90  en  el  56%.  Completaron
12 meses  de  seguimiento  24  pacientes,  siendo  su TRV  del 97%  (93---98).
Conclusiones:  La  IPE-US  es  eficaz  y  segura  en  el  tratamiento  de quistes  tiroideos  sintomáticos,
por lo  que  puede  ser  considerada  como  primera  línea  de tratamiento  e  incluirse  en  la  cartera
de servicios  de  una  CAR  de nódulo  tiroideo.
© 2021  SEEN  y  SED.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los  derechos  reservados.

Introduction

The  prevalence  of  palpable  thyroid  nodules  in iodine-
sufficient  areas  is  5%  in females  and 1% in males.  However,
the  use  of  high-resolution  ultrasound  equipment  makes
it  possible  to  detect  thyroid  nodules  in 19%---68%  of  the
population,  most  frequently  in women  and older  people.1

Approximately  15%---25%  of  the nodules  are  predominantly
cystic.  Based  on  ultrasound  criteria,  we  refer  to  pure  cysts
when  the  cystic  content  of  the nodule  is  greater  than
90%,  and  predominantly  cystic  when the  cystic  content
is  50%---90%.2 Thyroid  cysts are  generally  benign,  but  may
require  treatment  due  to  compressive  symptoms  or  aes-
thetic  complaints.  After percutaneous  drainage,  recurrence
of  the  cyst  occurs  in  over 80%  of cases.3 Surgery  has  tradi-
tionally  been  the first-line  treatment  for  recurrent  thyroid
cysts.  However,  the initial studies  by  Verde et  al.4 and
Zingrillo  et al.5 showed  ultrasound-guided  percutaneous

ethanol  injection  therapy  (US-PEIT)  to  be an effective  and
safe  alternative  to  surgical  treatment.  The  injection  of
96%---99%  ethanol  into  the cyst  cavity  induces  thrombosis  of
the  small  vessels  and  coagulative  necrosis  in the cyst  wall,
with  interstitial  oedema  and granulomatous  inflammation,
followed  by  fibrosis,  contraction  and  decrease  in the volume
of the lesion.5,6 US-PEIT is  recommended  in cystic  lesions
that  occupy  more  than  60%  of  the total  volume  of  the  nod-
ule,  and  is  considered  a therapeutic  success  when  it achieves
a  volume  reduction  rate  (VRR)  greater  than  50%  of  the  initial
volume  of  the cyst.6

In  recent years,  numerous  groups  have  published  their
experience,  with  a  success  rate  of  70%---100%,  and  a  VRR
of  70%---90%.7---11 The  technique  is  also  safe for  patients,
being  well  tolerated,  causing  little  pain,  generally  no
complications,  and improving  their  quality  of  life.12,13 As  a
result,  the  latest  updates  of  the main  guidelines  of scien-
tific  societies  make  US-PEIT  the  first  line  of treatment  in
recurrent  thyroid  cysts  after  initial drainage.1,2 However,
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few  groups  have  reported  their  results  after  having  intro-
duced  this  technique  in  their  clinical  practice,  primarily as
an  alternative  to  surgical  treatment  in  patients  with  this
disorder.1,14

The  aim of  our  study  was  to  analyse  the  outcomes  of
our  experience  with  US-PEIT  for  recurrent  symptomatic  thy-
roid  cysts  in  two  one-stop  clinics  for thyroid  nodules  at two
hospitals  in  the  Spanish  autonomous  region  of  Valencia,  in
order  to  assess  the inclusion  of  this  procedure  as  first-line
treatment  in  our  portfolio  of  services.

Patients and methods

We  selected  33 consecutive  patients  treated  for  thyroid
nodules  in  the one-stop  clinics  at  Hospital  General  Univer-
sitario  de  Castellón  and  Hospital  Universitario  Doctor  Peset
in Valencia  from  October  2017  to  June  2019.  All  patients
had  thyroid  nodules  of  at least  5  ml in volume,  with  the  cys-
tic  component  greater  than  80%  of the  total  volume.  The
cysts  recurred  after  at  least  one aspiration  of  contents,  and
patients  complained  of compressive  symptoms  or  aesthetic
problems.  All  the  patients  completed  follow-up  for  at least
six months.

To  be included  in  the study,  patients  had  to  be  over  18,
with  no  major  comorbidities,  history  of  radiotherapy  to  the
neck,  treatment  with  radioactive  iodine  or  previous  surgery.
In  all  cases,  a  medical  history  was  taken,  a physical  exam-
ination  was performed  and  blood  samples  were obtained
for laboratory  tests.  All  patients  had  normal  levels  of  TSH
and  free  thyroxine  at baseline.  They  all  received  a  detailed
explanation  of  the procedure  and  signed  an informed  con-
sent  form.  The  study  was  conducted  in accordance  with  the
Declaration  of  Helsinki  and  was  approved  by  the Ethics  Com-
mittee  of  Hospital  General  Universitario  de  Castellón.

Thyroid ultrasound

The  ultrasound,  the  initial  drainage  and the  US-PEIT  were
performed  by  an  expert  thyroid  ultrasound  technician
at  each  hospital  using  a 12---15 MHz linear  probe.  Both
technicians  were  accredited  by  the  Sociedad  Española
de  Endocrinología  y  Nutrición  (SEEN)  [Spanish  Society  of
Endocrinology  and  Nutrition]  in  ultrasound  scanning  of the
neck  and  ultrasound  techniques  at  intermediate  level  II.15

We  assessed  the  morphology  of  the thyroid  gland,  includ-
ing  the  echotexture  and  echogenicity,  and  we  measured
the  diameters  and assessed  the ultrasound  characteristics  of
each  nodule  detected.  When  thyroid  nodules  were  detected,
we  performed  fine  needle  aspiration  (FNA)  according  to  ACR
TI-RADS  2017  criteria.16

Cyst  volume  was  calculated  using  the  ellipsoid  model.
We  multiplied  the  three  diameters  (transverse,  ante-
rior/posterior  and  longitudinal)  expressed  in centimetres,
and  multiplied  the  result  by  the  constant  0.524.17 We  per-
formed  FNA  of  the capsule  or  solid  part of  the cyst,  and
another  puncture  to  drain  the  contents.  Drainage  was  per-
formed  with  a 20  ml syringe  with  a  21  G needle.  Cytology
was  benign  in all  cases.

Figure  1 Material  used  for  drainage  and  percutaneous  injec-
tion  of  ethanol.  Bottom:  21  G  syringe,  double-lumen  extension
connector, one  for  drainage  and  one  for  injection.  Middle,  from
left to  right:  a  syringe  with  ethanol,  a  syringe  with  saline  for
wash-out  and  a  syringe  with  0.5 ml  of  5% lidocaine.  Top:  abso-
lute ethanol  for  parenteral  use  and  sterile  bottle  for  the  drained
cystic  fluid.

Percutaneous ethanol  injection procedure

US-PEIT  was  offered  if the  cyst  showed  significant  growth
after  the first  drainage  or  was  causing  compressive
symptoms  or  aesthetic  problems.  Moreover,  the patients
preferred  not to  undergo  surgery  after the procedure
was  explained  in detail.  The  procedure  was  similar  to
that  described  by Reverter  et al.,12 but  using  a  some-
what  higher  amount  of  ethanol,  as  advised  by  other
authors.11,13 The  amount  of ethanol  administered  depended
on  the  volume  aspirated  and  was  as  follows:  <10  ml:
2 ml ethanol;  10---14.9  ml:  2.5  ml ethanol;  15---19.9  ml:  3 ml
ethanol;  20---30  ml:  3.5  ml ethanol;  and  >30  ml:  4 ml  ethanol.

The  materials  used are shown  in Fig.  1. The  patients
were  put  in the same  position  as  for  the FNA,  lying  on  their
back  with  their  neck  extended.  After  sterilising  the skin,
we  used a 21  G  needle  mounted  on  an extension  connec-
tor  with  2 lumens,  one  connected  to  a 20  ml syringe  to
drain  the cyst,  and  the  other  to  administer  lidocaine  and
ethanol.  We  drained  the  cyst,  leaving  a minimum  amount
of  colloid  in order  to  be able  to  see  the tip  of  the  needle
properly  and  pointing  the tip  of the  needle  in the opposite
direction  to the location  of the recurrent  nerve.  After remo-
ving  the  syringe,  through  the other  lumen  we  administered
0.5  ml  of 5%  lidocaine.  After  two  minutes,  the syringe  with
lidocaine  was  replaced  by  another  containing  96%  ethanol,
which  was  injected  slowly,  in small  boluses  of 0.5 ml.  In
a  single  application,  2---4  ml  of  ethanol  was  administered,
approximately  15%---25%  of  the initial  volume of the cyst  (2,
2.5,  3, 3.5  or  4  ml,  depending  on  whether  the initial  volume
of  the  cyst  was  <10 ml,  10---14.9  ml,  15---19.9  ml,  20---30  ml  or
>30  ml,  respectively).  The  tip of  the needle  remained  visi-
ble  throughout  the procedure  and in none  of  the cases  was
the  ethanol  introduced  subsequently  aspirated.  The  patient
was  instructed  to  indicate  any  type of  pain  they  felt  in  order
to  avoid  leaking  of  the alcohol  into  the structures  of the
neck.  Additionally,  to  prevent  the ethanol  leaking  out  of  the
cyst,  the needle  was  withdrawn  during  deep  inspiration.  All
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the  patients  remained  under  observation  for 30  min  before
being  discharged.  Both  technicians  performed  two  proce-
dures  together,  one  at each  site,  to  guarantee  following  the
same  protocol  and  using  the  same  material  in both  hospitals.

Follow-up  and  response parameters

At the  follow-up  visits,  the reduction  in  cyst  volume was
estimated  by  the VRR using  the following  formula:  {(Initial
volume  −  Final  volume)/Initial  volume} ×  100.9 The  VRR  was
assessed  by  ultrasound  at  one,  three  and  six months  after
the  last  US-PEIT.  At  12  months,  a  final  check-up  was  carried
out  to  confirm  the  cyst  had resolved.  In  the  event  of  non-
response,  considered  as  volume  reduction  of  less  than  50%
confirmed  by  ultrasound  at  the  three-  or  six-month  follow-
up,  we  repeated  the US-PEIT  procedure,  ensuring  at  least
three  months  had  elapsed  since  the  previous  procedure.
Similarly,  if at the  three-  or  six-month  follow-up,  the  vol-
ume  was greater  than  5  ml,  or  the  symptoms  persisted,  a
further  US-PEIT  was  proposed  even  if  the  VRR  was  greater
than  50%.

Pain assessment

The  patients  were  asked  about  the degree  of  pain  experi-
enced  after  the instillation  of  alcohol  immediately  after  the
completion  of  the  procedure,  using  a  10-cm  visual  analogue
scale  (VAS),  zero  being considered  as  no  pain  and  10  as  excru-
ciating  pain.  Each  patient  was  asked  to  indicate  where  the
intensity  of  their  pain  was  on  this  line.  The  distance  to  the
patient’s  numerical  mark  quantifies  the intensity  of  their
pain,  the  lower  third  being  seen  as  mild  pain,  the  middle
third  as  moderate  pain,  and  the upper  third  as severe  pain.

Statistical analysis

The statistical  analysis  of the data  was  carried  out  with
STATA  v.14 software.  Almost  all  the parameters  analysed  did
not  have  a  normal  distribution  according  to  the Shapiro---Wilk
test.  Therefore,  the  values  were  expressed  as  median
and  interquartile  range  (percentile:  25---75).  We  used  the
Mann---Whitney  U  test  to  compare  the changes  between  the
initial  volume  of  the  cyst  and  the  VRR at one,  three  and  six
months  after  the US-PEIT.  For  correlation  studies  we  used
the  Spearman  correlation  test.  A  p value  <0.05  was  con-
sidered  statistically  significant,  and  a Spearman  correlation
coefficient  >0.25  to  be  a  significant  correlation.

Results

We  performed  initial  drainage  of  40  thyroid cysts,  33  (82%)
of  which  recurred  and  were  symptomatic,  with  a  volume
greater  than  5 ml,  and  so  these patients  were  included  in the
study  protocol  (six  males  and  27  females).  The  mean  age was
51.1  ±  12.5  years.  In  all  cases,  thyroid  hormones  were  nor-
mal  and  cytology  benign.  The  median  initial  calculated  cyst
volume  before  the procedure  was  11.6  ml  (8.5---16.5)  and
the  median  maximum  diameter  was  3.5 cm (3.0---4.3).  The
aspirated  volume  was  9  ml (6---15)  and  the  injected  ethanol
volume  was  2.5 ml (2---3).  The  median  number  of  US-PEIT

procedures  performed  was  one  (1---2), (mean  1.4 ±  0.6  US-
PEIT),  with  22  patients  requiring  a  single  US-PEIT  (67%),
eight  patients  requiring  two  procedures  (24%) and  three
patients  requiring  three  procedures  (9%).  We  did not  carry
out  more  than  three  US-PEITs  in any of the cases.  We  found
no  differences  in the  initial  volume  of  the  cyst  between  the
patients  who  underwent  one  US-PEIT  and  those  who  under-
went  two  or  three  (11.7  [8.4---20.2]  and  11.5  [8.8---15.8],
respectively;  NS).  All  the  patients  who  required  more  than
one  US-PEIT  presented  a recurrence  in the  follow-up  at one
month.

The  pain  score  during the  US-PEIT  procedure  using  a 10-
cm  VAS  was  1  (1---3),  (mean:  1.9  ± 1.4  cm);  virtually  absent
in  16  cases  (49%),  mild  in 13  (39%),  and  moderate  in  four
(12%).  None  of the patients  reported  severe  pain  or  other
complications,  and only  two  patients  reported  persistent
pain  following  the  US-PEIT  and  needed  treatment  with  non-
steroidal  anti-inflammatory  drugs,  although  in neither  case
did  the  pain  last  beyond  24  h.

In  all  cases,  US-PEIT  was  effective,  achieving  a  reduction
in  cyst  volume  of  more  than  50%,  and  no  recurrence  during
follow-up.  At  six  months  after  the procedure,  the  volume  of
the  cysts was  1.1  ml (0.2---1.6)  and the  largest  diameter  was
1.6  cm (0.6---2.1).  The  VRR was  82%  (71---91)  after one  month,
88%  (81---96) at three  months  and  93%  (84---98)  at six months,
with  the  difference  between  the VRR  at one and six months
being  statistically  significant  (p < 0.01)  (Table  1). In  all  cases
a  VRR  >50%  was  achieved:  over  70%  in 31  cases  (94%);  over
80%  in  28  cases  (82%);  over 90%  in 19  cases  (56%);  and  com-
plete  disappearance  in  six cases  (18%).  The  12  months  of
follow-up  were  completed  by  24  patients,  with  no  significant
changes  compared  to  the six-month  check-up  (12-month  vol-
ume:  0.3  ml  [0.1---0.9];  12-month  VRR  97%  [93---98])  and none
of  the cases  was  there  an  increase  in  size  or  reappearance
of  the cyst  between  six  and  12  months.

We  assessed  possible  differences  between  the  cysts
depending  on  whether  or  not  they  were pure  or  mixed  or
their initial  volume  was  greater  or  less  than  15  ml (Table  1).
With  regard  to  type,  16  were pure  cysts  and  17  were  mixed,
predominantly  cystic.  We  found  no  differences  in any  of
the  characteristics  analysed  except  in the VRR  after  one
month,  which was  higher  in pure  cysts than  in mixed  cysts
(90%  [82---98]  vs  72%  [69---82];  p <  0.01).  Although  the VRR was
always  higher  in pure  cysts compared  to  mixed  cysts,  after
three  months  and  beyond  this  difference  was  not statisti-
cally  significant.  We  found no  differences  between  pure  and
mixed  cysts  in  the  number  of US-PEIT  procedures  required.
The  VRR between  one and  six months  post-procedure  was
significantly  higher  in mixed  cysts  (72% [69---82]  vs  87%
[82---96];  p <  0.01),  but  not in  pure  cysts.  We  found no  differ-
ences  in the  variables  analysed  between  cysts  smaller  than
15  ml (n = 18) and  larger  than  15  ml  (n  =  15),  except  in the
amount  of  ethanol  administered,  as  this  was  determined
by  the volume  of  the cyst  (2 ml  [2.0---2.4]  vs  3  ml  [2.5---3.5];
p  <  0.001).  The  initial  response  was  slightly  greater  in cysts
larger  than  15  ml  compared  to  smaller  ones,  although  with-
out  reaching  statistical  significance.  The  VRR was,  however,
statistically  significant  between  one  and six months  in cysts
smaller  than  15  ml  (80%  [71---86] at  one  month  vs  93% [86---97]
at  six months;  p <  0.01).

In  the study  of  correlation,  we  found no  association
between  the  different  variables.
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Table  1  US-PEIT  results  according  to  the  characteristics  of  the  nodule.

Overall  group
(n =  33)

Cysts  <15 ml
(n = 18)

Cysts  >15  ml
(n  = 15)

Pure  cysts
(n = 16)

Mixed  cysts
(n  =  17)

Baseline  volume  11.6  (8.5---16.5)  8.6  (7.1---10.2)  21.5  (15.5---27.5)  13.1  (8.2---17.9)  11.6  (9.8---15.3)
Volume 6  months  1.1*  (0.2---1.6)  0.8*  (0.2---1.3)  1.1* (0.3---4)  0.5*  (0---12)  1.2*  (0.6---2.4)
Volume 12  monthsa 0.3*  (0.1---0.9)  0.3*  (0.1---0.9)  0.4* (0.3---0.9)  0.25*  (0---0.5)  0.7*  (0.3---1.1)
VRR one  month  82  (71---91)  82  (71---91)  83  (74---95)  90***  (82---98)  72  (69---82)
VRR 3  months  88  (81---96)  88  (81---96)  89  (80---97)  96  (88---99)  83  (78---88)
VRR 6  months  93**  (84---98)  93** (84---98)  96  (83---98)  98  (89---100)  87**  (82---96)
VRR 12  monthsa 97**  (93---98)  97** (93---98)  96  (91---98)  97  (91---100)  96**  (89---97)

US-PEIT: ultrasound-guided percutaneous ethanol injection therapy; VRR: volume reduction rate.
a At 12 months total groups n  = 24; cysts <15 ml, n  = 13; cysts >15 ml,  n =  11; pure cysts, n = 13; mixed cysts, n = 11.
* p  < 0.01 with respect to baseline volume.

** p < 0.01 with respect to VRR for the first month.
*** p < 0.01 with respect to VRR for the first month between pure and mixed cysts.

Discussion

In our  experience,  symptomatic  benign  thyroid  cysts  treated
with  US-PEIT  after  recurrence  following  initial  drainage
show  a  mean  volume  reduction  of  89%  at six  months
post  treatment  and  93%  at 12  months,  without  develop-
ing  complications.  These  outcomes  confirm  US-PEIT  to  be
an  effective,  safe procedure,  well  tolerated  by  patients,
which  can  be  performed  on  an  outpatient  basis,  and it should
therefore  be  considered  as  first-line  treatment  as  an alter-
native  to  surgery.  Data  published  in the literature  show
that  US-PEIT  achieves  a significant  volume  reduction,  and
even complete  reabsorption,  of  thyroid  cysts,  with  virtu-
ally  no adverse  effects.8,11,13 In  fact,  in their latest  update,
the  American  Thyroid  Association  guidelines  and  those  of
the  American  Association  of  Clinical  Endocrinologists  and
Assoziacione  Medici  Endocrinologi  recommend  US-PEIT  as
first-line  treatment  for  cystic  thyroid  lesions.1---14

Drainage  of  thyroid  cysts  is  an ineffective  treatment  as
the  recurrence  rate  is  approximately  80%.7,18 In  our  expe-
rience,  recurrence  after  initial  drainage  was  82%.  US-PEIT,
however,  has  been  found  to  be  superior  to  both  single
drainage  (85.6%  vs  7.3%)4,10 and  saline  injection  (82%  vs
48%).7

In  large  cohorts,  such as  that published  by  Lee  and
Ahn9 (n  = 432),  Halenka  et  al.11 (n = 200)  and  Negro  et  al.13

(n  = 101),  the  VRR  for  cysts  treated  with  US-PEIT ranged  from
73%  to 95%.  Furthermore,  US-PEIT  is  an  effective  long-term
treatment.  Raggiunti  et  al. found  a  93%  reduction  in  volume
after  seven  years  of  follow-up.19 In  our  study,  the VRR  was
89%  at  six  months  and  93%  at  one  year, in line  with  the  rates
reported  in  these  large  series,  and  also  with  the  data  pub-
lished  by  Reverter  et  al.  from  a study  of  30  patients  carried
out  in  Spain.12

There  is  no  defined  protocol  for  the  US-PEIT  proce-
dure,  and  there  is  currently  a  degree  of  debate  surrounding
whether  or not  to  aspirate  the injected  ethanol,  the  vol-
ume  of  ethanol  administered,  and  whether  or  not  to  use
local  anaesthetic.  In  the early  publications,  the US-PEIT
procedure  was  performed  by  injecting  a  relatively  large vol-
ume  of  alcohol  (50%---100%  of  the  aspirated  volume),  with
the  alcohol  reabsorbed  after  being left for  a  few minutes
inside  the  cyst.4,6,10,18,20 However,  in more  recent  reports,

less  alcohol  is  injected  and the alcohol  is  not  aspirated  once
injected.  Kim  et  al.  compared  the  aspiration  of  injected
ethanol  with  no  aspiration  in  60  thyroid  cysts.8 Although  both
approaches  achieved  similar  results  in terms  of reducing  the
initial  volume,  aspiration  required  a mean  procedure  time
14  min  longer  than  no  aspiration  and  required  a second  punc-
ture,  leading  to a  greater  risk  of  intra-cystic  bleeding  during
the  procedure  (23%  vs  3%).  In  recent  years,  practically  all
the  published  reports  have carried  out  the US-PEIT  with  no
aspiration  of  the  injected  ethanol.11---13

Greater  debate surrounds  the volume  of  ethanol  injected
per  session.  Reverter  et  al.  report  excellent  results  injecting
a  maximum  of 2  ml of  ethanol  per  session.12 Other  groups
also  used  a  small but  individualised  volume  of ethanol,
between  15%  and  25%  of  the initial  volume of  the cyst.11,13,19

We  did  not  aspirate the  injected  ethanol  and  used a mini-
mum  volume  of 2 ml for  cysts of 5  ml  and  a  maximum  of  4 ml
for  cysts  larger  than  30  ml.  In  our  opinion,  these are still
small  volumes  of ethanol,  thus  maintaining  patient  safety,
but  may  allow  for  a  reduction  in the  number  of US-PEIT
procedures.  Administering  2 ml in all cases,  Reverter  et  al.
performed  a  single  US-PEIT  procedure  in 45%  of patients,  two
in  31%  and  three  in 13%.  They  found  an  association  between
the  initial volume  and the number  of  procedures  performed,
with  three  or  more  being necessary  if the  cysts  were  larger
than  30  ml.12 Negro  et  al. also  administered  a small  volume
of  ethanol,  but  adjusted  to  the initial volume  of  the  cyst,
using  a  mean  volume  of  1.6,  2.8  and  3.4  ml  according  to
cyst  volume  of less  than  10  ml,  10---20  ml  or 20---30  ml,  only
requiring  one  single  US-PEIT  in  86%,  56%  and 61%  of  cases,
respectively.13 In our  study,  with  an approach  very  similar
to  that  of  Negro  et  al.,  67%  of  the patients  only required
one  US-PEIT  procedure.  We  think  that,  in  addition  to  the
volume  of  ethanol  administered,  our  good  outcomes  may  be
due  to  the fact  that  we did not  include  extremely  large  cysts
(>100  ml)  and  only  three  were  larger than  30  ml.

Although  some studies  conclude  that  the initial volume
of  the cyst  is  the  only  factor  influencing  VRR,10,12,18 other
authors  report  better  results  in  cysts  smaller  than  10  ml.6,7,20

There  does  seem  to  be a clear  correlation  between  the
initial  volume  of the  cyst  and  the number  of  procedures
required.12,19 Although the initial  response  in purely  cystic
nodules  is  greater  than  in mixed  ones,  there  are  no  dif-

462



Endocrinología,  Diabetes  y  Nutrición  68  (2021)  458---464

ferences  in VRR between  the two  in the medium  and  long
term.9,21 It  has been  suggested  that  the solid part of  the nod-
ule  could  be  more  resistant  to  ethanol  diffusion,  which may
explain  this  greater  initial  response of  pure  cysts  immedi-
ately  after  US-PEIT.  However,  ethanol  is  gradually  absorbed
by  the  solid  part  of  the  nodule,  and  its  sclerosing  action  per-
sists  over  time,  slowly  and  progressively  reducing  the size  of
nodules  with  a solid  component.22 In addition  to  this,  previ-
ous  aspiration  of  the cyst  fluid  before  the US-PEIT  may  also
contribute  to a  greater  initial reduction  of  pure cysts.  We
found  no  differences  in the  variables  studied  in  the cysts
according  to initial  size, but  we  did  observe  a  faster  reduc-
tion  in  volume  initially  in the pure cysts  and  in those  larger
than  15  ml,  which  disappeared  in the  medium  to  long  term.

It  has  been  suggested  that  the  changes  caused  by  ethanol
in  the  thyroid  tissue,  such as  necrosis  and fibrosis,  could
cause  complications  if subsequent  surgery  of the gland  is
necessary.3 However,  with  US-PEIT,  only  the nodule  is  sub-
jected  to  the ethanol  action,  with  the extra-nodular  thyroid
tissue  remaining  unaffected,  so it does  not preclude  subse-
quent  surgical  treatment,  which  can  be  performed  safely.23

One  of  the  priorities  in all interventional  procedures  is
patient  safety.  We specifically  assessed  pain  using a  visual
analogue  scale,  and most  patients  reported  no  pain  or
minimal  pain.  Previous  studies  describe  the presence  of  a
transient  burning  sensation,  slight  in most  cases,  but  of
greater  intensity  in large  cysts.7,24 This  may  be  related  to
the  high  volume  of ethanol  injected,  and not  administer-
ing  local  anaesthesia.  As  in the Reverter  et al. protocol,12

we  instilled  a  small  amount  of  lidocaine  into  the cavity  just
before  administering  the ethanol.  We  think  that  the lack
of  pain  reported  by  most  patients  makes  it advisable  to
include  the  administration  of  lidocaine  in  the procedure.
However,  this  lengthens  the procedure,  and  various  authors
report  similar  results  in terms  of  pain  without  the use  of
lidocaine.11 Finally,  a last  aspect  to  be  assessed  is  quality  of
life.  Studies  measuring  quality  of  life  show no  differences  in
the  general  health  status  of  patients  compared  to  the gen-
eral  population,  but  they  do show a  significant  improvement
in symptoms  related  to  the  thyroid  cyst.12,13

The  main  limitations  of  our  study  are the  small num-
ber  of  cases  (given that  it  is  currently  an effective  and
safe  procedure),  not  having  a control  group  and  not having
administered  a  quality-of-life  questionnaire.  The  aim  of  the
study  was  to  determine  the  efficacy  and  safety  of  US-PEIT
in  order  to  assess  adding  the procedure  to  the  department’s
portfolio  of  services,  as  it is  the  first-line  treatment  recom-
mended  by the main  scientific  societies.  We  consider  that
the  number  of  cases treated  and  our  experience  may  be
useful  for  other  one-stop  clinics  for  thyroid  nodules.

Conclusions

The  good  outcomes  in our  clinical  practice  in the  treatment
of  symptomatic  thyroid  cysts  using US-PEIT  and  the safety
provided  to patients,  with  minimal  perceived  pain  and  the
absence  of  complications,  have  led  us to  consider  US-PEIT
as  the  first-line  treatment  in our  hospitals.  The  inclusion  of
this  procedure  in  our  centres  will  mean  a significant  reduc-
tion  in  the  number  of  surgical  interventions,  hospital  stays,
patient  discomfort,  sick  leave  and  possible  complications.  As

this disease  frequently  affects  young  people,  we  believe  that
with  the  cyst  confirmed  as  benign,  US-PEIT  should  be  offered
as  the treatment  of  choice  to  all  patients  with  recurrence
of  the cyst  after  a  first  attempt  at drainage.  We  recommend
performing  the  procedure  without  aspirating  the  injected
ethanol,  administering  small  volumes  of  ethanol  (between
2  and  4 ml depending  on the  initial  volume  of the  cyst),
and  using  lidocaine  as  an anaesthetic  before  instillation.
We  believe  it is important  to  share  results  and unify  the
protocols  for  the procedure  in different  centres.
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Española  de Endocrinología  y Nutrición  [Spanish  Society  of
Endocrinology  and  Nutrition]  and the  Sociedad  Valenciana
de  Endocrinología,  Diabetes  y Nutrición  [Valencian  Society
of  Endocrinology,  Diabetes  and  Nutrition].

References

1. Gharib H, Papini E, Garber JR, Duick DS, Harrell RM, Hegedüs
L, et al. AACE/AME/ETA Task Force on Thyroid Nodules, Amer-
ican Association of Clinical Endocrinologists, American College
of Endocrinology and Associazione Medici Endocrinologi medical
guidelines for clinical practice for the diagnosis and manage-
ment of thyroid nodules----2016 update. Endocr Pract. 2016;22
Suppl 1:1---60.

2. Moon WJ, Baek JH, Jung SL, Kim DW, Kim EK, Kim JY, et  al.
Korean Society of  Thyroid Radiology (KSThR); Korean Soci-
ety of  Radiology. Ultrasonography and the ultrasound-based
management of thyroid nodules: consensus statement and rec-
ommendations. Korean J  Radiol. 2011;12:1---14.

3. Papini E, Pacella CM, Hegedus L. Diagnosis of endocrine dis-
ease: thyroidultrasound (US) and US-assisted procedures: from
the shadows into an array of  applications. Eur J  Endocrinol.
2014;170:R133---46.

4. Verde G,  Papini E, Pacella CM,  Gallotti C, Delpiano S, Strada
S,  et al. Ultrasound guided percutaneous ethanol injection in
the treatment of cystic thyroid nodules. Clin Endocrinol (Oxf).
1994;41:719---24.

5. Zingrillo M, Torlontano M,  Chiarella R, Ghiggi MR, Nirchio V,
Bisceglia M, et  al. Percutaneous ethanol injection may  be a
definitive treatment for symptomatic thyroid cystic nodules
not treatable by surgery: five-year follow-up study. Thyroid.
1999;9:763---7.

6. Cho YS, Lee HK, Ahn IM, Lim SM, Kim DH, Choi CG,  et  al.
Sonographically guided ethanol sclerotherapy for benign thy-
roid cysts: results in 22 patients. AJR Am J Roentgenol.
2000;174:213---6.

7. Bennedbaek FN, Hegedüs L.  Treatment of  recurrent thyroid
cysts with ethanol: a randomized double-blind controlled trial.
J Clin Endocrinol Metab. 2003;88:5773---7.

8. Kim DW, Rho MH, Kim HJ, Kwon JS, Sung YS, Lee SW. Percu-
taneous ethanol injection for benign cystic thyroid nodules:
is  aspiration of  ethanol-mixed fluid advantageous? AJNR Am J
Neuroradiol. 2005;26:2122---7.

463

http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0005
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0010
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0015
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0020
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0025
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0030
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0035
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0040


A.Á.  Merchante  Alfaro,  S. Garzón  Pastor,  S. Pérez  Naranjo  et al.

9. Lee SJ, Ahn IM. Effectiveness of percutaneous ethanol injection
therapy in benign nodular and cystic thyroid diseases: long-term
follow-up experience. Endocr J. 2005;52:455---62.

10. Valcavi R,  Frasoldati A. Ultrasound-guided percutaneous
ethanol injection therapy in thyroid cystic nodules. Endocr
Pract. 2004;10:269---75.

11. Halenka M,  Karasek D, Frysak Z. Ultrasound-guided percuta-
neous ethanol injection of small and medium-sized thyroid
cysts with relatively small amounts of  ethanol. Biomed
Pap Med Fac Univ Palacky Olomouc Czech Repub. 2014;20,
http://dx.doi.org/10.5507/bp.2014.009.

12. Reverter JL, Alonso N,  Avila M,  Lucas A, Mauricio D, Puig-
Domingo M. Evaluation of efficacy, safety, pain perception and
health-related quality of  life of percutaneous ethanol injection
as firstline treatment in symptomatic thyroid cysts. BMC Endocr
Disord. 2015;15:73---8.

13. Negro R, Colosimo E, Greco G. Outcome, pain perception, and
health-related quality of  life en patients submitted to percuta-
neous ethanol injection for simple thyroid cysts. J Thyroid Res.
2017;2017:9536479.

14. Haugen BR, Alexander EK,  Bible KC, Doherty G, Mandel SJ, Niki-
forov YE, et  al. 2015 American Thyroid Association. Management
guidelines for adult patients with thyroid nodules and differen-
tiated thyroid cancer. Thyroid. 2016;26:1---133.

15. Martín T, Díez JJ, Díaz G,  Torres A,  Navarro E, Oleaga A, et al.
Criterios sobre la  utilización y requerimientos técnicos de la
ecografía tiroidea en los servicios de endocrinología y nutrición.
Endocrinol Diabetes Nutr. 2017;64 Supl 1:S23---30.

16. Tessler FN, Middleton WD, Grant EG, Hoang JK, Berland LL,
Teefey SA, et  al. ACR Thyroid Imaging, Reporting and Data Sys-
tem (TI-RADS): white paper of the ACR TI-RADS Committee. J
Am  Coll Radiol. 2017;14:587---95.

17. Shabana W, Peeters E, de Maeseneer M. Measuring thyroid gland
volume: should we change the correction factor? AJR Am J
Roentgenol. 2006;186:234---6.

18. Yasuda K,  Ozaki O, Sugino K, Yamashita T, Toshima K, Ito K,  et  al.
Treatment of  cystic lesions of  the thyroid by ethanol instillation.
World J Surg. 1992;16:958---61.

19. Raggiunti B, Fiore G, Mongia A, Balducci G,  Ballone E, Capone
F. A 7-year follow-up of patients with thyroid cysts and pseu-
docysts treated with percutaneous ethanol injection: volume
change and cost analysis. J  Ultrasound. 2009;12:107---11.

20. Kim YJ, Baek JH, Ha EJ, Lim HK, Lee JH, Sung JY, et  al. Cys-
tic versus predominantly cystic thyroid nodules: efficacy of
ethanol ablation and analysis of  related factors. Eur Radiol.
2012;22:1573---8.

21. Ferreira MC, Piaia C, Cadore AC. Percutaneous ethanol injec-
tion versus conservative treatment for benign cystic and mixed
thyroid nodules. Arch Endocrinol Metab. 2016;60:211---6.

22. Kim JH, Lee HK, Lee JH, Ahn IM, Choi CG. Efficacy of sonograph-
ically guided percutaneous ethanol injection for treatment of
thyroid cysts versus solid thyroid nodules. Am J Roentgenol.
2003;180:1723---6.

23. Guglielmi R, Pacella CM,  Bianchini A, Bizzarri G, Rinaldi R,
Graziano FM, et al. Percutaneous ethanol injection treat-
ment in benign thyroid lesions: role and efficacy. Thyroid.
2004;14:125---31.

24. Del Prete S, Caraglia M,  Russo D, Vitale G, Giuberti G,  Marra M,
et al. Percutaneous ethanol injection efficacy in  the  treatment
of large symptomatic thyroid cystic nodules: tenyear follow-up
of a large series. Thyroid. 2002;12:815---21.

464

http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0045
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0050
dx.doi.org/10.5507/bp.2014.009
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0060
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0065
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0070
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0075
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0080
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0085
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0090
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0095
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0100
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0105
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0110
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0115
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120
http://refhub.elsevier.com/S2530-0180(21)00111-6/sbref0120

	Percutaneous ethanol injection therapy as the first line of treatment of symptomatic thyroid cysts
	Introduction
	Patients and methods
	Thyroid ultrasound
	Percutaneous ethanol injection procedure
	Follow-up and response parameters
	Pain assessment
	Statistical analysis
	Results
	Discussion
	Conclusions
	Conflicts of interest
	Acknowledgements
	References


